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CONTENTS OVERVIEW 


The block diagram on the cover of this book pictorially illustrates the multiple product lines 
offered by Integrated Device Technology, a recognized leader in high-speed CMOS technol- 
ogy. IDT’s broad line of products enables us to provide a complete CMOS solution to design- 
ers of high-performance digital systems. Our products include industry standard devices as 
well as products with speed, lower-power, package and/or architectural benefits that at low the 
designer to achieve significantly improved system performance. 

Use this book to find ordering information: Start with the Ordering Information chart at 
the back of each datasheet, or Cross Reference Guides (p 1 -13) along with Package Diagram 
Outlines (p 15-3), to compose the complete IDT part number. Reference data on ourTechnol- 
ogy Capabilities and Quality Commitments are included in separate sections (2, 3) 
respectively). 

Use this book to find product data: Start with the Table of Contents, organized either al- 
phanumerically by product line (p ii) or numerically across all products (pxiv); fora more com- 
plete summary of product line offerings, use the Product Selector Guide (p 1-2). These in- 
dexes will direct you to the page on which the complete technical data sheet can be found, 
and may in some cases refer you to related Application or Technical Notes (p 14-1). Data 
sheets may be of the following type: 

ADVANCE INFORMATION -contain initial descriptions, subject to change, for products that 
are in development, including features and block diagrams. 

PRELIMINARY— contain descriptions for products soon to be or recently released to produc- 
tion, including features, pinouts and block diagrams. Timing data are based on simulation or 
initial characterization and are subject to change upon full characterization. 

FINAL— contain minimum and maximum limits specified over the complete supply and tem- 
perature range for full production devices. 

New Products, product performance enhancements, additional package types and new 
product families are being introduced frequently. Please contact your local IDT sales repre- 
sentative or 1 -800-1 DT CMOS to determine latest device specifications, package types and 
product availability. 


Note: Integrated Device Technology, Inc. reserves the right to make changes to its products or specifications at any time, without notice, in 
order to improve design or performance and to supply the best possible product. IDT does not assume any responsibility for use of any 
circuitry described other than the circuitry embodied in an IDT product. The Company makes no representations that circuitry described 
herin is free from patent infringement or other rights of third parties which may result from its use. No license is granted by implication or 
otherwise under any patent, patent rights or other rights, of Integrated Device Technology, Inc. 

LIFE SUPPORT POLICY 

Integrated Device Technology’s products are not authorized for use as critical components in life supportdevice or systems unless 
a specific written agreement pertaining to such Intended use Is executed between the manufacturer and an officer of IDT. 

1 . Life support devices or systems are devices or systems which (a) are Intended for surgical implant into the body or (b) support or 
sustain life and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be 
reasonably expected to result In a significant injury to the user. 

2. A critical component Is any component of a life support device or system whose failure to perform can be reasonably expected 
to cause the failure of the life support device or system, or to affect Its safety or effectiveness. 


CEMOS, BiCEMOS, MICROSLICE. Flexishift and SPC are trademarks of Integrated Device Technology, Inc. 
SPC (Serial Protocol Channel) has a patent pending. 

FAST is a trademark of Fairchild Semiconductor Co. 
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PART NUMBER DESCRIPTION 


IDT’s part number identifies the basic product, speed, power, 
package(s) available, operating temperature and processing 
grade. Each data sheet has a detailed description, using the 
part number, on ordering the proper product for the user’s applica- 
tion. The part number is comprised of a series of alpha-numeric 
characters: 

1 . An “IDT” corporate identifier for Integrated Device Technology, 
Inc. 

2. A basic device part number composed of alpha-numeric 
characters. 

3. A device power identifier, composed of one or two alpha char- 
acters, is used to identify the power options. In most cases, the 
following alpha characters are used: 

“S” or “SA” is used for the standard product’s power. 

“L” or “LA” is used for lower power than the standard product. 


4. A device speed identifier, when applicable, is either alpha char- j 
acters, such as “A” or “B", or numbers, such as 20 or 45. The 
speed units, depending on the product, are in nanoseconds or 
megahertz. 

5. A package identifier, composed of one or two alpha characters. 
The data sheet should be consulted to determine the packages 
available and the package identifiers for that particular product. 

6. A temperature/process identifier. The product is available in 
either the commercial or military temperature range, processed 
to a commercial specification, or the product is available in the 
military temperature range with full compliance to MIL- 
STD-883. Many of IDT’s products have burn-in included as part 
of the standard commercial process flow. 

7. A special process identifier, composed of alpha characters, is 
used for products which require radiation enhancement (RE) or 
tolerance (RT). 


Example: 



OTHER EDC REG. FILES SEQUENCERS MICROPROCESSORS 


High-Speed CMOS MICROSLICE M Products 


• CMOS microprogrammable bit-slice microprocessor 
family 

• CMOS Error Detection and Correction product family 

• IDT49C000 products offer dramatically improved system 
performance through new innovative architectures 

• IDT39COOO products are pin-compatible, performance- 
enhanced 2900 family replacements 


• Meets or exceeds bipolar speeds and output drive at a 
small fraction of the power consumption 

• Sequential letter suffix designates 20% -40% speed 
upgrade 

• Instruction set/operation codes functionally identical to 
2900 family 


Oper. Power (max.) 
(mW) 


Part Number 

Description 

Replaces 

Com’l. 

Mil. 

IDT39C01C 

4-Bit Slice 

Am2901B,C; Am29C01C; 

157 

192 

IDT39C01D 

IDT39C01E 


CY7C901 

184 

210 

220 

247 

IDT39C03A 

IDT39C03B 

4-Bit >iP Slice 

Am2903A 

265 

330 

IDT39C203 

cc IDT39C203A 

o 

4-Bit fjP Slice 

Am29203 

265 

330 

$ IDT49C401 
g IDT49C401A 

16-Bit jiP Slice 

IMI4X2901B 

945 

1200 

a. IDT49C402 
o IDT49C402A 

CC 

o 

16-Bit fiP Slice, Quad 2901 with 8 
additional destination functions and a 

64 X 16 dual-port memory capacity 

Four 2901s & One 2902; 
Am29C101; CY7C9101; 
WSI59016 

945 

1200 

s IDT49C403 
IDT49C403A 

16-Bit ftP Slice, Quad 2903/29203 with 

64 x 16 register file, 4 Q-registers, word/ 
BYTE control, BYTE swap, cascadable 

Four 2903/29203S & 

One 2902 

1180 

1375 

IDT49C404 

IDT49C404A 

32-Bit ^P Slice, 3-port device with 32-Bit 
ALU, 64 x 32 register file, cascadable 
funnel shifter, priority encoder, merge 
logic and mask generator 

Two Am29334s & 

One Am29332 

1500 

2000 

IDT39C09A 
w IDT39C09B 

4-Bit Sequencer 

Am2909A; CY7C909 

236 

302 

| IDT39C10B 
z IDT39C10C 

12-Bit Sequencer with 33-Deep Stack 

Am2910A; CY7C910 

395 

495 

g IDT39C11A 
}JJ IDT39C11B 

4-Bit Sequencer 

Am2911A; CY7C911 

236 

302 

IDT49C410 

IDT49C410A 

16-Bit Sequencer with 33-Deep Stack 

Am2910; Am29C10; 
CY7C910 

395 

495 

JS IDT39C705A 
d IDT39C705B 

16x4 Register File Extension 

Am29705A 

210 

275 

d IDT39C707 
a. IDT39C707A 

16x4 Register File Extension 

Am29707 

210 

275 

IDT39C60 
IDT39C60-1 
o IDT39C60A 

16-Bit Cascadable Error Detection 
Correction Unit 

Am2960,-1 ,A; N2960; 
MC74F2960,-1,A 

446 

550 

w IDT49C460 
IDT49C460A 

IDT49C460B 

32-Bit Cascadable Error Detection 
Correction Unit 

DP8402; 74AS632; 

ALS632 

500 

690 

£ IDT39C02A 

Carry Lookahead Generator 

Am2902A 

30 

30 

£ IDT49C25 

Microcycle Length Controller 

Am2925 

30 

30 
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High-Speed CMOS Static RAMs 


• Extremely fast access times 

• Low power consumption 

• 2V data retention battery backup on all low-power 
devices 

• Three-state outputs 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Power (typical) 
Oper. Standby 

(mW) (fiW) 

MONOLITHIC 

IDT6167 

16K (16K x 1) 

15 

12 

150 

10 

IDT6168 

16K (4K X 4) 

15 

15 

225 

10 

IDT71681 

16K (4K x 4) with separate data inputs and outputs; 
outputs track inputs during write mode 

25 

20 

225 

10 

IDT71682 

16K (4K X 4) with separate data inputs and outputs; 
outputs in high impedance state during write mode 

25 

20 

225 

10 

IDT6116 

16K (2K X 8) 

25 

15 

160 

20 

IDT7187 

64K (64 K X 1) 

25 

15 

250 

30 

1 DTI 00490 

64 K (64 K x 1) with ECL 100K compatible I/O 

— 

15 

320 

— 

IDT7188 

64K (16K X 4) 

20 

15 

300 

30 

IDT6198 

64 K (16K x 4) with output enable (OE) for added 
system flexibility 

20 

15 

300 

30 

IDT7198 

64K (16K x 4) output enable (OE) and second chip select 
(CS 2 ) for added system flexibility and memory control 

20 

15 

300 

30 

IDT71981 

64K (16K x 4) with separate data inputs and outputs; 
outputs track inputs during write mode 

20 

15 

300 

30 

IDT71982 

64 K (16K x 4) with separate data inputs and outputs; 
outputs in high impedance state during write mode 

20 

15 

300 

30 

IDT7164 

64K (8K X 8) 

35 

30 

250 

30 

IDT7165 

64K (8K x 8) with asynchronous clear and high-speed 
chip select 

35 

30 

250 

30 

IDT71C65 

64K (8K x 8) with CMOS compatible I/O 

35 

30 

250 

30 

IDT7186 

64K(4KX 16) 

55 

45 

300 

30 

IDT71257 

256K (256K X 1) 

35 

25 

350 

100 

IDT71258 

256K (64K X 4) 

35 

25 

350 

100 

IDT61298 

256K (64K x 4) with output enable (OE) for added 
system flexibility 

35 

25 

350 

100 

IDT71281 

256K (64 K x 4) with separate data inputs and outputs; 
outputs track inputs during write mode 

35 

25 

350 

100 

IDT71282 

256K (64 K x 4) with separate data inputs and outputs; 
outputs in high impedance state during write mode 

35 

25 

350 

100 

IDT71256 

256K (32K X 8) 

45 

35 

250 

15 

IDT71027 

1 Megabit (1024 x 1) 

55 

45 

500 


IDT71028 

1 Megabit (256K x 4) 

55 

45 

500 


IDT71024 

1 Megabit (128K x 8) 

55 

45 

500 


IDT6178 

16K (4K x 4) cache-tag with cache address comparator 
and asynchronous clear 

. 15 

12 

300 

— 

IDT7174 

64 K (8K x 8) with cache address comparator, 
asynchronous clear and high-speed chip select 

45 

35 

250 

— 

IDT71501 

64K (64K x 1) synchronous RAM; all inputs and 
outputs latched 

45 

35 

385 

— 

IDT71502 

64 K (4K x 16) registered RAM for writable control 
store use; has on-board serial load, parity, breakpoint and 
trace logic 

• 45 

35 

350 

30 


‘M’ type ceramic RAM modules are built with monolithic 
RAMs in LCC packages surface mounted onto multi- 
layered, co-fired ceramic substrates using IDT’s high- 
reliability .vapor phase reflow soldering process 

‘MP’ type commercial plastic modules are built using 
IDT monolithic RAMs in SMD plastic packages, surface 
mounted onto epoxy laminate (FR4) substrates 


CONTINUED 
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High-Speed CMOS Static RAMs (continued) 


Power (max.) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Oper. 

(mW) 

Standby 

(mW) 

MODULES 

IDT7MP564 

80K (16K x 5) static RAM module (plastic SIP) 

— 

15 

550 

110 

IDT8MP628 

128K (8K X 16) plastic SIP RAM module 

— 

40 

1650 

165 

IDT8M628 

128K (8K x 16) RAM module with monolithic pinout 

50 

40 

1650 

220 

IDT7MP156 

256K (256K x 1) plastic SIP RAM module 

— 

25 

1375 

330 

IDT7MC156 

256K (256K x 1) static RAM module (ceramic SIP) 

— 

25 

1485 

330 

IDT7MP456 

256K (64 K X 4) plastic SIP RAM module 

— 

25 

1705 

330 

IDT7M856 

256K (32K x 8) RAM module with monolithic pinout 

50 

40 

2090 

440 

IDT8M856 

256K (32K x 8) RAM module with monolithic pinout 
(low-power) 

55 

45 

880 

66 

IDT8MP656 

256K (16K X 16) plastic SIP RAM module 

— 

40 

1870 

330 

IDT8M656 

256K (16K x 16) RAM module with monolithic pinout 

60 

40 

1870 

440 

IDT7M656 

256K (16K X 16, 32K X 8, 64K X 4) RAM module - 
customer configurable organization 

25 

15 

7040 

85 

IDT7M812 

51 2K (64K x 8) RAM module offering maximum 
addressable memory required by 8-Bit MPs 

35 

25 

5280 

880 

IDT7M912 

51 2K (64K x 9) RAM module offering maximum 
addressable memory required by 8-Bit MPs 

35 

25 

5940 

990 

IDT8MP612 

51 2K (32K X 16) plastic SIP RAM module 

— 

40 

1650 

165 

IDT8M612 

51 2K (32K X 16) RAM module with monolithic pinout 

60 

40 

1650 

275 

IDT7MC4032 

51 2K (16K x 32) RAM module with separate I/O 
(ceramic dual SIP) 

— 

30 

5940 

660 

IDT7MC4001 

1 Megabit (1024K x 1) static RAM module 
(ceramic SIP) 

— 

TBD 

1348 

330 

IDT8MP824 

1 Megabit (128K x 8) plastic SIP RAM module 

— 

40 

1210 

440 

IDT8M824 

1 Megabit (128K X 8) RAM module with monolithic 
pinout 

60 

40 

1210 

550 

IDT8MP624 

1 Megabit (64K x 16) plastic SIP RAM module 

— 

40 

1925 

440 

IDT8M624 

1 Megabit (64K x 16) RAM module with monolithic 
pinout 

60 

40 

1925 

495- 

IDT7MB624 

1 Megabit (64K x 16, 128K x 8, 256K x 4) plastic RAM 
module - customer configurable organization 

— 

25 

10725 

1320 

IDT7M624 

1 Megabit (64K X 16, 128K x 8, 256K X 4) RAM 
module - customer configurable organization 

35 

25 

10725 

1320 

IDT7M4017 

2 Megabit (64K x 32) RAM module 

60 

40 

TBD 

TBD 

IDT7MP4008 

4 Megabit (51 2K x 8) static RAM module (plastic SIP) 

— 

40 

2585 

380 

IDT7M4016 

4 Megabit (256K x 16) RAM module 

— 

45 

TBD 

TBD 

IDT7MP6025 

51 2K (64K x 8) registered static RAM module 

— 

25MHz 

TBD 

TBD 

IDT7M824 

1 Megabit (128K x 8) RAM module with registered 
buffered/latched addresses and I/Os 

60 

45 

2640 

935 

IDT7M6001 

32K x 20 double buffered RAM module with 
registered, multiplexed address 

20MHz 

25MHz 

TBD 

TBD 

IDT7M6032 

16K x 32 high-speed writable control store with SPC™ 

TBD 

TBD 

TBD 

TBD 

IDT7MB6042 

8K x 1 12 high-speed writable control store with SPC™ 

— 

TBD 

TBD 

TBD 
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High-speed, low-power 

Independent read or write access to any memory 
location from either port 

Each port has separate controls, address and I/O 
On-chip port arbitration logic 
Fully asynchronous operation from either port 
Wand BUSY flags (BUSY only in IDT71 32/71 42) 


• Automatic power-down feature controlled by CE 

• 2V data retention battery back-up on all low-power 
devices 

• Dual-port RAM modules built with IDT monolithic dual- 
port RAMs in LCC packages, surface mounted to multi- 
layered, co-fired ceramic substrates using IDT’s high- 
reliability vapor phase reflow soldering process 






Power (typical) 



Max. Speed (ns) 

Oper. 

Standby 

Part Number 

Description 

Mil. 

Com’l. 

(mW) 

(mW) 

IDT7130 

8K (IKx 8) replaces Synertek SY2130 

45 

35 

325 

1 

IDT7140 

8K (IKx 8) functions as slave with IDT7130 to provide 
16-Bit words or wider; pin compatible with IDT7130 

45 

35 

325 

1 

IDT7132 

16K (2K x 8) fastest available speeds in this industry 
standard product; now multiple sourced 

45 

35 

325 

1 

IDT7142 

16K (2K X 8) functions as slave with IDT7132 to 
provide 16-Bit words or wider; pin compatible with 

IDT7132 

45 

35 

325 

1 

IDT71321 

16K (2K x 8) high-speed dual-port with interrupt output 
(MASTER) 

45 

35 

325 

1 

IDT71421 

16K (2K X 8) functions as slave with IDT71321 to 
provide 16-Bit words or wider; pin compatible with 
IDT71321 

45 

35 

325 

1 

IDT71322 

16K (2K x 8) with Semaphore 

45 

45 

500 

1 

IDT7133 

32K(2Kx 16) 

70 

55 

375 

1 

IDT7143 

32K (2K X 16) functions as slave with IDT7133 to 
provide 32-Bit words or wider 

70 

55 

375 

1 

IDT7134 

32K (4K x 8) high-speed operation in system where 
on-chip arbitration is not needed 

45 

45 

500 

1 

IDT71342 

32K (4K x 8) with Semaphore 

45 

45 

500 

1 

IDT7M134 

64K (8K X 8) dual-port RAM module 

60 

45 

950 

20 

IDT7M144 

64 K (8K x 8) functions as slave with IDT7M134 to 
provide 16-Bit words or wider; pin compatible with 
IDT7M134 

60 

45 

950 

20 

IDT7M135 

128K(16Kx 8) dual-port RAM module 

60 

45 

1600 

50 

IDT7M145 

128K (16K x 8) functions as slave with IDT7M135 to 
provide 16-Bit words or wider; pin compatible with 
IDT7M135 

60 

45 

1600 

50 

IDT7M137 

256K (32K x 8) dual-port RAM module where on-chip 
arbitration is not needed 

60 

55 

1800 

60 











High-Speed CMOS FIFOs 


• Extremely fast access and cycle times 

• Low power consumption 

• Asynchronous and simultaneous read and write 

• Fully expandable in depth and width 

• Single read and write line operation - IDT7200 family 

• Empty, Full and Half-Full status flags - IDT7200 family 

• Six pin-compatible versions of varying depth - IDT7200 
family 


• Master/slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Auto retransmit capability - IDT7200 family 

• FIFO modules are built with IDT monolithic FIFOs in LCC 
packages, surface mounted to a multilayer, co-fired 
ceramic substrate using IDT’s high-reliability vapor phase 
reflow soldering process 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Max. Power (mW) 
Mil. Com’l. 

IDT72400 FIFO FAMILY 

IDT72401 

64 x 4, replaces MMI 67401 at 1/4 power 

35MHz 

45MHz 

250 

195 

IDT72402 

64 x 5, replaces MMI 67402 at 1/4 power 

35MHz 

45MHz 

250 

195 

IDT72403 

64 x 4, replaces MMI 67401 at 1/4 power, with 
output enable 

35MHz 

45MHz 

250 

195 

IDT72404 

64 x 5, replaces MMI 67402 at 1/4 power, with 
output enable 

35MHz 

45MHz 

250 

195 

IDT72413 

64 x 5, replaces MMI 67413 at 1/4 power, with 
output enable, Half-Full and Almost-Full/Empty flags 

35MHz 

45MHz 

385 

330 

IDT7200 FIFO FAMILY 

IDT7200 

256x9, 28-pin 300mil DIP 

30 

25 

700 

625 

IDT7201A 

512 X 9, replaces Mostek MK4501, with Half-Full 

Flag 

30 

25 

700 

625 

IDT7202A 

IK x 9, with Half-Full Flag 

40 

35 

700 

625 

IDT72021 

1 K x 9, with Half-Full and Almost-Full/Empty flags 
and output enable 

30 

25 

700 

625 

IDT7203 

2K x 9. with Half-Full Flag 

50 

50 

750 

600 

IDT7204 

4K x 9, with Half-Full Flag, largest monolithic FIFO 
available 

50 

50 

750 

600 

IDT72041 

4K x 9, with Half-Full and Almost-Full/Empty flags 
and output enable 

40 

35 

900 

700 

IDT7200 FIFO MODULE FAMILY 

IDT7M203 

2K x 9 FIFO module using four IDT7201S 

50 

40 

750 


IDT7M204 

4K X 9 FIFO module using four IDT7202S 

50 

40 

750 

600 

IDT7M205 

8K x 9 FIFO module using four IDT7203S 

60 

50 

— 

— 

IDT7M206 

16K x 9 FIFO module using four IDT7204S 

60 

50 

— 

— 

IDT72100 SERIAL FIFO FAMILY 

IDT72103 

2K x 9 parallel-serial input/output with Flexishift™, 
40MHz serial rate 

50 

50 

750 

600 

IDT72104 

4K x 9 parallel-serial input/output with Flexishift™, 
40MHz serial rate 

50 

50 

750 

600 


IDT7250 BIDIRECTIONAL FIFO FAMILY 


IDT7252 1 K X 1 8 - 2K X 9 BiFIFQ™ 48-pin DIP 50 50 750 600 


High-Speed CMOS DSP Budding Blocks 


• High speed, low power • Supports integer formats 

• Highly integrated LSI building blocks • Inputs and outputs directly TTL-compatible 

• Very fast 50MHz components 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Max. Power (mW) 
Mil. Com’l. 

IDT7320 

16-Bit Eight-level deep pipeline register 

15 

10 

400 

300 

IDT7381 

16-Bit Cascadable DSP ALU 

35 

30 

400 

300 

IDT7383 

16-Bit Cascadable DSP ALU 

25 

20 

400 

300 
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High-Speed CMOS Parallel Multiplier-Accumulators 


• High speed, low power 

• Parallel multiplier-accumulators with selectable 
accumulation, rounding and preloading 

• Extended product output for multiple accumulations 


• Preload function allows output register to be preset 

• All devices perform subtraction and double precision 
addition and multiplication 

• Inputs and outputs directly TTL-compatible 



Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Max. Power (mW) 
Mil. Com’l. 

IDT7209 

12 x 1 2-Bit— pin and functionally compatible with 

TRW TDC1009J 

55 

45 

1000 

750 

IDT7210 

16 X 16-Bit— with 35-Bit output; pin and functionally 
compatible with TRW TDC1010J 

40 

35 

1450 

1250 

IDT7243 

16 x 1 6-Bit— with 19-Bit output; pin and functionally 

55 

45 

790 

690 


compatible with TRW TDC1043 


High-Speed CMOS Parallel Multipliers 


• High speed, low power • Round control for rounding the MSP 

• Configured for easy array expansion • Inputs and outputs directly TTL-compatible 

• User-controlled option for transparent output register • Three-state output controls and separate register enables 

mode 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Max. Power (mW) 
Mil. Com’l. 

IDT7212 

12 x 1 2-Bit— pin and functionally compatible with 

TRW MPY012H 

40 

35 

875 

685 

IDT7213 

12 X 1 2-Bit— with single clock architecture 

40 

35 

875 

685 

IDT7216 

16 X 1 6-Bit— pin and functionally compatible with 

TRW MPY016H/K and AMD Am29516 

25 

20 

1400 

1200 

IDT7217 

16 X 1 6-Bit— with single clock architecture; pin and 
functionally compatible with AMD Am29517 

30 

25 

1400 

1200 

IDT7317 

16 x 1 6-Bit— with single clock, 32-Bit output 

25 

20 

1400 

1200 


High-Speed CMOS Floating-Point Products 


• Full 32-Bit and 64-Bit multiply and ALU operations 

• Pipelined and flow-through modes 

• 144-Pin Grid Array 

• Full MIL-STD-883 compliant product available 


Part Number 

Description 

Max. Speed (MFLOP) 

Mil. Com’l. 

Max. Power (mW) 
Mil. Com’l. 

IDT721264 

32-/64-Bit Multiplier-pin and functionally 
compatible with Weitek WTL1264 

12.5 (32-Bit) 

6.2 (64-Bit) 

16.7 (32-Bit) 

8.3 (64-Bit) 

750 

625 

IDT721265 

32-/64-Bit ALU-pin and functionally 
compatible with Weitek WTL1265 

12.5 (32-Bit) 
12.5 (64-Bit) 

16.7 (32-Bit) 
16.7 (64-Bit) 

750 

625 


• High speed, low power - 500mW typical 

• Advanced CEMOS technology 

• Full IEEE standard 754 conformance 

• Single 5V supply 
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High-Speed CMOS Data Conversion Products 


• High speed - low power 

• Available in military and commercial temperature ranges 

• Produced with advanced CEMOS high-performance 
technology 

VIDEO DACs 

• IDT75C18 is pin and function compatible with TRW 1018 
with half the power consumption 

• IDT75C19 is world’s first CMOS 9-Bit Video DAC 

• IDT75C458 PaletteDAC™ is pin and function compatible 
with Brooktree BT458 

• IDT75MB38 is a triple 8-Bit, 125MHz module with 
onboard voltage reference 


FLASH A/D CONVERTERS 

• IDT75C48 is pin and function compatible with TRW 1048 
with half the power consumption, on-chip Error Detection 
and Correction, extended analog input range and 
improved output characteristics 

• IDT75C58 has enhanced features such as overflow 
output and three-state control which allows stacking two 
devices for 9-Bit resolution 

• IDT75M48 is a complete Flash ADC module product 
with input buffer amplifier, reference voltage generator 
and optimized layout and decoupling 

• 1DT75M49 is a complete 9-Bit ADC module using two 
IDT75C58 devices 


Part Number < 

Description 

Replaces 

Power 

(mW) 

IDT75C18 

8-Bit, 125MHz Video DAC with ECL inputs 

TDC1018 

400 

o IDT75C19 

World’s first 9-Bit, 125MHz Video DAC 

— 

400 

° IDT75MB38 

Triple 8-Bit, 125MHz Video DAC Module 

BT 1 09, TDC1318 

1500 

IDT75C458 

Triple 8-Bit, 125MHz PaletteDAC™ 

BT458 

1000 

IDT75C48 

8-Bit, 20MHz Flash ADC 

TDC1048 

500 

o IDT75C58 

8-Bit, 20MHz Flash ADC with Overflow output 

— 

500 

< IDT75M48 

Complete 8-Bit, 20MHz Flash Module using IDT75C48 

— 

800 

IDT75M49 

9-Bit, 20MHz Flash Module using two IDT75C58S 

— 

1200 


1 High-Speed CMOS E 2 PROMs 1 

• Fast access times • On-chip timer, latches, charge pump 

• Internal address and data input latches • Write protection circuitry, Vqq lockout for Vqc = 

4V 


• Minimum endurance of 10,000 write cycles per byte • 5 volt operation 

• Endurance failure rate < 0.1 % per 1,000 cycles • DATA polling 

• Serial access versions with SPC™ (IDT78C18A, 

IDT78C68A, IDT78C258A) 

Power (typical) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Oper. 

(mW) 

Standby 

(mW) 

IDT78C16A 

2K x 8 E 2 PROM 

90 

70 

600 

4.5 

IDT78C18A 

2K x 8 E 2 PROM with Serial Protocol Channel (SPC™) 

90 

70 


4.5 

IDT78M64 

8K x 8 E 2 PROM module with JEDEC E 2 PROM pinout 

85 

70 


20 

IDT78C64A 

8K x 8 E 2 PROM 

70 

55 


4.5 

IDT78C464A 

8K x 8 Registered E 2 PROM 

70 

55 


4.5 

IDT78C564A 

8K x 8 Registered E 2 PROM with Serial Protocol 

70 

55 

500 

4.5 


Channel (SPC™) 





IDT78C256A 

32K X 8 E 2 PROM 

70 

55 

500 

4.5 

IDT78C4256A 

32K x 8 Registered E 2 PROM 

70 

55 

500 

4.5 

IDT78C5256A 

32K x 8 Registered E 2 PROM with Serial Protocol 

70 

55 

500 

4.5 


Channel (SPC™) 
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High-Speed CMOS Logic Products 


FCTXXXA devices 35% -50% faster than FAST™ with 
equivalent output drive but at dramatically lower CMOS 
power over full temperature and voltage supply extremes 

FCT devices same speed and output drive as FAST™, 
but at dramatically lower CMOS power 

54/74FCT8XXA devices same speed and output drive as 
29800, but at dramatically lower CMOS power 

54/74FCT8XXB devices 32% -38% faster than 29800 
with equivalent output drive, but at dramatically lower 
CMOS power 


Both CMOS and TTL output compatible (eliminates need 
for pull-up resistors when driving CMOS static RAMs) 

Substantially lower input current levels than FAST™ or 
ALS (5ptA max.) 

JEDEC standard pinout for DIP and LCC 
Pin-compatible with industry standard MSI logic 

Devices formerly designated 39CXXXare now designated 
54/74FCT8XXA or 29FCTXXX 


Power (typical) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Oper. 

(mW) 

Standby 

(^W) 

IDT29FCT52A 

Octal Registered Transceiver 

11.0 

10.0 

10.0 

5.0 

IDT29FCT53A 

Octal Registered Transceiver 

11.0 

10.0 

10.0 

5.0 

IDT29FCT52B 

Octal Registered Transceiver 

7.2 

6.5 

10.0 

5.0 

IDT29FCT53B 

Octal Registered Transceiver 

7.2 

6.5 

10.0 

5.0 

IDT29FCT520A 

Multilevel Pipeline Register 

16.0 

14.0 

10.0 

5.0 

IDT29FCT521A 

Multilevel Pipeline Register 

16.0 

14.0 

10.0 

5.0 

IDT49FCT601 

16-Bit Bidirectional Latch w/Byte-Swap 

— 

— 

20.0 

10.0 

IDT49FCT618 

16-Bit Register with SPC™ 

14.0 

12.5 

20.0 

5.0 

IDT49FCT661 

16-Bit Synchronous Binary Counter 

— 

— 

20.0 

10.0 

IDT49FCT818A 

Octal Register with SPC™ 

11.0 

10.0 

10.0 

5.0 

IDT54/74FCT138A 

1-of-8 Decoder 

7.8 

5.8 

10.0 

5.0 

IDT54/74FCT 1 39A 

Dual 1-of-4 Decoder 

7.8 

5.9 

10.0 

5.0 

IDT54/74FCT161 A 

Synchronous Binary Counter 

7.5 

7.2 

10.0 

5.0 

IDT54/74FCT163A 

Synchronous Binary Counter 

7.5 

7.2 

10.0 

5.0 

IDT54/74FCT182A 

Carry Lookahead Generator 

10.7 

6.5 

10.0 

5.0 

IDT54/74FCT191A 

Up/Down Binary Counter 

10.5 

7.8 

10.0 

5.0 

IDT54/74FCT193A 

Up/Down Binary Counter 

6.9 

6.5 

10.0 

5.0 

IDT54/74FCT240A 

Octal Buffer 

5.1 

4.8 

10.0 

5.0 

IDT54/74FCT241A 

Octal Buffer 

4.8 


10.0 

5.0 

IDT54/74FCT244A 

Octal Buffer 

4.8 


10.0 

5.0 

IDT54/74FCT245A 

Octal Bidirectional Transceiver 

4.9 

4.6 

10.0 

5.0 

IDT54/74FCT273A 

Octal D Flip-Flop 

8.3 

7.2 

10.0 

5.0 

IDT54/74FCT299A 

Octal Universal Shift Register 

9.5 

7.2 

10.0 

5.0 

IDT54/74FCT373A 

Octal Transparent Latch 

5.6 

5.2 

10.0 

5.0 

IDT54/74FCT374A 

Octal D Flip-Flop 

7.2 

6.5 

10.0 

5.0 

IDT54/74FCT377A 

Octal D Flip-Flop 

8.3 

7.2 

10.0 

5.0 

IDT54/74FCT399A 

Quad Dual-Port Register 

7.5 

7.0 

10.0 

5.0 

IDT54/74FCT521A 

8-Bit Comparator 

9.5 

7.2 

10.0 

5.0 

IDT54/74FCT533A 

Octal Transparent Latch 

5.6 

5.2 

10.0 

5.0 

IDT54/74FCT534A 

Octal D Flip-Flop 

7.2 

6.5 

10.0 

5.0 

IDT54/74FCT540A 

Octal Inverting Buffer 

— 

— 

10.0 

5.0 

IDT54/74FCT541A 

Octal Non-inverting Buffer 

— 

— 

10.0 

5.0 

IDT54/74FCT543A 

Octal Non-inverting Latched Transceiver 

7.7 

6.3 

10.0 

5.0 

IDT54/74FCT573A 

Octal Transparent Latch 

5.6 

5.2 

10.0 

5.0 

IDT54/74FCT574A 

Octal D Register 

7.2 

6.5 

10.0 

5.0 


CONTINUED 







































High-Speed CMOS Logic Products (continued) 


Power (typical) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Oper. 

(mW) 

Standby 

(pW) 

IDT54/74FCT640A 

Octal Bidirectional Transceiver 

5.3 

5.0 

10.0 

5.0 

IDT54/74FCT645A 

Octal Bidirectional Transceiver 

4.9 

4.6 

10.0 

5.0 

IDT54/74FCT646A 

Octal Non-inverting Registered Transceiver 

7.7 

6.3 

10.0 

5.0 

IDT54/74FCT648A 

Octal Inverting Registered Transceiver 

6.3 

5.6 

10.0 

5.0 

IDT54/74FCT651A 

Octal Non-inverting Registered Transceiver 

- 

- 

10.0 

5.0 

IDT54/74FCT652A 

Octal Inverting Registered Transceiver 

- 

- 

10.0 

5.0 

IDT54/74FCT821A 

10-Bit Non-inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT822A 

10-Bit Inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT823A 

9-Bit Non-inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT824A 

9-Bit Inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT825A 

8-Bit Non-inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT826A 

8-Bit Inverting Register 

12.0 

12.0 

10.0 

5.0 

IDT54/74FCT827A 

10-Bit Non-inverting Buffer 

10.0 

8.0 

10.0 

5,0 

IDT54/74FCT828A 

10-Bit Inverting Buffer 

9.5 

7.5 

10.0 

5.0 

1 DT54/74FCT833A 

8-Bit Transceiver w/Parity 

14.0 

10.0 

10.0 

5.0 

IDT54/74FCT834A 

8-Bit Transceiver w/Parity 

14.0 

10.0 

10.0 

5.0 

IDT54/74FCT841A 

10-Bit Non-inverting Latch 

11.0 

9.5 

10.0 

5.0 

IDT54/74FCT842A 

10-Bit Inverting Latch 

12.0 

10.0 

10.0 

5.0 

1 DT54/74FCT843A 

9-Bit Non-inverting Latch 

11.0 

9.5 

10.0 

5.0 

1 DT54/74FCT844A 

9-Bit Inverting Latch 

12.0 

10.0 

10.0 

5.0 

IDT54/74FCT845A 

8-Bit Non-inverting Latch 

11.0 

9.5 

10.0 

5.0 

IDT54/74FCT846A 

8-Bit Inverting Latch 

12.0 

10.0 

10.0 

5.0 

IDT54/74FCT853A 

8-Bit Transceiver w/Parity 

14.0 

10.0 

10.0 

5.0 

IDT54/74FCT854A 

8-Bit Transceiver w/Parity 

14.0 

10.0 

10.0 

5.0 

IDT54/74FCT861 A 

10-Bit Non-inverting Transceiver 

10.0 

8.0 

10.0 

5.0 

1 DT54/74FCT862A 

10-Bit Inverting Transceiver 

9.5 

7.5 

10.0 

5.0 

1 DT54/74FCT863A 

9-Bit Non-inverting Transceiver 

10.0 

8.0 

10.0 

5.0 

1 DT54/74FCT864A 

9-Bit Inverting Transceiver 

9.5 

8.5 

10.0 

5.0 

IDT54/74FCT138 

1 -of-8 Decoder 

12.0 

9.0 

10.0 

5.0 

IDT54/74FCT139 

Dual 1 -of-4 Decoder 

12.0 

9.0 

10.0 

5.0 

IDT54/74FCT161 

Synchronous Binary Counter 

11.5 

11.0 

10.0 

5.0 

IDT54/74FCT163 

Synchronous Binary Counter 

11.5 

11.0 

10.0 

5.0 

IDT54/74FCT182 

Carry Lookahead Generator 

16.5 

10.0 

10.0 

5.0 

IDT54/74FCT191 

Up/Down Binary Counter 

16.0 

12.0 

10.0 

5.0 

IDT54/74FCT193 

Up/Down Binary Counter 

10.5 

10.0 

10.0 

5.0 

IDT54/74FCT240 

Octal Buffer 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT241 

Octal Buffer 

7.0 

6.5 

10.0 

5.0 

IDT54/74FCT244 

Octal Buffer 

7.0 

6.5 

10.0 

5.0 

1 DT54/74FCT245 

Octal Bidirectional Transceiver 

7.5 

7.0 

10.0 

5.0 

IDT54/74FCT273 

Octal D Flip-Flop 

15.0 

13.0 

10.0 

5.0 

IDT54/74FCT299 

Octal Universal Shift Register 

14.0 

10.0 

10.0 

5.0 

IDT54/74FCT373 

Octal Transparent Latch 

8.5 

8.0 

10.0 

5.0 

IDT54/74FCT374 

Octal D Flip-Flop 

11.0 

10.0 

10.0 

5.0 


CONTINUED 
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High-Speed CMOS Logic Products (continued) 


Power (typical) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’i. 

Oper. 

(mW) 

Standby 

(pW) 

IDT54/74FCT377 

Octal D Flip-Flop 

15.0 

13.0 

10.0 

5.0 

IDT54/74FCT399 

Quad Dual-Port Register 

11.5 

10.0 

10.0 

5.0 

IDT54/74FCT521 

8-Bit Comparator 

15.0 

11.0 

10.0 

5.0 

IDT54/74FCT533 

Octal Transparent Latch 

12.0 

10.0 

10.0 

5.0 

IDT54/74FCT534 

Octal D Flip-Flop 

11.0 

10.0 

10.0 

5.0 

IDT54/74FCT540 

Octal Inverting Buffer 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT541 

Octal Non-inverting Buffer 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT543 

Octal Non-inverting Latched Transceiver 

10.0 

8.5 

10.0 

5.0 

IDT54/74FCT573 

Octal Transparent Latch 

8.5 

8.0 

10.0 

5.0 

IDT54/74FCT574 

Octal D Register 

11.0 

10.0 

10.0 

5.0 

IDT54/74FCT640 

Octal Bidirectional Transceiver 

8.0 

7.0 

10.0 

5.0 

IDT54/74FCT645 

Octal Bidirectional Transceiver 

11.0 

9.5 

10.0 

5.0 

IDT54/74FCT646 

Octal Non-inverting Registered Transceiver 

11.0 


10.0 

5.0 

IDT54/74FCT648 

Octal Inverting Registered Transceiver 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT651 

Octal Non-inverting Registered Transceiver 

10.0 

9.0 

10.0 

5.0 

IDT54/74FCT652 

Octal Inverting Registered Transceiver 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT827 

10-Bit Non-inverting Buffer 

- 

- 


- 

IDT54/74FCT828 

10-Bit Inverting Buffer 

- 

- 

- 

- 

IDT54/74FCT821 B 

10-Bit Non-inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT822B 

10-Bit Inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT823B 

9-Bit Non-inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT824B 

9-Bit Inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT825B 

8-Bit Non-inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT826B 

8-Bit Inverting Register 

8.5 

7.5 

10.0 

5.0 

IDT54/74FCT827B 

10-Bit Non-inverting Buffer 

6.5 

5.0 

10.0 

5.0 

IDT54/74FCT828B 

10-Bit Inverting Buffer 

6.5 

5.5 

10.0 

5.0 

IDT54/74FCT833B 

8-Bit Transceiver w/Parity 

10.0 

7.0 

10.0 

5.0 

IDT54/74FCT834B 

8-Bit Transceiver w/Parity 

10.0 

7.0 

10.0 

5.0 

IDT54/74FCT841 B 

10-Bit Non-inverting Latch 

7.5 

6.5 

10.0 

5.0 

IDT54/74FCT842B 

10-Bit Inverting Latch 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT843B 

9-Bit Non-inverting Latch 

7.5 

6.5 

10.0 

5.0 

IDT54/74FCT844B 

9-Bit Inverting Latch 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT845B 

8-Bit Non-inverting Latch 

7.5 

6.5 

10.0 

5.0 

IDT54/74FCT846B 

8-Bit Inverting Latch 

9.0 

8.0 

10.0 

5.0 

IDT54/74FCT853B 

8-Bit Transceiver w/Parity 

10.0 

7.0 

10.0 

5.0 

IDT54/74FCT854B 

8-Bit Transceiver w/Parity 

10.0 

7.0 

10.0 

5.0 

IDT54/74FCT861 B 

10-Bit Non-inverting Transceiver 

6.5 

6.0 

10.0 

5.0 

IDT54/74FCT862B 

10-Bit Inverting Transceiver 

6.5 

5.5 

10.0 

5.0 

IDT54/74FCT863B 

9-Bit Non-inverting Transceiver 

6.5 

6.0 

10.0 

5.0 

IDT54774FCT864B 

9-Bit Inverting Transceiver 

6.5 

5.5 

10.0 

5.0 

IDT54AHCT138 

1-of-8 Decoder 

27.0 

— 

3.5 

5.0 

IDT54AHCT139 

Dual 1 -of-4 Decoder 

25.0 

— 

3.5 

5.0 


CONTINUED 
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High-Speed CMOS Logic Products ( continued ) 


Power (typical) 


Part Number 

Description 

Max. Speed (ns) 

Mil. Com’l. 

Oper. 

(mW) 

Standby 

(mW) 

IDT54AHCT161 

Synchronous Binary Counter 

20.0 

— 


5.0 

IDT54AHCT163 

Synchronous Binary Counter 

20.0 

— 


5.0 

IDT54AHCT182 

Carry Lookahead Generator 

20.5 

— 

3.5 

5.0 

IDT54AHCT191 

Up/Down Binary Counter 

22.0 

— 

3.5 

5.0 

IDT54AHCT193 

Up/Down Binary Counter 

19.0 

— 

3.5 

5.0 

IDT54AHCT240 

Octal Buffer 

12.0 

— 


5.0 

IDT54AHCT244 

Octal Buffer 

13.0 

— 


5.0 

IDT54AHCT245 

Octal Bidirectional Transceiver 

15.0 

— 


5.0 

IDT54AHCT273 

Octal D Flip-Flop 

17.0 

— 


5.0 

IDT54AHCT299 

Universal Shift Register 

17.0 

— 


5.0 

IDT54AHCT373 

Octal Transparent Latch 

19.0 

— 


5.0 

IDT54AHCT374 

Octal D Flip-Flop 

18.0 

— 


5.0 

IDT54AHCT377 

Octal D Flip-Flop 

20.0 

— 


5.0 

IDT54AHCT521 

8-Bit Comparator 

17.0 

— 

3.5 

5.0 

IDT54AHCT533 

Octal Transparent Latch 

24.0 

— 

3.5 

5.0 

IDT54AHCT534 

Octal D Flip-Flop 

18.0 

— 


5.0 

IDT54AHCT573 

Octal Transparent Latch 

15.0 

— 


5.0 

IDT54AHCT574 

Octal D Register 

15.0 

— 


5.0 

IDT54AHCT640 

Octal Bidirectional Transceiver 


— 

3.5 


IDT54AHCT645 

Octal Bidirectional Transceiver 

15.0 

_ 

3.5 
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STATIC RAM 

mW 

CROSS REFERENCE GUIDE 

Integrated Device Technology. Inc. 



AMD CONT. 


AMD CONT. 


AM2167-35DC 

AM2168-55PCB 

AM99C641 -25DC 

AM2167-35DCB 

AM21 68-70/BRA 

AM99C641 -25DCB 

AM2167-35LC 

AM2168-70/BUC 

AM99C641-25LC 

AM2167-35LCB 

AM2168-70DE 

AM99C641 -25LCB 

AM2167-35PC 

AM2168-70DEB 

AM99C641 -25PC 

AM2167-35PCB 

AM2168-70LE 

AM99C641 -25PCB 

AM21 67-45/BRA 

AM2168-70LEB 

AM99C641 -35DC 

AM2167-45/BUC 

AM99C641 -35DCB 

AM2167-45DC 

AM2169-40DC 

AM99C641-35LC 

AM2167-45DCB 

AM2169-40DCB 

AM99C641 -35LCB 

AM2167-45DE 

AM2169-40LC 

AM99C641 -35PC 

AM2167-45DEB 

AM2169-40LCB 

AM99C641 -35PCB 

AM2167-45LC 

AM2169-40PC 

AM99C641 -45/BWA 

AM2167-45PC 

AM2169-40PCB 

AM99C641 -45/LMC 

AM21 67-55/BRA 

AM21 69-50/BRA 

AM99C641 -45DC 

AM2167-55/BUC 

AM2169-50DC 

AM99C641 -45DCB 

AM2167-55DC 

AM2169-50DCB 

AM99C641-45DE 

AM2167-55DE 

AM2169-50DE 

AM99C641 -45DEB 

AM2167-55DEB 

AM2169-50DEB 

AM99C641 -45LC 

AM2167-55LC 

AM2169-50LE 


IDT6167SA35D 

IDT6168SA55P 

IDT7187L25C 

IDT6167SA35D 

IDT6168SA70DB 

IDT7187L25C 

IDT6167SA35L 

IDT6168SA70LB 

IDT7187L25L22 

IDT6167SA35L 

IDT6168SA70DM 

IDT7187L25L22 

IDT6167SA35P 

IDT6168SA70DM 

IDT7187L25P 

IDT6167SA35P 

IDT6168SA70LM 

IDT7187L25P 

IDT6167SA45DB 

IDT6168SA70LM 

IDT7187L35C 

IDT6167SA45LB 

IDT7187L25C 

IDT6167SA45D 

IDT6169SA35D 

IDT7187L35L22 

IDT6167SA45D 

IDT6169SA35D 

IDT7187L35L22 

IDT6167SA45DM 

IDT6169SA35L 

IDT7187L35P 

IDT6167SA45DM 

IDT6169SA35L 

IDT7187L35P 

IDT6167SA45L 

IDT6169SA35P 

IDT7187L45CB 

IDT6167SA45P 

IDT6169SA35P 

IDT7187L45L22B 

IDT6167SA55DB 

IDT6169SA45DB 

IDT7187L45C 

IDT6167SA55LB 

IDT6169SA45D 

IDT7187L45C 

IDT6167SA55D 

IDT6169SA45D 

IDT7187L45CM 

IDT6167SA55DM 

IDT6169SA45DM 

IDT7187L45CM 

IDT6167SA55DM 

IDT6169SA45DM 

IDT7187L45L22 

IDT6167SA55L 

IDT6169SA45LM 


NOTES: 

A lower case ”x” indicates the packages of the 
AMD part are unknown." 

All AM99 series parts have 2 Volt data retention 
capability. 


AM99C641 -45LCB 

AM2167-55PC 

AM2169-50LEB 

AM99C641 -45LE 

AM21 67-70/BRA 

AM2169-50PC 

AM99C641 -45LEB 

AM2167-70/BUC 

AM2169-50PCB 

AM99C641-45PC 

AM2167-70DC 

AM21 69-70/BRA 

AM99C641 -45PCB 

AM2167-70DCB 

AM2169-70DE 

AM99C641 -55/BWA 

AM2167-70DE 

AM2169-70DEB 

AM99C641-55/LMC 

AM2167-70DEB 

AM2169-70LE 

AM99C641 -55DC 

AM2167-70LC 

AM2169-70LEB 

AM99C641 -55DCB 

AM2167-70PC 

AM99C641 -55DE 

AM2167-70PCB 

AM9128-12/BJA 

AM99C641 -55DEB 

AM9128-12/BUC 

AM99C641 -55LC 

AM2168-35DC 

AM9128-15/BJA 

AM99C641 -55LCB 

AM2168-35DCB 

AM9128-15/BUC 

AM99C641-55LE 

AM2168-35LC 

AM9128-70DC 

AM99C641-55LEB 

AM2168-35LCB 

AM9128-70DCB 

AM99C641-55PC 

AM2168-35PC 

AM9128-70DE 

AM99C641 -55PCB 

AM2168-35PCB 

AM9128-70DEB 

AM99C641 -70/BWA 

AM21 68-45/BRA 

AM9128-70LC 

AM99C641 -70/LM C 

AM2168-45/BUC 

AM9128-70LCB 

AM99C641 -70DC 

AM2168-45DC 

AM9128-70PC 

AM99C641 -70DCB 

AM2168-45DCB 

AM9128-90/BJA 

AM99C641-70DE 

AM2168-45DE 


ID77187L45L22 

IDT6167SA55P 

IDT6169SA45LM 

IDT7187L45L22M 

IDT6167SA70DB 

IDT6169SA45P 

IDT7187L45L22M 

IDT6167SA70LB 

IDT6169SA45P 

IDT7187L45P 

IDT6167SA70D 

IDT6169SA55DB 

IDT7187L45P 

IDT6167SA70D 

IDT6169SA55DM 

IDT7187L55CB 

IDT6167SA70DM 

IDT6169SA55DM 

IDT7187L55L22B 

IDT6167SA70DM 

IDT6169SA55LM 

IDT7187L55C 

1DT6167SA70L 

IDT6169SA55LM 

IDT7187L55C 

IDT6167SA70P 

IDT7187L55CM 

IDT6167SA70P 

IDT6116SA120DB 

IDT7187L55CM 

IDT61 1 6SA1 20L32B 

IDT7187L55L22 

IDT6168SA35D 

IDT6116SA150DB 

IDT7187L55L22 

IDT6168SA35D 

I DT6 1 1 6SA1 50L32B 

IDT7187L55L22M 

IDT6168SA35L 

IDT6116SA70D 

IDT7187L55L22M 

IDT6168SA35L 

IDT6116SA70D 

IDT7187L55P 

IDT6168SA35P 

IDT6116SA70DM 

IDT7187L55P 

IDT6168SA35P 

IDT6116SA70DM 

IDT7187L70CB 

IDT6168SA45DB 

IDT6116SA70L32 

IDT7187L70L22B 

IDT6168SA45LB 

IDT6116SA70L32 

IDT7187L70C 

IDT6168SA45D 

IDT6116SA70P 

IDT7187L70C 

IDT6168SA45D 

IDT6116SA90DB 

IDT7187L70CM 

IDT6168SA45DM 


AM9128-90/BUC 

AM99C641-70DEB 

AM2168-45DEB 

AM99C641 -70LC 

AM2168-45LE 

AM99C164-35X 

AM99C641 -70LCB 

AM2168-45LEB 

AM99C164-45X 

AM99C641-70LE 

AM2168-45PC 

AM99C164-55X 

AM99C641 -70LEB 

AM2168-45PCB 

AM99C164-70X 

AM99C641-70PC 

AM21 68-55/BRA 

AM99C641 -70PCB 

AM2168-55/BUC 

AM99C165-35X 

AM2168-55DC 

AM99C165-45X 

AM99C68-45/BRA 

AM2168-55DCB 

AM99C165-55X 

AM99C68-45DC 

AM2168-55DE 

AM99C165-70X 

AM99C68-45DCB 

AM2168-55DEB 

AM99C68-45PC 

AM2168-55LE 

AM99C328-45X 

AM99C68-45PCB 

AM2168-55LEB 

AM99C328-55X 

AM99C68-55/BRA 

AM2168-55PC 

AM99C328-70X 

AM99C68-55DC 

AM99C68-55DCB 

AM99C88-12/BXC 

AM99CS88-1 2/BXC 

AM99C68-55DMB 

AM99C88-15/BUC 

AM99CS88-1 5/BUC 

AM99C68-55PC 

AM99C88-1 5/BXC 

AM99CS88-15/BXC 

AM99C68-55PCB 

AM99C88-20/BUC 

AM99CS88-20/BUC 

AM99C68-70/BRA 

AM99C88-20/BXC 

AM99CS88-20/BXC 

AM99C68-70DC 

AM99C88-70/BUC 

AM99CS88-70/BUC 

AM99C68-70DCB 

A M 99C88-70/BXC 

AM99CS88-70/BXC 

AM99C68-70DMB 

AM99C88-70DC 


IDT61 1 6SA90L32B 

IDT7187L70CM 

IDT6168SA45DM 

IDT7187L70L22 

IDT6168SA45LM 

IDT7188L35X 

IDT7187L70L22 

IDT6168SA45LM 

IDT7188L45X 

IDT7 1 87L70L22M 

IDT6168SA45P 

IDT7188L55X 

IDT7187L70L22M 

IDT6168SA45P 

IDT7188L70X 

IDT7187L70P 

IDT6168SA55DB 

IDT7187L70P 

IDT6168SA55LB 

IDT6198L35X 

IDT6168SA55D 

IDT6198L45X 

IDT6168LA45DB 

IDT6168SA55D 

IDT6198L55X 

IDT6168LA45D 

IDT6168SA55DM 

IDT6198L70X 

IDT6168LA45D 

IDT6168SA55DM 

IDT6168LA45P 

IDT6168SA55LM 

IDT71256L45X 

IDT6168LA45P 

IDT6168SA55LM 

IDT71256L55X 

IDT6168LA55DB 

IDT6168SA55P 

IDT71256L70X 

IDT6168LA55D 

IDT6168LA55D 

IDT7164L120DB 

IDT7164L120DB 

IDT6168LA55DB 

IDT7164L150L32B 

IDT7164L150L32B 

IDT6168LA55P 

IDT7164L100DB 

IDT7164L150DB 

IDT6168LA55P 

IDT7164L200DB 

IDT7164L200L32B 

IDT6168LA70DB 

IDT7164L200L32B 

IDT7164L200DB 

IDT6168LA70D 

IDT7164L70L32B 

IDT7164L70L32B 

IDT6168LA70D 

IDT7164L70L32B 

IDT7164L70DB 

IDT6168LA70DB 

IDT7164L70D 













STATIC RAM CROSS REFERENCE GUIDE 


AMD CONT. 

IDT 

LATTICE 

IDT 

LATTICE CONT. 

IDT 

AM99C68-70PC 

IDT6168LA70P 

SR16K4-25P 

IDT6168SA25P 

SR64K4-45CB 

IDT7188SA45C 

AM99C88-70DCB 

IDT7164L70D 

SR16K8-40R 

IDT6116SA35L 

SR16K4-40PB 

IDTQ168SA35P 

AM99C88H-35X 

IDT7164L35X 

SR64K1-45PB 

IDT7187S45P 

SR64E4-40P 

IDT6198S35P 

AM99C68-70PCB 

IDT6168LA70P 

SR16K4-25PB 

IDT6168SA25P 

SR64K4-45CM 

IDT7188SA45CB 

AM99C88-70DE 

IDT7164L70DM 

SR16K8-40RB 

IDT6116SA35L 

SR16K4-40R 

IDT6168SA35L 

AM99C88H-45/X 

IDT7164L45xB 

SR64K1-45R 

IDT7187S45L 

SR64E4-40P 

IDT6198S35P 

AM99C88-70DEB 

IDT7164L70DM 

SR16K4-30C 

IDT6168SA25D 

SR64K4-45CMB 

IDT7188SA45CB 

AM99CL68-45/BRA 

IDT6168LA45DB 

SR16K8-40RM 

IDT6116SA35LB 

SR16K4-40RB 

IDT6168SA35L 

AM99C88-70LC 

IDT7164L70L32 

SR64K1 -45RB 

IDT7187S45L 

SR64E4-40R 

IDT6198S35L 

AM2130-10/BUC 

IDT7130S100L52B* 

SR16K4-30CB 

IDT6168SA25D 

SR64K4-45P 

IDT7188SA45P 

AM99CL68-45DC 

IDT6168LA45D 

SR16K8-40RMB 

IDT6116SA35LB 

SR16K4-40RM 

IDT6168SA35LB 

AM99C88-70LCB 

IDT7164L70L32 

SR64K1 -45RM 

IDT7187S45LB 

SR64E4-40RB 

IDT6198S35L 

AM2130-10/BXC 

IDT7130S100CB 

SR16K4-30CM 

IDT6168SA25DB 

SR64K4-45PB 

IDT7188SA45P 

AM99CL68-45DCB 

IDT6168LA45D 

SR16K8-40C 

IDT6116SA35D 

SR16K4-40RMB 

IDT6168SA35LB 

AM99C88-70LE 

IDT7164L70L32M 

SR64K1 -45RMB 

IDT7187S45LB 

SR64E4-40RM 

IDT6198S35LB 

AM2130-10DC 

IDT7130S100C 

SR16K4-30CMB 

IDT6168SA25DB 

SR64K4-55C 

IDT7188SA55C 

AM99CL68-45PC 

IDT6168LA45P 

SR16K8-45CB 

IDT6116SA45D 

SR16K4-45C 

IDT6168SA45D 

AM99C88-70LEB 

IDT7164L70L32M 

SR64K1-55C 

IDT7187S55C 

SR64E4-40RMB 

IDT6198S35LB 

AM2130-10DCB 

IDT7130S100C 

SR16K4-30P 

IDT6168SA25P 

SR64K4-55CB 

IDT7188SA55C 

AM99CL68-45PCB 

IDT6168LA45P 

SR16K8-45CM 

IDT6116SA45DB 

SR16K4-45CB 

IDT6168SA45D 

AM99CL88-10/BUC 

IDT7164L85L32B 

SR64K1-55CB 

IDT7187S55C 

SR64E4-45C 

IDT6198S45C 

AM2130-10JC 

IDT7130S100J* 

SR16K4-30PB 

IDT6168SA25P 

SR64K4-55CM 

IDT7188SA55CB 

AM99CL68-55/BRA 

IDT6168LA55DB 

SR16K8-45CMB 

IDT6116SA45DB 

SR16K4-45CM 

IDT6168SA45DB 

AM99CL88-10/BXC 

IDT7164L85DB 

SR64K1-55CM 

IDT7187S55CB 

SR64E4-45CB 

IDT6198S45C 

AM2130-10LC 

IDT7130S100L52* 

SR16K4-30R 

IDT6168SA25L 

SR64K4-55CMB 

IDT7188SA55CB 

AM99CL68-55DC 

IDT6168LA55D 

SR16K8-45P 

IDT6116SA45P 

SR16K4-45CMB 

IDT6168SA45DB 

AM99CL88-1 2/BUC 

IDT7164L85L32B 

SR64K1-55CMB 

IDT7187S55CB 

SR64E4-45CM 

IDT6198S45CB 

AM2130-10LCB 

IDT7130S100L52* 

SR16K4-30RB 

IDT6168SA25L 

SR64K4-55P 

IDT7188SA55P 

AM99CL68-55DCB 

IDT6168LA55D 

SR16K8-45PB 

IDT6116SA45P 

SR16K4-45P 

IDT6168SA45P 

AM99CL88-1 2/BXC 

IDT7164L85DB 

SR64K1-55P 

IDT7187S55P 

SR64E4-45CMB 

IDT6198S45CB 

AM2130-10PC 

IDT7130S100P 

SR16K4-30RM 

IDT6168SA25LB 

SR64K4-55PB 

IDT7188SA55P 

AM99CL68-55PC 

IDT6168LA55P 

SR16K8-45R 

IDT6116SA45L 

SR16K4-45PB 

IDT6168SA45P 

AM99CL88-15/BUC 

IDT7164L85L32B 

SR64K1 -55PB 

IDT7187S55P 

SR64E4-45P 

IDT6198S45P 

AM2130-10PCB 

IDT7130S100P 

SR16K4-30RMB 

IDT6168SA25LB 

SR16K4-45R 

IDT6168SA45L 

AM99CL68-55PCB 

IDT6168LA55P 

SR16K8-45RB 

IDT6116SA45L 

SR64E4-45P 

IDT6198S45P 

AM99CL88-1 5/BXC 

IDT7164L85DB 

SR64K1-55R 

IDT7187S55L 

SR64K8-35P 

IDT7164S35P 

AM21 30-1 2/BUC 

IDT7130S120L52B* 

SR16K4-35C 

IDT6168SA35D 

SR16K4-45RB 

IDT6168SA45L 

AM99CL68-70/BRA 

IDT6168LA70DB 

SR16K8-45RM 

IDT6116SA45LB 

SR64E4-45R 

IDT6198S45L 

AM99CL88-70/BUC 

IDT7164L70L32B 

SR64K1-55RB 

IDT7187S55L 

SR64K8-35PB 

IDT7164S35P 

AM21 30-1 2/BXC 

IDT7130S120CB 

SR16K4-35CB 

IDT6168SA35D 

SR16K4-45RM 

IDT6168SA45LB 

AM99CL68-70DC 

IDT6168LA70D 

SR16K8-45RMB 

IDT61 1 6SA45LB 

SR64E4-45RB 

IDT6198S45L 

AM99CL88-70/BXC 

IDT7164L70DB 

SR64K1 -55RM 

IDT7187S55LB 

SR64K8-40C 

IDT7164S35C 

AM2130-70/BXC 

IDT7130S70CB 

SR16K4-35CM 

IDT6168SA35DB 

SR16K4-45RMB 

IDT6168SA45LB 

AM99CL68-70DCB 

IDT6168LA70D 

SR64K1 -55RMB 

IDT7187S55LB 

SR64E4-45RM 

IDT6198S45LB 

AM99CL88-70DC 

IDT7164L70D 

SR16K4-35CMB 

IDT6168SA35DB 

SR64K8-40CB 

IDT7164S35C 

AM2130-70DC 

IDT7130S70C 

SR256K1-X 

IDT71257X 

SR64E4-45RMB 

IDT6198S45LB 

AM99CL68-70PC 

IDT6168LA70P 

SR16K4-35P 

IDT6168SA35P 

SR64K8-40CM 

IDT7164S35CB 

AM99CL88-70DCB 

IDT7164L70D 

SR64K4-35P 

IDT7188SA35P 

SR16K8-30C 

IDT6116SA30D 

AM2130-70DCB 

IDT7130S70C 

SR16K4-35PB 

IDT6168SA35P 

SR64E4-55C 

IDT6198S55C 

AM99CL68-70PCB 

IDT6168LA70P 

SR256K4-X 

IDT71258X 

SR64K8-40CMB 

IDT7164S35CB 

AM99CL88-70LC 

IDT7164L70L32 

SR64K4-35PB 

IDT7188SA35P 

SR16K8-30CB 

IDT6116SA30D 

AM2130-70JC 

IDT7130S70J* 

SR16K4-35R 

IDT6168SA35L 

SR64E4-55CB 

IDT6198S55C 

AM99CL88-70LCB 

IDT7164L70L32 

SR64K4-40C 

IDT7188SA35C 

SR64K8-40P 

IDT7164S35P 

AM2130-70LC 

IDT7130S70L52* 

SR16K4-35RB 

IDT6168SA35L 

SR16K8-30CM 

IDT6116SA30DB 

AM99C88-10/BUC 

IDT7164L100L32B 

SR256K8-X 

IDT71256X 

SR64E4-55CM 

IDT6198S55CB 

AM99CS88-1 0/BUC 

IDT7 1 64L1 00L32B 

SR64K4-40CB 

IDT7188SA35C 

SR64K8-40PB 

IDT7164S35P 

AM2130-70LCB 

IDT7130S70L52* 

SR16K4-35RM 

IDT6168SA35LB 

SR16K8-30CMB 

IDT6116SA30DB 

AM99C88-10/BXC 

IDT7164L100DB 

SR64K4-40CM 

IDT7188SA35CB 

SR64E4-55CMB 

IDT6198S55CB 

AM99CS88-1 0/BXC 

IDT7164L100DB 

SR16K4-35RMB 

IDT6168SA35LB 

SR64K8-40R 

IDT7164S35L32 

AM2130-70PC 

IDT7130S70P 

SR64E4-35P 

IDT6198S35P 

SR16K8-30P 

IDT6116SA30P 

AM99C88-1 2/BUC 

IDT7164L120L32B 

SR64K4-40CMB 

IDT7188SA35CB 

SR64E4-55P 

IDT6198S55P 

AM99CS88-1 2/BUC 

ID77164L120L32B 

SR16K4-40C 

IDT6168SA35D 

SR64K8-40RB 

IDT7164S35L32 

AM2130-70PCB 

NOTES: 

IDT7130S70P 

SR64E4-35P 

SR64K4-40P 

SR16K4-40CB 

IDT6198S35P 

IDT7188SA35P 

IDT61 68SA35D 

SR16K8-30PB 

SR64E4-55PB 

SR64K8-40RM 

IDT6116SA30P 

IDT6198S55P 

IDT7 1 64S35L32B 

A lower case “x" indicates the packages of the 
AMD part are unknown. 

SR64E4-40C 

SR64K4-40PB 

IDT6198S35C 

IDT7188SA35P 

SR16K8-30R 

SR64E4-55R 

IDT6116SA30L 

IDT6198S55L 

All AM99 series parts have 2 Volt data retention 
capability. 

SR16K4-40CM 

SR64E4-40CB 

IDT6168SA35DB 

IDT61 98S35C 

SR64K8-40RMB 

SR16K8-30RB 

IDT7164S35L32B 

IDT6116SA30L 

An asterisk indicates the IDT part is NOT pin 
for pin compatible. 

SR64K4-40R 

SR16K4-40CMB 

SR64E4-40CM 

SR64K4-40RMB 

SR16K4-40P 

SR64E4-40CMB 

IDT7188SA35L 

IDT6168SA35DB 

IDT6198S35CB 

IDT7188SA35LB 

IDT6168SA35P 

IDT6198S35CB 

SR64E4-55RB 

SR64K8-45C 

SR16K8-30RM 

SR64E4-55RM 

SR64K8-45CB 

SR16K8-30RMB 

IDT6198S55L 

IDT7164S45C 

IDT6116SA30LB 

IDT6198S55LB 

IDT7164S45C 

IDT6116SA30LB 


1-14 















STATIC RAM CROSS REFERENCE GUIDE 


LATTICE CONT. 

IDT 

CYPRESS CONT. 

IDT 

CYPRESS CONT. 

IDT 

SR64E4-55RMB 

IDT6198S55LB 

CY7C161-35LC* 

IDT71981S35L 

CY7C1 66L-45DC 

IDT6198L45C 

SR64K8-45CM • 

IDT7164S45CB 

CY7C164L-35PC 

IDT7188L35P 

CY7C132-35DC 

IDT7132S35C 

SR16K8-35C 

IDT6116SA35D 

CY7C128-35DC 

IDT6116SA35D 

CY7C1 62L-35DMB* 

IDT71982L35CB 

SR64K8-45CMB 

IDT7164S45CB 

CY7C161-35PC* 

IDT71981S35P 

CY7C1 66L-45DMB 

IDT6198L45CB 

SR16K8-35CB 

IDT6116SA35D 

CY7C164L-45DC 

IDT7188L45C 

CY7C1 32-35LC 

IDT7132S35L52 

SR64K1-35C 

IDT7187S35C 

CY7 C 1 28-35D M B 

IDT6116SA35DB 

CY7C1 62L-35LC* 

IDT71982L35L 

SR64K8-45P 

IDT7164S45P 

CY7C161-45DC* 

1DT71981S45C 

CY7C166L-45LC 

IDT6198L45L 

SR16K8-35CM 

IDT6116SA35DB 

CY7C164L-45DMB 

IDT7188L45CB 

CY7C132-35PC 

IDT7132S35P 

SR64K1 -35CB 

IDT7187S35C 

CY7C128-35LC 

IDT6116SA35L24 

CY7C162L-35LMB* 

IDT71982L35LB 

SR64K8-45PB 

IDT7164S45P 

CY7C161-45DMB* 

IDT71981S45CB 

CY7C166L-45LMB 

IDT6198L45LB 

SR16K8-35CMB 

IDT61 16SA35DB 

CY7C1 64L-45LC 

IDT7188L35L 

CY7C132-45DC 

IDT7132S45C 

SR64K1-35CM 

IDT7187S35CM 

CY7C128-35LMB 

IDT6116SA35L24B 

CY7C1 62L-45DC* 

IDT71982L45C 

SR64K8-45R 

IDT7164S45L32 

CY7C161-45LC* 

IDT71981S45L 

CY7C166L-45PC 

IDT6198L45P 

SR16K8-35P 

IDT6116SA35P 

CY7C164L-45LMB 

IDT7188L45LB 

CY7C132-45LC 

IDT7132S45L52 

SR64K1-35CMB 

IDT7187S35CM 

CY7C128-35PC 

IDT6116SA35P 

CY7C162L-45DMB* 

IDT71982L45CB 

SR64K8-45RB 

IDT7164S45L32 

CY7C161-45LMB* 

IDT71981S45LB 

CY7C132-45PC 

IDT7132S45P 

SR16K8-35PB 

IDT6116SA35P 

CY7C164L-45PC 

IDT7188L45P 

CY7C1 62L-45LC* 

IDT71982L45L 

SR64K1-35P 

IDT7187S35P 

CY7C128-35SC 

IDT6116SA35SO 

CY7C167-25PC 

IDT6167SA25P 

SR64K8-45RM 

IDT7164S45L32B 

CY7C161L-25DC* 

IDT71981 L25C 

CY7C132-55DC 

IDT7132S55C 

SR16K8-35R 

IDT6116SA35L 

CY7C128-45DC 

IDT6116SA45D 

CY7C162L-45LMB* 

IDT71982L45LB 

SR64K1-35PB 

IDT7187S35P 

CY7C161L-35DC* 

IDT71981L35C 

CY7C167-25DC 

IDT6167SA25D 

SR64K8-45RMB 

IDT7164S45L32B 

CY7C166-25DC 

IDT6198S25C 

CY7C132-55LC 

IDT7132S55L52 

SR16K8-35RB 

IDT6116SA35L 

CY7C128-45DMB 

IDT61 16SA45DB 

CY7C167-25LC 

IDT6167SA25L 

SR64K1 -35R 

IDT7187S35L 

CY7C161L-35DMB* 

IDT71981L35CB 

CY7C132-55PC 

IDT7132S55P 

SR64K8-55C 

IDT7164S55C 

CY7C166-25PC 

IDT6198S25P 

CY7C1 64-25DC 

IDT7188S25C 

SR16K8-35RM 

IDT6116SA35LB 

CY7C128-45LC 

IDT6116SA45L24 

CY7C167-35PC 

IDT6167SA35P 

SR64K1-35RB 

IDT7187S35L 

CY7C161L-35LC* 

IDT71981L35L24 

CY7C1 64-25PC 

IDT7188S25P 

SR64K8-55CB 

IDT7164S55C 

CY7C166-35DC 

IDT6198S35C 

CY7C1 67-35DC 

IDT6167SA35D 

SR16K8-35RMB 

IDT6116SA35LB 

CY7C1 28-45LM B 

IDT6116SA45L24B 

CY7C140-45DC 

IDT7140S45C 

SR64K1 -35RM 

IDT7187S35LM 

CY7C161L-35LMB* 

IDT71981L35L24B 

CY7C1 64-35DC 

IDT7188S35C 

SR64K8-55CM 

IDT7164S55CB 

CY7C166-35DMB 

IDT6198S35CB 

CY7C167-35LC 

IDT6167SA35L 

SR16K8-40C 

IDT6116SA35D 

CY7C128-45PC 

IDT6116SA45P 

CY7C140-45LC 

IDT7140S45L52 

SR64K1-35RMB 

IDT7187S35LM 

CY7C161L-45DC* 

IDT7198LS45C 

CY7C164-35DMB 

IDT7188S35CB 

SR64K8-55CMB 

IDT7164S55CB 

CY7C166-35LC 

IDT6198S35L 

CY7C167-35DMB 

IDT6167SA35DB 

SR16K8-40CB 

IDT6116SA35D 

CY7C128-45SC 

IDT6116SA45SO 

CY7C140-45PC 

IDT7140S45P 

SR64K1-45C 

IDT7187S45C 

CY7C161L-45DMB* 

IDT71981L45CB 

CY7C164-35LC 

IDT7188S35L 

SR64K8-55P 

IDT7164S55P 

CY7C166-35LMB 

IDT6198S35LB 

CY7C167-35LMB 

IDT6167SA35LB 

SR16K8-40CM 

IDT6116SA35DB 

CY7C128-55DC 

IDT6116SA55D 

CY7C140-55DC 

IDT7140S55C 

SR64K1-45CB 

IDT7187S45C 

CY7C161L-45LC* 

IDT7 1 981 L45L24 

CY7C1 64-35LMB 

IDT7188S35LB 

SR64K8-55PB 

IDT7164S55P 

CY7C166-35PC 

IDT6198S35P 

CY7C1 67-45PC 

IDT6167SA45P 

SR16K8-40CMB 

IDT6116SA35DB 

CY7C128-55DMB 

IDT6116SA55DB 

CY7C140-55LC 

IDT7 1 40S55L52 

SR64K1 -45CM 

IDT7187S45CM 

CY7C161L-45LMB* 

IDT71981 L45L24B 

CY7C164-35PC 

IDT7188S35P 

SR64K8-55R 

IDT7164S55L32 

CY7C166-45DC 

IDT6198S45C 

CY7C1 67-45DC 

IDT6167SA45D 

SR16K8-40P 

IDT6116SA35P 

CY7C128-55LC 

IDT61 1 6SA55L24 

CY7C140-55PC 

IDT7140S55P 

SR64K1-45CMB 

IDT7187S45CM 

CY7C166-45DMB 

IDT6198S45CB 

CY7C164-45DC 

1DT7188S45C 

SR64K8-55RB 

IDT7164S55L32 

CY7C128-55LMB 

IDT61 1 6SA55L24B 

CY7C167-45LC 

IDT6167SA45L 

SR16K8-40PB 

IDT6116SA35P 

CY7C162-25DC* 

IDT71982S25C 

CY7C164-45DMB 

IDT7188S45CB 

SR64K1 -45P 

IDT7187S45P 

CY7C166-45LC 

IDT6198S45L 

CY7C167-45DMB 

IDT6167SA45DB 

SR64K8-55RM 

IDT7164S55L32B 

CY7C128-55PC 

IDT6116SA55P 

CY7C142-35DC 

IDT7142S35C 

SR64K8-55RMB 

IDT7 1 64S55L32B 

CY7C162-35DC* 

CY7C166-45LMB 

IDT71982S35C 

IDT6198S45LB 

CY7C164-45LC 

CY7C167-45LMB 

IDT7188S35L 

IDT6167SA45LB 

CYPRESS 

IDT 

CY7C128-55SC 

CY7C1 62-35DM B* 

IDT6116SA55S0 

IDT71982S35CB 

CY7C142-35LC 

CY7C164-45LMB 

IDT7142S35L52 

IDT7188S45LB 

CY7C128-25DC 

IDT6116SA25D 

CY7C166-45PC 

IDT6198S45P 

CY7C1 67L-25DC 

IDT6167LA25D 

CY7C161-25DC* 

IDT71981S25C 

CY7C162-35LC* 

IDT71982S35L 

CY7C142-35PC 

IDT7142S35P 

CY7C164L-35DMB 

IDT7188L35CB 

CY7C166L-25DC 

IDT6198L25C 

CY7C164-45PC 

IDT7188S45P 

CY7C128-25LC 

IDT6116SA25L24 

CY7C130-45DC 

IDT7130S45C 

CY7C1 67L-25LC 

IDT6167LA25L 

CY7C161-35DC* 

IDT71981S35C 

CY7C162-35LMB* 

IDT71982S35LB 

CY7C142-45DC 

IDT7142S45C 

CY7C1 64L-35LC 

IDT7188L35L 

CY7C166L-25PC 

IDT6198L25P 

CY7C1 64L-25DC 

IDT7188L25C 

CY7C128-25PC 

IDT6116SA25P 

CY7C130-45LC 

IDT7130S45L52 

CY7C167L-25PC 

IDT6167LA25P 

CY7C161-35DMB* 

IDT71981S35CB 

CY7C162-45DC* 

IDT71982S45C 

CY7C142-45LC 

IDT7142S45L52 

CY7C164L-35LMB 

IDT7188L35LB 

CY7C166L-35DC 

IDT6198L35C 

CY7C164L-25PC 

IDT7188L25P 

CY7C128-25SC 

IDT6116SA25SO 

CY7C130-45PC 

CY7C162-45DMB* 

CY7C166L-35DMB 

IDT7130S45P 

IDT71982S45CB 

IDT6198L35CB 

CY7C167L-35DC 

CY7C142-45PC 

CY7C164L-35DC 

IDT6167LA35D 

IDT7142S45P 

IDT7188L35C 

NOTFS- 


A lower case "x” indicates the Dackaaes of the 

CY7C130-55DC 

IDT7130S55C 

CY7C167L-35LC 

IDT6167LA35L 

AMD part are unknown. 

All AM99 series parts have 


CY7C162-45LC* 

1DT71982S45L 

CY7C142-55DC 

IDT7142S55C 

2 Volt data retention 

CY7C166L-35LC 

IDT6198L35L 

CY7C167L-35PC 

IDT6167LA35P 

capability. 

An asterisk indicates tf 

CY7C130-55LC 

IDT7130S55L52 

CY7C142-55LC 

IDT7142S55L52 

e IDT part is NOT pin 

CY7C162-45LMB* 

1DT71982S45LB 

CY7C142-55PC 

IDT7142S55P 

for pin compatible. 

CY7C166L-35LMB 

IDT6198L35LB 

CY7C168-25DC 

IDT6168SA25D 


CY7C130-55PC 

CY7C162L-25DC* 

CY7C166L-35PC 

CY7C1 62L-35DC* 

IDT7130S55P 

IDT71982L25C 

IDT6198L35P 

IDT71982L35C 

CY7C171-45LC 

CY7C186-35DC 

CY7C168-25LC 

CY7C171-45LMB 

IDT71681SA45L 

IDT7164S35D 

IDT6168SA25L 

IDT71681SA45LB 
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STATIC RAM CROSS REFERENCE GUIDE 


CYPRESS CONT. 


IDT 


CYPRESS CONT. 


IDT 


CYPRESS CONT. 


IDT 


CY7C186-35PC 

CY7C168-25PC 

CY7C171-45PC 

CY7C186-45DC 

CY7C168-25SC 

CY7C171L-25DC 

CY7C186-45DMB 

CY7C168-35DC 

CY7C171L-25LC 

CY7C186-45PC 

CY7C168-35DMB 

CY7 Cl 71 L-25PC 

CY7C186-55DC 

CY7C168-35LC 

CY7 Cl 71 L-35DC 

CY7C186-55DMB 

CY7C168-35LMB 

CY7C171L-35LC 

CY7C186-55PC 

CY7C168-35PC 

CY7C171L-35PC 

CY7C186L-35DC 

CY7C168-35SC 

CY7C186L-35PC 

CY7C168-45DC 

CY7C172-25DC 

CY7C186L-45DC 

CY7C168-45DMB 

CY7C172-25LC 

CY7C186L-45DMB 

CY7C168-45LC 

CY7C172-25PC 

CY7C186L-45PC 

CY7C168-45LMB 

CY7C172-35DC 

CY7C186L-55DC 

CY7C168-45PC 

CY7C172-35DMB 

CY7C186L-55DMB 

CY7C168-45SC 

CY7C172-35LC 

CY7C1 86L-55PC 

CY7C168L-25DC 

CY7C172-35LMB 

CY7C168L-25LC 

CY7C172-35PC 

CY7C187-25DC 

CY7C1 68L-25PC 

CY7C172-45DC 

CY7C187-25PC 

CY7C1 68L-25SC 

CY7C172-45DMB 

CY7C187-35DC 

CY7C1 68L-35DC 

CY7C172-45LC 

CY7C187-35DMB 

CY7C168L-35LC 

CY7C172-45LMB 

CY7C187-35LC 

CY7C168L-35PC 

CY7C1 72-45PC 

CY7C187-35LMB 

CY7C1 68L-35SC 


IDT7164S35P 

IDT6168SA25P 

IDT71681SA45P 

IDT7164S45D 

IDT6168SA25SO 

IDT71681LA25D 

IDT7164S45DB 

IDT6168SA35D 

IDT71681LA25L 

IDT7164S45P 

IDT6168SA35DB 

IDT71681LA25P 

IDT7164S55D 

IDT6168SA35L 

IDT71681LA35D 

IDT7164S55DB 

IDT6168SA35LB 

IDT71681LA35L 

IDT7164S55P 

IDT6168SA35P 

IDT71681LA35P 

IDT7164L35D 

IDT6168SA35SO 

IDT7164L35P 

IDT6168SA45D 

IDT71682SA25D 

IDT7164L45D 

IDT6168SA45DB 

IDT71682SA25L 

IDT7164L45DB 

IDT6168SA45L 

IDT71682SA25P 

IDT7164L45P 

IDT6168SA45LB 

IDT71682SA35D 

IDT7164L55D 

IDT6168SA45P 

IDT71682SA35DB 

IDT7164L55DB 

IDT6168SA45SO 

IDT71682SA35L 

IDT7164L55P 

IDT6168LA25D 

IDT7 1 682SA35LB 

IDT6168LA25L 

IDT71682SA35P 

IDT7187S25D 

IDT6168LA25P 

IDT71682SA45D 

IDT7187S25P 

IDT6168LA25SO 

IDT71682SA45DB 

1DT7187S35D 

IDT6168LA35D 

IDT71682SA45L 

IDT7187S35DB 

IDT6168LA35L 

IDT71682SA45LB 

IDT7187S35L 

IDT6168LA35P 

IDT71682SA45P 

IDT7187S35LB 

IDT6168LA35SO 


CY7C172L-25DC 

CY7C187-35PC 

CY7C172L-25LC 

CY7C187-45DC 

CY7C169-25DC 

CY7C172L-25PC 

CY7C187-45DMB 

CY7C169-25LC 

CY7C172L-35DC 

CY7C187-45LC 

CY7C169-25PC 

CY7C172L-35LC 

CY7C187-45LMB 

CY7C169-35DC 

CY7C172L-35PC 

CY7C187-45PC 

CY7C169-35DMB 

CY7C187L-25DC 

CY7C169-35LC 

CY7C185-35DC 

CY7C187L-25PC 

CY7C169-35LMB 

CY7C185-35PC 

CY7C187L-35DC 

CY7C169-35PC 

CY7C185-45DC 

CY7C187L-35DMB 

CY7C169-40DC 

CY7C185-45DMB 

CY7C187L-35LC 

CY7C169-40DMB 

CY7C185-45LC 

CY7C187L-35LMB 

CY7C169-40LC 

CY7C185-45LMB 

CY7C1 87L-35PC 

CY7C169-40LMB 

CY7C185-45PC 

CY7C187L-45DC 

CY7C169-40PC 

CY7C185-55DC 

CY7C187L-45DMB 

CY7C169L-25DC 

CY7C185-55DMB 

CY7C187L-45LC 

CY7C169L-25LC 

CY7C185-55LC 

CY7C187L-45LMB 

CY7C169L-25PC 

CY7C185-55LMB 

CY7C187L-45PC 

CY7C1 69L-35DC 

CY7C185-55PC 

CY7C169L-35LC 

CY7C185L-35DC 

CY7C198-45DC 

CY7C169L-35PC 

CY7C185L-35PC 

CY7C198-45PC 

CY7C185L-45DC 

CY7C198-55DC 

CY7C171-25DC 

CY7C185L-45DMB 

CY7C198-55DMB 

CY7C171-25LC 

CY7C185L-45LC 

CY7C198-55PC 

CY7C171-25PC 

CY7C185L-45LMB 

CY7C171-35DC 

CY7C185L-45PC 

CY7C194-35DC 

CY7C171-35DMB 

CY7C185L-55DC 

CY7C194-45DC 


IDT71682LA25D 

IDT7187S35P 

IDT71682LA25L 

IDT7187S45D 

IDT6169SA25D 

IDT71682LA25P 

IDT7187S45DB 

IDT6169SA25L 

IDT71682LA35D 

IDT7187S45L 

IDT6169SA25P 

IDT71682LA35L 

IDT7187S45LB 

IDT6169SA35D 

IDT71682LA35P 

IDT7187S45P 

IDT6169SA35DB 

IDT7187L25D 

IDT6169SA35L 

IDT7164S35D 

IDT7187L25P 

IDT6169SA35LB 

IDT7164S35P 

IDT7187L35D 

IDT6169SA35P 

IDT7164S45D 

IDT7187L35DB 

IDT6169SA35D 

IDT7164S45DB 

IDT7187L35L 

IDT6169SA35DB 

IDT7164S45L28 

IDT7187L35LB 

IDT6169SA35L 

IDT7164S45L28B 

IDT7187L35P 

IDT6169SA35LB 

IDT7164S45P 

IDT7187L45D 

IDT6169SA35P 

IDT7164S55D 

IDT7187L45DB 

IDT6169LA25D 

IDT7164S55DB 

IDT7187L45L 

IDT6169LA25L 

IDT7164S55L28 

IDT7187L45LB 

IDT6169LA25P 

IDT7164S55L28B 

IDT7187L45P 

IDT6169LA35D 

IDT7164S55P 

IDT6169LA35L 

IDT7164L35D 

IDT71256S45D 

IDT6169LA35P 

IDT7164L35P 

IDT71256S45P 

IDT7164L45D 

IDT71256S55D 

IDT71681SA25D 

IDT7164L45DB 

IDT71256S55DB 

IDT71681SA25L 

IDT7164L45L28 

IDT71256S55P 

IDT71681SA25P 

IDT7164L45L28B 

IDT71681SA35D 

IDT7164L45P 

IDT71258S35T 

IDT71681SA35DB 

IDT7164L55D 

IDT71258S45T 


CY7C171-35LC 

CY7C185L-55DMB 

CY7C194-45DMB 

CY7C171-35LMB 

CY7C185L-55LC 

CY7C171-35PC 

CY7C185L-55LMB 

CY7C197-35DC 

CY7C171-45DC 

CY7C185L-55PC 

CY7C197-45DC 

CY7C171-45DMB 

CY7C197-45DMB 


HM1 -2064-2 

HM4-65261C-2 

HM1-65728N-5 

HM1 -2064-5 

HM4-65261C-5 

HM3-65728K-5 

HM1 -2064-8 

HM4-65261C-8 

HM3-65728M-5 

HM3-2064-5 

HM4-65261S-2 

HM3-65728N-5 

HM3-2064U-5 

HM4-65261S-5 

HM4-65728K-5 

HM4-2064-2 

HM4-65261S-8 

HM4-65728M-2 

HM4-2064-5 

HM1-65728M-5 

HM4-2064-8 

HM1 -65263-2 

HM1-65728N-2 

HMT- 2064-5 

HM1 -65263-5 

HM1-65728N-5 

HMT-2064U-5 

HM3-65263-5 

HM4-65263-2 

HM1-65767H-5 

HM1-6116-2 

HM4-65263-5 

HM1-65767K-2 

HM1-6116-5 

HM1-65767K-5 

HM1-6116-8 

HM1-65641-2 

HM1-65767K-8 

HM1-6116L-2 

HM1-65641-5 

HM1-65767M-2 

HM1-6116L-5 

HM1-65641-8 

HM1-65767M-5 

HM1-6116L-8 

HM1-65641S-2 

HM1-65767M-8 

HM3-6116-5 

HM1-65641 S-5 

HM3-65767H-5 

HM3-6116L-5 

HM1-65641S-8 

HM3-65767K-5 

HM4-6116-2 

HM3-65641-5 

HM3-65767M-5 

HM4-6116-5 

HM4-65641-2 

HM4-65767H-5 


IDT71681SA35L 

IDT7164L55DB 

IDT7 1 258S45TB 

IDT71681SA35LB 

IDT7164L55L28 

IDT71681SA35P 

IDT7164L55L28B 

IDT71257S35T 

IDT71681SA45D 

IDT7164L55P 

IDT71257S45T 

IDT71681SA45DB 

IDT71257S45TB 


IDT7164L150DM 

IDT61 67SA1 00LM 

IDT6116SA55D 

IDT7164L70D 

IDT6167SA55L 

IDT6116SA35TP 

IDT7164L150DB 

IDT6167SA100LB 

IDT6116SA45TP 

IDT7164L70P 

IDT6167SA70LM 

IDT6116SA55TP 

IDT7164L70P 

IDT6167SA55L 

IDT6116SA35L24 

IDT7164L150L32M 

IDT6167SA70LB 

IDT6116SA45L24M 

IDT7164L70L32 

IDT6116SA45L24 

IDT7 1 64L1 50L32B 

IDT6167LA55DM 

IDT6116SA55L24M 

IDT7164L70SO 

IDT6167LA45D 

IDT6116SA55L24 

IDT7164L70S0 

IDT6167LA45P 

IDT6167LA55LM 

IDT6167SA25D 

IDT6116SA90DM 

IDT6167LA45L 

IDT6167SA35DM 

IDT6116SA90D 

IDT6167SA35D 

IDT6116SA120DB 

IDT7164L85DM 

IDT6167SA35DB 

IDT6116LA90DM 

IDT7164L55D 

IDT6167SA45DM 

IDT6116LA90D 

IDT7164L85DB 

IDT6167SA45D 

IDT6116LA120DB 

IDT7164L55DM 

IDT6167SA45DB 

IDT6116SA90P 

IDT7164L45D 

IDT6167SA25P 

IDT6116LA90P 

IDT7164L55DB 

IDT6167SA35P 

IDT61 1 6SA90L32M 

IDT7164L55P 

IDT6167SA45P 

IDT61 1 6SA90L32 

IDT7164L85L32M 

IDT6167SA25L 


NOTES: 

A lower case “x" indicates the speed and/or 
package of the part are unknown.” 

*The CY7C161/162 come in a 300 mil package 
vs. 400 mil IDT71 981/982. 


MATRA-HARRIS 


IDT 
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STATIC RAM CROSS REFERENCE GUIDE 


MATRA-HARRIS 

CONT. 

IDT 

MATRA-HARRIS 

CONT. 

IDT 

PERFORMANCE 

CONT. 

IDT 

HM4-6116-8 

IDT61 16SA120L32B 

HM4-65768M-5 

IDT6168SA45L 

P4C168-35LMB 

IDT6168SA35LB 

HM4-65641-5 

IDT7164L55L32 

HM1 -65261 B-2 

IDT6167LA70DM 

P4C1681L-35CMB 

IDT71681LA35DB 

HM4-65767K-2 

IDT6167SA35LM 

HM4-65681C-2 

IDT6168SA85LM 

P4C116-35CC 

IDT6116SA35TD 

HM4-6116L-2 

IDT6116LA90L32M 

HM4-65768M-8 

IDT6168SA45LB 

P4C168-35PC 

IDT6168SA35P 

HM4-65641-8 

IDT7164L85L32B 

HM1 -65261 B-5 

IDT6167LA55D 

P4C1681L-35LC 

IDT71681LA35L 

HM4-65767K-5 

IDT6167SA35L 

HM4-65681C-5 

IDT6168SA55L 

P4C116-35CM 

IDT61 16SA35TDM 

HM4-6116L-5 

IDT6116LA90L32 

HM1-65261B-8 

IDT6167LA70DB 

P4C168-45CM 

IDT6168SA45DM 

HM4-65767K-8 

IDT6167SA35LB 

HM4-65681C-8 

IDT6168SA85LB 

P4C1681L-35LM 

IDT71681LA35LM 

HM1-65681-2 

IDT6168LA85DM 

HM1-65769H-5 

IDT6169SA25D 

P4C116-35CMB 

IDT61 16SA35TDB 

HM4-65767M-2 

IDT6167SA45LM 

HM1-65261C-2 

IDT6167SA100DM 

P4C168-45CMB 

IDT61 68SA45CB 

HM 1-651 61 -2 

IDT6116LA90DM 

HM4-65681S-2 

IDT6168SA70LM 

P4C1681L-35LMB 

IDT71681LA35LB 

HM1-65681-5 

IDT6168LA55D 

HM1-65769K-2 

IDT6169SA35DM 

P4C116-35LC 

IDT61 1 6SA35L24 

HM4-65767M-5 

IDT6167SA45L 

HM1 -65261 C-5 

IDT6167SA55D 

P4C168-45LM 

IDT61 68SA45LM 

HM1-65161-5 

IDT6116LA70D 

HM4-65681S-5 

IDT6168SA55L 

P4C1681L-35PC 

IDT71681LA35P 

HM 1-65681 -8 

IDT6168LA85DB 

HM1-65769K-5 

IDT6169SA35D 

P4C116-35LM 

IDT61 16SA35L24M 

HM4-65767M-8 

IDT6167SA45LB 

HM1 -65261 C-8 

IDT6167SA100DB 

P4C1681L-45CC 

IDT71681LA45D 

HM1-65161-8 

IDT6116LA90DB 

HM4-65681S-8 

IDT6168SA70LB 

P4C116-35LMB 

IDT61 1 6SA35L24B 

HM1 -65681 B-2 

IDT6168LA70DM 

HM1-65769K-8 

IDT6169SA35DB 

P4C168-45LMB 

IDT6168SA45LB 

HM3-65161-5 

IDT6116LA70P 

HM1-65261S-2 

IDT6167SA70DM 

P4C1681L-45CM 

IDT71681LA45DM 

HM1 -65681 B-5 

IDT6168LA55D 

HM1-65769M-2 

IDT6169SA45DM 

P4C116-35PC 

IDT61 1 6SA35TP 

HM1-65768H-5 

IDT6168SA25D 

HM1-65261S-5 

IDT6167SA55D 

P4C168L-20CC 

IDT6168LA20D 

HM4-65161-2 

IDT6116LA90L32M 

HM1 -65682-2 

IDT6168LA55DM 

P4C1681L-45CMB 

IDT71681LA45CB 

HM1 -65681 C-2 

IDT6168SA85DM 

HM1-65769M-5 

IDT6169SA45D 

P4C116L-25CC 

IDT6116LA25TD 

HM1-65768K-2 

IDT61 68SA35D M 

HM 1-65261 S-8 

IDT6167SA70DB 

P4C168L-20LC 

IDT6168LA20L 

HM4-65161-5 

IDT6116LA70L32 

HM1 -65682-5 

IDT6168LA45D 

P4C1681L-45LC 

IDT71681LA45L 

HM1 -65681 C-5 

IDT6168SA55D 

HM1-65769M-8 

IDT6169SA45DB 

P4C116L-25LC 

IDT6116LA25L24 

HM1-65768K-5 

IDT6168SA35D 

HM3-65261-5 

IDT6167LA55P 

P4C168L-20PC 

IDT6168LA20P 

HM4-65161-8 

IDT61 16LA90L32B 

HM 1-65682-8 

IDT6168LA45DB 

P4C1 681 L-45LM 

IDT71681LA45LM 

HM1 -65681 C-8 

IDT6168SA85DB 

HM3-65769H-5 

IDT6169SA25P 

P4C1 1 6L-25PC 

IDT6116LA25TP 

HM1-65768K-8 

IDT6168SA35DB 

HM3-65261B-5 

IDT6167LA55P 

P4C168L-25CC 

IDT6168LA25D 

HM1 -65681 S-2 

IDT6168SA70DM 

HM3-65682-5 

IDT6168LA45P 

P4C1 681 L-45LMB 

IDT71681 LA45LB 

HM1-65768M-2 

IDT6168SA45DM 

HM3-65769K-5 

IDT6169SA35P 

P4C116L-30CC 

IDT6116LA30TD 

HM1-65163-2 

IDT6116LA85DM 

HM3-65261C-5 

IDT6167SA55P 

P4C168L-25CM 

IDT6168LA25DM 

HM1 -65681 S-5 

IDT6168SA55D 

HM4-65682-2 

IDT6168LA55LM 

P4C1681L-45PC 

IDT71681LA45P 

HM1-65768M-5 

IDT6168SA45D 

HM3-65769M-5 

IDT6169SA45P 

P4C116L-30LC 

IDT6116LA30L24 

HM 1-651 63-5 

IDT6116LA55D 

HM3-65261S-5 

IDT6167SA55P 

P4C1 68L-25CMB 

IDT6168LA25DB 

HM1 -65681 S-8 

IDT6168SA70DB 

HM4-65682-5 

IDT6168LA45L 

P4C116L-30PC 

IDT6116LA30TP 

HM1-65768M-8 

IDT6168SA45DB 

HM4-65769H-5 

IDT6169SA25L 

P4C168L-25LC 

IDT6168LA25L 

HM1 -651 63-8 

IDT6116LA85DB 

HM4-65261-2 

IDT6167LA85LM 

P4C1682-20CC 

IDT71682SA20D 

HM3-65681-5 

IDT6168LA55P 

HM4-65682-8 

IDT6168LA55LB 

P4C1 1 6L-35CC 

IDT6116LA35TD 

HM3-65768H-5 

IDT6168SA25P 

HM4-65769K-2 

IDT6169SA35LM 

P4C168L-25LM 

IDT6168LA25LM 

HM3-65163-5 

IDT6116LA45P 

HM4-65261 -5 

IDT6167LA55L 

P4C1682-20LC 

IDT71682SA20L 

HM3-65681B-5 

IDT6168LA55P 

HM4-65769K-5 

IDT6169SA35L 

P4C116L-35CM 

IDT6116LA35TDM 

HM3-65768K-5 

IDT6168SA35P 

HM4-65261-8 

IDT6167LA85LB 

P4C1 68L-25LM B 

IDT6168LA25LB 

HM4-65163-2 

IDT61 16LA55LM 

HM1-65728K-5 

IDT6116SA35D 

P4C1682-20PC 

IDT71682SA20P 

HM3-65681C-5 

IDT6168SA55P 

HM4-65769K-8 

IDT6169SA35LB 

P4C1 1 6L-35CM B 

IDT6116LA35TDB 

HM3-65768M-5 

IDT6168SA45P 

HM4-65261B-2 

IDT6167LA70LM 

P4C168L-25PC 

IDT6168LA25P 

HM4-65163-5 

IDT6116LA45L 

HM1-65728M-2 

IDT6116SA45DM 

P4C1682-25CC 

IDT61 16LA35L24 

HM3-65681S-5 

IDT6168SA55P 

HM4-65769M-2 

IDT6169SA45LM 

P4C168L-35CC 

IDT6168LA35D 

HM4-65768H-5 

IDT6168SA25L 

HM4-65261B-5 

IDT6167LA55L 

P4C1682-25CM 

IDT71 682SA25DM 

HM4-65163-8 

IDT6116LA45LB 

HM1-65728M-5 

IDT6116SA45D 

P4C1 1 6L-35LM 

IDT61 1 6LA35L24M 

HM4-65681-2 

IDT6168LA85LM 

HM4-65769M-5 

IDT6169SA45L 

P4C168L-35CM 

IDT6168LA35DM 

HM4-65768K-2 

IDT6168SA35LMHM 

HM4-65261B-8 

IDT6167LA70LB 

P4C1 682-25CMB 

IDT71 682SA25DB 

4-65681-5 

IDT6168LA55L 

HM1-65728N-2 

IDT6116SA55DM 

P4C116L-35LMB 

IDT61 1 6LA35L24B 

HM4-65768K-5 

HM 1-65261 -2 

IDT6168SA35L 

IDT6167LA85DM 

HM4-65769M-8 

IDT6169SA45LB 

P4C168L-35CMB 

P4C1682-25LC 

IDT6168LA35DB 

IDT71682SA25L 

HM4-65681-8 

HM4-65768K-8 

IDT6168LA85LB 

IDT6168SA35LB 

PERFORMANCE 

IDT 

P4C116L-35PC 

P4C168L-35LC 

IDT6116LA35TP 

IDT6168LA35L 

HM 1-65261 -5 

IDT6167LA55D 

P4C116-25CC 

IDT61 16SA25TD 

P4C1 682-25LM 

IDT71682SA25LM 

HM4-65681B-2 

IDT6168LA70LM 

P4C1 68-3500 

IDT61R8SA35D 

P4C168L-35LM 

IDT6168LA35LM 

HM4-65768M-2 

IDT6168SA45LM 

P4C1681L-25LM 

IDT71681LA25LM 

P4C1682-25LMB 

IDT7 1 682SA25LB 

HM 1-65261 -8 

IDT6167LA85DB 

P4C1 1 6-25LC 

IDT6116SA25L24 

P4C164-30CC 

IDT7164S30TC 

HM4-65681B-5 

NOTES. 

IDT6168LA55L 

P4C168-35CM 

P4C1681L-25LMB 

P4C116-25PC 

IDT6168SA35DM 

IDT71681LA25LB 

IDT6116SA25TP 

P4C168L-35LMB 

P4C1682-25PC 

P4C164-30LC 

IDT6168LA35LB 

IDT71682SA25P 

IDT7164S30L28 

A lower case ”x" indicates the speed and/or 

P4C168-35CMB 

IDT6168SA35DB 

P4C168L-35PC 

IDT6168LA35P 

package of the part are unknown.’ 

P4C1681L-25PC 

IDT71681LA25P 

P4C1 682-35CC 

IDT71682SA35D 

*The CY7C161/162 come in a 300 mil package 

P4C116-30CC 

IDT6116SA30TD 

P4C1 64-30PC 

IDT7164S30TP 

vs. 400 mil IDT71 981/982. 

P4C168-35LC 

P4C1681L-35CC 

P4C1 1 6-30LC 
P4C168-35LM 
P4C1681L-35CM 
P4C116-30PC 

IDT6168SA35L 

IDT71681LA35D 

IDT6116SA30L24 

IDT6168SA35LM 

IDT71681LA35DM 

IDT6116SA30TP 

P4C168L-45CM 

P4C1682-35CM 

P4C164-35CC 

P4C168L-45CMB 

P4C1682-35CMB [ 

P4C164-35CM 

P4C168L-45LM , 

IDT6168LA45DM 

IDT71 682SA35DM 

IDT7164S35TC 

IDT6168LA45CB 

IDT71682SA35DB 

IDT7164S35TCM 

IDT6168LA45LM 
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STATIC RAM CROSS REFERENCE GUIDE 


PERFORMANCE 

CONT. 

IDT 

PERFORMANCE 

CONT. 

IDT 

PERFORMANCE 

CONT. 

IDT 

P4C1682-35LC 

IDT71682SA35L 

P4C164L-45LM 

IDT7164L45L28M 

P4C198L-55LMB 

IDT6198L55LB 

P4C164-35CMB 

IDT7164S35TCB 

P4C1681-45CMB 

IDT71681SA45CB 

P4C187L-2LC 

IDT7187L25L22 

P4C168L-45LMB 

IDT6168LA45LB 

P4C1682L-35CM 

IDT7 1 682LA35D M 

P4C188L-45PC 

IDT7188L45P 

P4C1682-35LM 

IDT71682SA35LM 

P4C164L-45LMB 

IDT7164L45L28B 

P4C187L-30CM 

IDT7187L30CM ; 

P4C164-35LC 

IDT7164S30L28 

P4C1681-45LC 

IDT71681SA45L 

P4C188L-55CM 

IDT7188L55CM 

P4C1682-35LMB 

IDT71682SA35LB 

P4C1682L-35CMB 

IDT71682LA35DB 

P4C1981-25CC 

IDT71981S25C 

P4C164-35LM 

IDT7164S35L28M 

P4C1681-45LM 

IDT71681SA45LM 

P4C187L-30CMB 

IDT7187L30CB 

P4C1681-20CC 

IDT71681SA20D 

P4C1 682L-35LC 

IDT71682LA35L 

P4C188L-55CMB 

IDT7188L55CB 

P4C1682-35PC 

IDT71682SA35P 

P4C168-20CC 

IDT6168SA20D 

P4C1981-25LC 

IDT71981S25L 

P4C1 64-35 LMB 

IDT7164S35L28B 

P4C1681-45LMB 

IDT71681SA45LB 

P4C187L-30LM 

IDT7187L30L22M 

P4C1681-20LC 

IDT71681SA20L 

P4C1 682L-35LM 

IDT71682LA35LM 

P4C188L-55LM 

IDT7188L55LM 

P4C1 682-45CC 

1 DT7 1 682SA45D 

P4C168-20LC 

IDT6168SA20L 

P4C1981-30CC 

IDT71981S30C 

P4C164-35PC 

IDT7164S35TP 

P4C1681-45PC 

IDT71681SA45P 

P4C1 87L-30LM B 

IDT7187L35L22B 

P4C1681-20PC 

IDT71681SA20P 

P4C1 682L-35LM B 

IDT71682LA35LB 

P4C188L-55LMB 

IDT7188L55LB 

P4C1682-45CM 

IDT71682SA45DM 

P4C168-20PC 

IDT6168SA20P 

P4C1981-30CM 

IDT71981S30CM 

P4C164-45CM 

IDT7164S45TCM 

P4C1681L-20CC 

IDT71681LA20D 

P4C187L-35CM 

IDT7187L35CM 

P4C1681-25CC 

IDT71681SA25D 

P4C1682L-35PC 

IDT71682LA35P 

P4C1981-30CMB 

IDT71981S30CB 

P4C1682-45CMB 

IDT71682SA45CB 

P4C168-25CC 

IDT6168SA25D 

P4C187L-35CMB 

IDT7187L35CB 

P4C164-45CMB 

IDT7164S45TCB 

P4C1681L-20LC 

IDT71681LA20L 

P4C198-25CC 

IDT6198S25C 

P4C1681-25CM 

IDT7 1 681 SA25DM 

P4C1682L-45CC 

IDT71682LA45D 

P4C1981-30LC 

IDT71981S30L 

P4C1682-45LC 

IDT71682SA45L 

P4C168-25CM 

IDT6168SA25DM 

P4C187L-35LM 

IDT7187L30L22M 

P4C164-45LM 

IDT7164S45L28M 

P4C1681L-20PC 

IDT71681LA20P 

P4C198-25LC 

IDT6198S25L 

P4C1 681 -25CM B 

IDT71681SA25DB 

P4C1682L-45CM 

IDT71682LA45DM 

P4C1981-30LM 

IDT71981S30LM 

P4C1682-45LM 

IDT71682SA45LM 

P4C168-25CMB 

IDT6168SA25DB 

P4C1 87L-35LM B 

IDT7187L35L22B 

P4C164-45LMB 

IDT7164S45L28B 

P4C1681L-25CC 

IDT71681LA25D 

P4C198-25PC 

IDT6198S25P 

P4C1681-25LC 

IDT71681SA25L 

P4C1 682L-45CM B 

IDT71682LA45CB 

P4C1981-30LMB 

IDT71981S30LB 

P4C1682-45LMB 

IDT71682SA45LB 

P4C168-25LC 

IDT6168SA25L 

P4C198-30CC 

IDT6198S30C 

P4C164L-30CC 

IDT7164L30TC 

P4C1681L-25CM 

IDT71681 LA25DM 

P4C1981-35CC 

IDT71981S35C 

P4C1681-25LM 

IDT71681SA25LM 

P4C1682L-45LC 

IDT71682LA45L 

P4C188-25CC 

IDT7188S25C 

P4C1682-45PC 

IDT71682SA45P 

P4C168-25LM 

IDT6168SA25LM 

P4C198-30CM 

IDT6198S30CM 

P4C1 64L-30LC 

IDT7164L30L28 

P4C1 681 L-25CMB 

IDT71681 LA25DB 

P4C1981 -35CM 

IDT71981S35CM 

P4C1681-25LMB 

IDT71681SA25LB 

P4C1682L-45LM 

IDT71682LA45LM 

P4C188-25LC 

IDT7188S25L 

P4C1682L-20CC 

IDT71682LA20D 

P4C168-25LMB 

IDT6168SA25LB 

P4C198-30CMB 

IDT61 98S30CB 

P4C164L-30PC 

IDT7164L30TP 

P4C1681L-25LC 

IDT71681LA25L 

P4C1981-35CMB 

IDT71981S35CB 

P4C1681-25PC 

IDT71681SA25P 

P4C1682L-45LMB 

IDT71682LA45LB 

P4C188-25PC 

IDT7188S25P 

P4C1682L-20LC 

IDT71682LA20L 

P4C168-25PC 

IDT6168SA25P 

P4C198-30LC 

IDT6198S30L 

P4C164L-35CC 

IDT7164L35TC 

P4C1682L-45PC 

IDT71682LA45P 

P4C1981-35LC 

IDT71981S35L 

P4C1681-35CC 

IDT71681SA35D 

P4C187-25CC 

IDT7187S25C 

P4C1 88-30CC 

IDT7188S30C 

P4C1682L-20PC 

IDT71682LA20P 

P4C188L-35CC 

IDT7188L35C 

P4C198-30LM 

IDT6198S30LM 

P4C164L-35CM 

IDT7164L35TCM 

P4C198L-35LMB 

IDT6198L35L 

P4C1981-35LM 

IDT71981S35LM 

P4C1681-35CM 

IDT71681SA35DM 

P4C187-25PC 

IDT7187S25P 

P4C1 88-30CM 

IDT7188S30CM 

P4C1682L-25CC 

IDT71682LA25D 

P4C188L-35CM 

IDT7188L35CM 

P4C198-30LMB 

IDT6198S30LB 

P4C164L-35CMB 

IDT7164L35TCB 

P4C198L-35PC 

IDT6198L35P 

P4C1981-35LMB 

IDT71981S35LB 

P4C1 681 -35CM B 

IDT71681SA35DB 

P4C187-2LC 

IDT7187S25L22 

P4C188-30CMB 

IDT7188S30CB 

P4C1 682L-25CM 

IDT71682LA25DM 

P4C188L-35CMB 

IDT7188L35CB 

P4C198-30PC 

IDT6198S30PC 

P4C164L-35LC 

IDT7164L30L28 

P4C198L-45CC 

IDT6198L45C 

P4C1981-45C 

IDT71981S45C 

P4C1 681 -35LC 

IDT71681SA35L 

P4C187-30CM 

IDT7187S30CM 

P4C1 88-30LC 

IDT7188S30L 

P4C1 682L-25CM B 

IDT71682LA25DB 

P4C188L-35LC 

IDT7188L35L 

P4C1 98-35CC 

IDT6198S35C 

P4C164L-35LM 

IDT7164L35L28M 

P4C198L-45CM 

IDT6198L45CM 

P4C1981-45CM 

IDT71981S45CM 

P4C1681-35LM 

IDT71681SA35LM 

P4C187-30CMB 

IDT7187S30CB 

P4C188-30LM 

IDT7188S30LM 

P4C1682L-25LC 

IDT71682LA25L 

P4C188L-35LM 

IDT7188L35LM 

P4C198-35CM 

IDT6198S35CM 

P4C1 64L-35LM B 

IDT7164L35L28B 

P4C198L-45CMB 

IDT6198L45CB 

P4C1 981 -45CM B 

IDT71981S45CB 

P4C1681-35LMB 

IDT71681SA35LB 

P4C187-30LM 

IDT71 87S30L22M 

P4C188-30LMB 

IDT7188S30LB 

P4C1682L-25LM 

IDT7 1 682LA25LM 

P4C188L-35LMB 

IDT7188L35LB 

P4C198-35CMB 

IDT6198S35CB 

P4C164L-35PC 

IDT7164L35TP 

P4C198L-45LC 

IDT6198L45L 

P4C1981-45LC 

IDT71981S45L 

P4C1681-35PC 

IDT71681SA35P 

P4C187-30LMB 

IDT7187S35L22B 

P4C188-30PC 

IDT7188S30P 

P4C1 682L-25LM B 

IDT71682LA25LB 

P4C188L-35PC 

IDT7188L35P 

P4C198-35LC 

IDT6198S35L 

P4C164L-45CM 

IDT7 1 64L45TCM 

P4C198L-45LM 

IDT6198L45LM 

P4C1981-45LM 

IDT71981S45LM 

P4C1681 -45CC 

IDT71681SA45D 

P4C187-35CM 

IDT7187S35CM 

P4C188-35CC 

IDT7188S35C 

P4C1682L-25PC 

IDT71682LA25P 

P4C1 88L-45CC 

IDT7188L45C 

P4C198-35LM 

IDT6198S35LM 

P4C1 64L-45CM B 

IDT7 1 64L45TCB 

P4C198L-45LMB 

IDT6198L45LB 

P4C1 981 -45LM B 

IDT71981S45LB 

P4C1681-45CM 

IDT71681SA45DM 

P4C187-35CMB 

IDT7187S35CB 

P4C188-35CM 

IDT7188S35CM 

P4C1 682L-35CC 

IDT71682LA35D 

P4C188L-45CM 

P4C198L-45PC 

IDT7188L45CM 

IDT6198L45P 

P4C198-35LMB 

P4C1981-55CM 

IDT6198S35LB 

IDT71981S55CM 

NOTES: 


P4C187-35LM 

IDT7187S30L22M 

P4C188-35CMB 

IDT7188S35CB 

A lower case “x” indicates the speed and/or 

P4C188L-45CMB 

IDT7188L45CB 

P4C198-35PC 

IDT6198S35P 

package of the part are unknown." 

P4C198L-55CM 

IDT6198L55CM 

P4C1 981-55CMB 

IDT71981S55CB 

*The CY7C161/162 come in a 300 mil package 

P4C187-35LMB 

IDT7187S35L22B 

P4C1 88-35LC 

IDT7188S35L 

vs. 400 mil IDT71981/982. 

P4C188L-45LC 

P4C198L-55CMB 

P4C187L-25CC 

P4C188L-45LM 

P4C198L-55LM 

P4C187L-25PC i 

IDT7188L45L 

IDT6198L55CB 

IDT7187L25C 

IDT7188L45LM 

IDT6198L55LM 

IDT7187L25P 

P4C198-45CC 

P4C1981-55LM 

P4C188-35LM 

P4C198-45CM 

P4C1981-55LMB 

P4C188-35LMB 

IDT6198S45C 

IDT71981S55LM 

IDT7188S35LM 

IDT6198S45CM 

IDT71981S55LB 

IDT7188S35LB 



P4C188L-45LMB 

IDT7188L45LB 

P4C198-45CMB 

IDT6198S45CB 
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STATIC RAM CROSS REFERENCE GUIDE 


PERFORMANCE 

CONT. 

IDT 

PERFORMANCE 

CONT. 

IDT 

PERFORMANCE 

CONT. 

IDT 

P4C1981L-25CC 

IDT71981L25C 

P4C198L-35LM 

IDT6198L35LM 

P4C1 98AL-45CC 

IDT7198L45C 

P4C188-35PC 

IDT7188S35P 

P4C1 981 L-55LM B 

IDT71981L55LB 

P4C1982L-25LC 

IDT71982L25L 

P4C198-45LC 

IDT6198S45L 

P4C1982-25CC 

IDT71982S25C 

P4C198A-35CM 

1DT7198S35CM 

P4C1981L-25LC 

IDT71981L25L 

P4C1982L-35LC 

IDT71982L35L 

P4C198AL-45CM 

IDT7198L45CM 

4C188-45CC 

IDT7188S45C 

P4C198A-45LM 

IDT7198S45LM 

P4C1982L-30CC 

IDT71982L30C 

P4C198-45LM 

IDT6198S45LM 

P4C1982-25LC 

IDT71982S25L 

P4C1 98A-35CMB 

IDT7198S35CB 

P4C1981L-30CC 

IDT71981L30C 

P4C1982L-35LM 

IDT71982L35LM 

P4C1 98AL-45CM B 

IDT7198L45CB 

P4C188-45CM 

IDT7188S45CM 

P4C198A-45LMB 

IDT7198S45LB 

P4C1982L-30CM 

IDT71982L30CM 

P4C198-45LMB 

IDT6198S45LB 

P4C1982-30CC 

IDT71982S30C 

P4C198A-35LC 

IDT7198S35L 

P4C1981L-30CM 

IDT71981L30CM 

P4C1982L-35LMB 

IDT71982L35LB 

P4C198AL-45LC 

IDT7198L45L 

P4C188-45CMB 

IDT7188S45CB 

P4C198A-45PC 

IDT7198S45P 

P4C1 982L-30CMB 

IDT71982L30CB 

P4C198-45PC 

IDT6198S45P 

P4C1982-30CM 

IDT71982S30CM 

P4C198A-35LM 

IDT7198S35LM 

P4C1981 L-30CMB 

IDT71981L30CB 

P4C1982L-45CC 

IDT71982L45C 

P4C1 98AL-45LM 

IDT7198L45LM 

P4C188-45LC 

IDT7188S45L 

P4C198A-55CM 

IDT7198S55CM 

P4C1 982L-30LC 

IDT71982L30L 

P4C198-55CM 

IDT6198S55CM 

P4C1982-30CMB 

IDT71982S30CB 

P4C198A-35LMB 

IDT7198S35LB 

P4C1981L-30LC 

IDT71981L30L 

P4C1982L-45CM 

IDT71982L45CM 

P4C1 98AL-45LMB 

IDT7198L45LB 

P4C188-45LM 

IDT7188S45LM 

P4C198A-55CMB 

IDT7198S55CB 

P4C1 982L-30LM 

IDT7 1 982L30LM 

P4C198-55CMB 

IDT6198S55CB 

P4C1982-30LC 

IDT71982S30L 

P4C198A-35PC 

IDT7198S35P 

P4C1981L-30LM 

IDT71981L30LM 

P4C1 982L-45CM B 

IDT71982L45CB 

P4C198AL-45PC 

IDT7198L45P 

P4C188-45LMB 

IDT7188S45LB 

P4C198A-55LM 

IDT7198S55LM 

P4C1 982L-30LM B 

IDT71982L30LB 

P4C198-55LM 

IDT6198S55LM 

P4C1982-30LM 

IDT71982S30LM 

P4C198A-45CC 

IDT7198S45C 

P4C1981L-30LMB 

IDT71981L30LB 

P4C1982L-45LC 

IDT71982L45L 

P4C1 98AL-55CM 

IDT7198L55CM 

P4C188-45PC 

IDT7188S45P 

P4C198A-55LMB 

IDT7198S55LB 

P4C1 982L-35CC 

IDT71982L35C 

P4C198-55LMB 

IDT6198S55LB 

P4C1982-30LMB 

IDT71982S30LB 

P4C198A-45CM 

IDT7198S45CM 

P4C1981L-35CC 

IDT71981L35C 

P4C1982L-45LM 

IDT71982L45LM 

P4C198AL-55CMB 

IDT7198L55CB 

P4C188-55CM 

IDT7188S55CM 

P4C198AL-25CC 

IDT7198L25C 

P4C1982L-35CM 

IDT71982L35CM 

P4C198L-25CC 

IDT6198L25C 

P4C1982-35CC 

IDT71982S35C 

P4C198A-45CMB 

IDT7198S45CB 

P4C1981L-35CM 

IDT71981L35CM 

P4C1 982L-45LM B 

IDT71982L45LB 

P4C1 98AL-55LM 

IDT7198L55LM 

P4C188-55CMB 

IDT7188S55CB 

P4C1 98AL-25LC 

IDT7198L25L 

P4C1 982L-35CMB 

IDT71982L35CB 

P4C198L-25LC 

IDT6198L25L 

P4C1982-35CM 

IDT71982S35CM 

P4C1 98A-45LC 

IDT7198S45L 

P4C1 981 L-35CM B 
P4C188-55LM 

IDT71981L35CB 

IDT7188S55LM 

P4C1982L-55CM 

P4C1 98AL-25PC 

IDT71982L55CM 

IDT7198L25P 

P4C1 98AL-55LM B 

IDT7198L55LB 

P4C198L-25PC 

P4C1981L-35LC 

IDT6198L25P 

IDT71981L35L 

P4C1 982-35CM B 
P4C1982L-55CMB 

IDT71982S35CB 

IDT71982L55CB 

FUJITSU 

IDT 

P4C188-55LMB 

IDT7188S55LB 

P4C1 98AL-30CC 

IDT7198L30C 

MB81C67-35 

IDT6167SA35P 

P4C198L-30CC 

IDT6198L30C 

P4C1982-35LC 

IDT71982S35L 

M B81 C69A-25C 

IDT6169SA25L 

P4C1 981 L-35LM 

IDT71981L35LM 

P4C1982L-55LM 

IDT71982L55LM 

MR81C78-45 

IHT71 R4R45P 

P4C188L-25CC 

IDT7188L25C 

P4C198AL-30CM 

IDT7198L30CM 

MRS 1057 45 

IDT6167SA45P 

P4C198L-30CM 

IDT6198L30CM 

P4C1982-35LM 

IDT7 1 982S35LM 

MR810S9A-25P 

IDT6169SA25P 

P4C1 981 L-35LM B 

IDT71981L35LB 

P4C1982L-55LMB 

IDT71982L55LB 

MB81C78-55 

IDT7164S55P 

P4C188L-25LC 

IDT7188L25L 

P4C198AL-30CMB 

IDT7198L30CB 

MB81C67-45-W 

IDT61fi7RA45yM 

P4C198L-30CMB 

IDT6198L30CB 

P4C1982-35LMB 

IDT71982S35LB 

M B81 C69A-25Z 

IDT6169SA25D 

P4C1 981 L-45CC 

IDT71981L45C 

P4C1 98AL-30LC 

IDT7198L30L 

M R81 078-70 

IOT71B4R7nP 

P4C188L-25PC 

IDT7188L25P 

P4C1982-45CC 

IDT71982S45C 

MB81C67-55 

IDT6167SA55P 

P4C198L-30LC 

IDT6198L30L 

P4C198A-25CC 

IDT7198S25C 

MB81C69A-30C 

IDT6169SA25L 

P4C1981L-45CM 

IDT71981L45CM 

P4C198AL-30LM 

IDT7198L30LM 

MB81C67-55-W 

IDT6167SA55xM 

P4C188L-30CC 

IDT7188L30C 

P4C1982-45CM 

IDT71982S45CM 

MB81C69A-30P 

IDT6169SA25P 

P4C198L-30LM 

IDT6198L30LM 

P4C198A-25LC 

IDT7198S25L 

M B81 C78A-35CV 

IDT7164S35L22 

P4C1 981 L-45CM B 

IDT71981L45CB 

P4C1 98AL-30LM B 

IDT7198L30LB 

MR81HR9A 307 

IOT6169SA25D 

P4C188L-30CM 

IDT7188L30CM 

P4C1 982-45CM B 

IDT71982S45CB 

MB81C78A-35P 

1DT7164S35P 

P4C1 98L-30LM B 

IDT6198L30LB 

P4C198A-25PC 

IDT7198S25P 

MB81C68-35C 

IDT6168SA35L 

P4C1981L-45LC 

IDT71981L45L 

P4C198AL-30PC 

IDT7198L30P 

MB81C69A-35C 

IDT6169SA35L 

P4C188L-30CMB 

IDT7188L30CB 

P4C1982-45LC 

IDT71982S45L 

MB81C78A-35PF 

IDT7164S35SO 

P4C198L-30PC 

IDT6198L30P 

P4C198A-30CC 

IDT7198S30C 

MRaiCfia 35 p 

mT6168SA35P 

P4C1981L-45LM 

IDT71981L45LM 

P4C198AL-35CC 

IDT7198L35C 

MB81C69A-35P 

IDT6169SA35P 

P4C188L-30LC 

IDT7188L30L 

P4C1982-45LM 

IDT71982S45LM 

MR81 058-357 

IDT6168SA35D 

P4C198L-35CC 

IDT6198L35C 

P4C198A-30CM 

IDT7198S30CM 

MB81C69A-35Z 

IDT6169SA35D 

P4C1981L-45LMB 

IDT71981L45LB 

P4C198AL-35CM 

IDT7198L35CM 

MRR41RA 1?x 

IDTR11RI A$0P 

P4C188L-30LM 

IDT7188L30LM 

P4C1982-45LMB 

IDT71982S45LB 

M R81 C68-45-W 

IDT6168SA45xM 

P4C198L-35CM 

IDT6198L35CM 

P4C198A-30CMB 

IDT7198S30CB 

MB8416A-12X 

IDT6116LA90D 

P4C1981L-55CM 

IDT71981L55CM 

P4C198AL-35CMB 

IDT7198L35CB 

MRR1068 450 

IDT6168SA45L 

P4C1 88L-30LM B 

IDT7188L30LB 

P4C1982-55CM 

IDT71982S55CM 

MR81 £271-35 

IDT7187S35P 

P4C198L-35CMB 

IDT6198L35CB 

P4C198A-30LC 

IDT7198S30L 

MB8416A-12X 

IDT6116LA90TP 

P4C1 981 L-55CM B 

IDT71981L55CB 

P4C198AL-35LC 

IDT7198L35L 

MR8lCfi8-4RP 

1DT61 68SA48P 

P4C188L-30PC 

IDT7188L30P 

P4C1982-55CMB 

IDT71982S55CB 

MB81C71-45C 

IDT7187S45L22 

P4C198L-35LC 

IDT6198L35L 

P4C198A-30LM 

IDT7198S30LM 

MB81C68-45Z 

IDT6168SA45D 

P4C1981L-55LM 

NOTES: 

IDT71981L55LM 

P4C198AL-35LM 

P4C1982-55LM 

P4C198A-30LMB 

IDT7198L35LM 

IDT71982S55LM 

IDT7198S30LB 

MB81C71-45Z 

MB84256-10 

MB81C68-55-W 

IDT7187S45D 

IDT71256L70L 

IDT6168SA55xM 

A lower case “x” indicates the speed and/or 

P4C1 98AL-35LM B 

IDT7198L35LB 

MB81C71-55C 

IDT7187S55L22 

package of the part are unknown.” 

P4C1982-55LMB 

IDT71982S55LB 

MB84256-10 

IDT71256L70P 

*The CY7C161/162 come in a 300 mil package 

P4C198A-30PC 

IDT7198S30P 

MB81C71-55Z 

IDT7187S55D 

vs. 400 mil IDT71 981/982. 

P4C198AL-35PC 

P4C1 982L-25CC 
P4C198A-35CC 

IDT7198L35P 

IDT71982L25C 

IDT7198S35C 

MB84256-10 

MB81C68A-25C 

IDT71256L70SO 

IDT6168SA25L 


1-19 















STATIC RAM CROSS REFERENCE GUIDE 


FUJITSU CONT. 

IDT 

HARRIS CONT. 

IDT 

HITACHI CONT. 

IDT 

MB81C68A-25P 

IDT6168SA25P 

HM1 -65642-8 

IDT7164L150DB 

HM6789 

IDT6198S25C 

MB81C74-25X 

IDT7188S25X 

HM1-65162C-8 

IDT6116SA90DB 

HM6268LP-35 

IDT6168LA35P 

MB8464-15-W 

IDT7164S150DM 

HM4-65642-8 

IDT7164L150L32B 

HM6789-30 

IDT6198S30C 

MB81C68A-25Z 

IDT6168SA25D 

HM1 -65262-8 

IDT6167SA70DB 

HM6268P-25 

IDT6168SA25P 

MB81C74-35X 

IDT7188S35X 

HM1-65262B-8 

IDT6167SA70DB 

HM6268P-35 

IDT6168SA35P 







MB81C68A-30C 

IDT6168SA25L 

HITACHI 

IDT 

INMOS 

IDT 

MB8464-20-W 

IDT7164S200DM 





MB81C68A-30P 

IDT6168SA25P 

HM6116-2 

IDT6116SA90D 

IMS1400P-35 

IDT6167SA35P 

MB81C75-35 

IDT7198S35P 

HM62256LFP-10SL 

IDT71256L70P 

IMS1420W-45 

IDT6168SA45L 

MB8464-20-W 

IDT7164S200L32M 

HM6287CG-45 

IDT7187S45L 

IMS1600W-70 

IDT7187S70L 

MB81C68A-30Z 

IDT6168SA25D 

HM6116FP-2 

IDT6116SA90F 

IMS1400P-45 

IDT6167SA45P 

MB81C75-45 

IDT7198S45P 

HM62256LFP-8 

IDT71256L70SO 

IMS1420W-55 

IDT6168SA55L 

MB81C68A-35C 

IDT6168SA35L 

HM6287CG-55 

IDT7187S55L 

IMS1600W-70M 

IDT7187S70LB 

MB81C75-55 

IDT7198S55P 

HM6116LFP-2 

IDT6116LA90SO 

IMS1400P-55 

IDT6167SA55P 

MB8464A-10-W 

IDT7164L100DM 

HM62256LP-10SL 

IDT71256L70P 

IMS1420W-55M 

IDT6168SA55LB 

MB81C68A-35P 

IDT6168SA35P 

HM6287CG-70 

IDT7187S70L 

IMS1400P-70L 

IDT6167LA55P 

MB8464A-10-W 

IDT7164L100L32M 

HM6116LP-2 

IDT6116LA90P 

IMS1420W-70M 

IDT6168SA70LB 

MB81C68A-35Z 

IDT6168SA35D 

HM62256LP-8 

IDT71256L70P 

IMS1601S-55 

IDT7187L55C 

MB81C81 -45 

IDT71257S45P 

HM6287LP-45 

IDT7187L45P 

IMS1400S-45 

IDT6167SA45D 

MB8464A-15-W 

IDT7164L150DM 

HM6116P-2 

IDT6116SA90P 

IMS1601S-70 

IDT7187L70C 

MB81C81-55 

IDT71257S55P 

HM62256P-8 

IDT71256S70P 

IMS1400S-45M 

IDT6167SA45DB 

MB8464A-15-W 

IDT7164L150L32M 

HM6287LP-55 

IDT7187L55P 

IMS1421S-40 

IDT71681SA35C 

MB8464A-70X 

IDT7164L70L32 

HM6287LP-70 

IDT7187L70P 

IMS1601W-55 

IDT7187L55L 

MB81C84-45 

IDT71258S45P 

HM6116ALP-12 

IDT6116LA90P 

IMS1400S-55 

IDT6167SA55D 

MB8464A-70X 

IDT7164L70P 

HM6264FP-10 

IDT7164S70SO 

IMS1421S-50 

IDT71681SA45C 

MB81C84-55 

IDT71258S55P 

HM6287P-45 

IDT7187S45P 

IMS1601W-70 

IDT7187L70L 

MB8464A-70X 

IDT7164L70SO 

HM6116ALSP-12 

IDT6116LA90TP 

IMS1400S-55M 

IDT6167SA55DB 



HMB264LFP-10 

IDT7164L70SO 

IMS1421W-40 

IDT71681SA35L 

FAIRCHILD 

IDT 

HM6287P-55 

IDT7187S55P 

IMS1400S-70M 

IDT6167SA70DB 



HM6116AP-12 

IDT6116LA90P 

IMS1421W-50 

IDT71681SA45L 

F1600DC45 

IDT7187S45C 

HM6264LFP-10L 

IDT7164L70SO 

IMS1620S-45 

IDT7188S45C 

F1600DMQB70 

IDT7187S70CB 

HM6287P-70 

IDT7187S70P 

IMS1400W-35 

IDT6167SA35L 

F1601DC70 

IDT7187L70C 

HM6116ASP-12 

IDT6116LA90TP 

IMS1620S-55 

IDT7188S55C 

F1600LC45 

IDT7187S45L 

HM6264LP-10 

IDT7164L70P 

IMS1400W-45 

IDT6167SA45L 

F1600LC70 

IDT7187S70L 

HM6264LP-10L 

IDT7164L70P 

IMS1423P-25 

IDT6168SA25P 

F1601DMQB55 

IDT7187L55CB 

HM 6288 P-35 

IDT7188S35P 

IMS1620S-55M 

IDT7188S55CB 

F1600DC55 

IDT7187S55C 

HM6167H-45 

IDT6167SA45D 

IMS1400W-45M 

IDT6167SA45LB 

F1600LMQB70 

IDT7187S70LB 

HM6264LP-10SL 

IDT7164L70P 

IMS1423P-35 

IDT6168SA35P 

F1601DMQB70 

IDT7187L70CB 

HM6288P-45 

IDT7188S45P 

IMS1620S-70 

IDT7188S70C 

F1600DMQB55 

IDT7187S55CB 

HM6167H-55 

IDT6167SA55D 

IMS1400W-55 

IDT6167SA55L 

F1601LC55 

IDT7187L55L 

HM6264P-10 

IDT7164S70P 

IMS1423P-45 

IDT6168SA45P 

F1600LC55 

IDT7187S55L 

HM6288P-55 

IDT7188S55P 

IMS1620S-70M 

IDT7188S70CB 

F1601DC45 

IDT7187L45C 

HM6167HCG-45 

IDT6167SA45L 

IMS1400W-55M 

IDT6167SA55LB 

F1601LC70 

IDT7187L70L 

HM6167HCG-55 

IDT6167SA55L 

IMS1423S-25 

IDT6168SA25D 

F1600LMQB55 

IDT7187S55LB 

HM6264AFP-12 

IDT7164S70SO 

IMS1400W-70M 

IDT6167SA70LB 

F1601LC45 

IDT7187L45L 

HM65256AP-12 

IDT71256S70P 

IMS1423S-35 

IDT6168SA35D 

F1601LMQB55 

IDT7187L55LB 

HM6167HLP-45 

IDT6167LA45P 

IMS1624S-45 

IDT7198S45C 

F1600DC70 

IDT7187S70C 

HM6264ALFP-12 

IDT7164L70SO 

IMS1423S-35M 

IDT6168SA35DB 

F1601DC55 

IDT7187L55C 

HM6167HLP-55 

IDT6167LA55P 

IMS1624S-55 

IDT7198S55C 

F1601LMQB70 

IDT7187L70LB 

HM6264ALSP-12 

IDT7164L70TC 

IMS1403P-25 

IDT6167SA25P 



HM6716 

IDT61 1 6SA25TD 

IMS1423S-45 

IDT6168SA45D 

HARRIS 

IDT 

HM6167HP-45 

IDT6167SA45P 

IMS1624S-55M 

IDT7198S55CB 



HM6264ASP-1? 

inT7l64^70TC 

IMS1403P 

IDT6167-SA35P 

HM1-6516B-8 

IDT6116SA120DB 

HM6716-30 

IDT6116SA30TD 

IMS1423S-45M 

IDT6168SA45DB 

HM1-65162S-5 

IDT6116LA55D 

HM6167HP-55 

IDT6167SA55P 

IMS1624S-70 

IDT7198S70C 

HM4-65262-8 

IDT6167SA70LB 

HM6267CG-35 

IDT6167SA35L 

IMS1403P-45 

IDT6167SA45P 

HM4-65162-8 

IDT6116LA90DB 

HM6787 

IDT7187S25C 

IMS1423S-55M 

IDT6168SA55LB 

HM4-65262B-8 

IDT6167SA70LB 

HM6168H-45 

IDT6168SA45D 

IMS1624S-70M 

IDT7198S70CB 

HM1 -651 62-8 

IDT6116LA90DB 

HM6267CG-45 

IDT6167SA45L 

IMS1403P-55 

IDT6167SA55P 

HM4-65162C-8 

IDT6116SA90LB 

HM6787-30 

IDT7187S230C 

IMS1423W-25 

IDT6168SA25L 

HM1-65162B-8 

IDT6116LA70DB 

HM6168H-55 

IDT6168SA55D 

IMS1624W-45 

IDT7198S45L 

HM4-65162S-5 

IDT6116LA55L 

HM6267LP-35 

IDT6167LA35P 

IMS1403S-25 

IDT61 67SA25D 



HM6787CG 

IDT7187S25L22 

IMS1423W-35 

IDT6168SA35L 

NOTES: 


HM6168HLP-45 

IDT6168LA45P 

IMS1624W-55 

IDT7198S55L 

A lower case "x" indicates the speed and/or 

HM6267LP-45 

IDT6167LA45P 

IMS1403S-35 

IDT6167SA35D 

package of the part are unknown.' 

HM6787CG-30 

IDT7187S30L22 

IMS1423W-35M 

IDT6168SA35LB 

•The CY7C161/162 come in a 300 mil package 

HM6168HLP-55 

IDT6168LA55P 

IMS1624W-55M 

IDT7198S55LB 

vs. 400 mil IDT71 98 1/982. 

HM6267P-35 

IDT6167SA35P 

IMS1403S-45 

IDT6167SA45D 



HM6168HP-45 

IDT6168SA45P 

IMS1423W-45 

IDT6168SA45L 



HM6267P-45 

IDT6167SA45P 

IMS1624W-70 

IDT7198S70L 



HM6788 

IDT7188S25C 

IMS1403S-55 

IDT6167SA55D 



HM6168HP-55 

IDT6168SA55P 

IMS1423W-45M 

IDT6168SA45LB 



HM6268LP-25 

IDT6168LA25P 

IMS1624W-70M 

IDT7198S70LB 
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STATIC RAM CROSS REFERENCE GUIDE 


INMOS CONT. 

IDT 

IMS1403W-25 

IDT6167SA25L 

IMS1423W-55M 

IDT6168SA55LB 

IMS1403W-35 

IDT6167SA35L 

IMS1630S-45 

IDT7164S45D 

IMS1403W-45 

IDT6167SA45L 

IMS1433X-35 

IDT6116SA35 

IMS1630S-55 

IDT7164S55D 

IMS1403W-55 

IDT6167SA55L 

IMS1630S-70 

IDT7164S70D 

IMS1600S-45 

IDT7187S45C 

IMS1420P-45 

IDT6168SA45P 

IMS1600S-55 

IDT7187S55C 

IMS1800x-35 

IDT71257S35X 

IMS1420P-55 

IDT6168SA55P 

IMS1600S-55M 

IDT7187S55CB 

IMS1420P-70L 

IDT6168LA55P 

IMS1600S-70 

IDT7187S70C 

IMS1820P-35 

IDT71258S35P 

IMS1420S-45 

IDT6168SA45D 

IMS1600S-70M 

IDT7187S70CB 

IMS1820P-45 

IDT71258S45P 

IMS1420S-55 

IDT6168SA55D 

IMS1600W-45 

IDT7187S45L 

IMS1820P-55 

IDT71258S55P 

IMS1420S-55M 

IDT6168SA55DB 

IMS1600W-55 

IDT7187S55L 

IMS1420S-70M 

IDT6168SA70DB 

IMS1600W-55M 

IDT7187S55LB 

IMS1830X-45 

IDT71256S45X 

MITSUBISHI 

IDT 

M5M21C67P-35 

IDT6167LA35P 

M5M5178P-45 

IDT7164L45P 

M5M5188AP-25 

IDT7188L25P 

M5M21C67P-45 

IDT6167LA45P 

M5M5178P-55 

IDT7164L55P 

M5M5188AP-35 

IDT7188L35P 

M5M21 C67P-55 

IDT6167LA55P 

M5M5188P-45 

IDT7188L45P 

M5M5187AD-25 

IDT7187L25L22 

M5M5188P-55 

IDT7188L55P 

M5M21 C68P-35 

IDT6168LA35P 

M5M5187AD-35 

IDT7187L35L22 

M5M21C68P-45 

IDT6168LA45P 

M5M5187AP-25 

IDT7187L25P 

M5M5257P-35 

IDT71257S35P 

M5M21C68P-55 

IDT6168LA55P 

M5M5187AP-35 

IDT7187L35P 

M5M5257P-45 

IDT71257S45P 

M5M5187P-45 

IDT7187L45P 

M5M5257P-55 

IDT71257S55P 

M5M5165FP-70 

IDT7164S70SO 

M5M5187P-55 

IDT7187L55P 

M5M5165FP-70L 

IDT7164L70SO 

M5M5258P-35 

IDT71258S35P 

M5M5188AD-25 

IDT7188L25L22 

M5M5258P-45 

IDT71258S45P 

M5M5188AD-35 

IDT7188L35L22 

M5M5258P-55 

IDT71258S55P 

MOTOROLA 

IDT 

MCM2016P45 

IDT6116SA45P 

MCM6168P35 

IDT6168SA35P 

MCM6287P35 

IDT7187S35P 

MCM2016P55 

IDT6116SA55P 

MCM6168P45 

IDT6168SA45P 

MCM6287P45 

IDT7187S45P 


MOTOROLA 


NOTES: 

A lower case “x" indicates the speed and/or 
package of the part are unknown." 

*The CY7C161/162 come in a 300 mil package 
vs. 400 mil IDT71 981/982. 


MCM2016P70 

MCM6168P55 

MCM6287P25 

MCM6168P70 

MCM2167P45 

MCM6288P25 

MCM2167P55 

MCM6268P25 

MCM6288P35 

MCM2167P70 

MCM6268P35 

MCM6288P45 

MCM6268P45 

MCM6164P45 

MCM6268P55 

MCM6164P55 

MCM6164P70 


5PD4311C-35 

5PD43256G-10 

5PD4362C-45 

5PD4311C-45 

5PD43256G-10L 

5PD4362C-55 

5PD4311C-55 

5PD4362C-70 

5PD431 ID-35 

5PD4361 C-45 

5PD431 ID-45 

5PD4361C-45L 

5PD4364C-12 

5PD431 ID-55 

5PD4361 C-55 

5PD4364C-12L 

5PD4361C-55L 

5PD4364G-12 

5PD4314C-35 

5PD4361C-70 

5PD4364G-12L 

5PD4314C-45 

5PD4361 C-70L 

5PD4314C-55 

5PD4361 K-40 

5PD446C 

5PD4361K-45 

5PD43256C-10 

5PD4361 K-55 

5PD4464C-X 

5PD43256C-10L 

5PD4464G-X 


SARATOGA 


SSM61 16-25 

SSM6171-20 

SSM71 62-25 

SSM6116L-25 

SSM6171-25 

SSM7162L-25 

SSM6171L-20 

SSM61 67-20 

SSM6171L-25 

SSM7164-25 

SSM61 67-25 

SSM7164L-25 

SSM6167L-20 

SSM61 72-20 

SSM6167L-25 

SSM61 72-25 

SSM71 87-25 

SSM6172L-20 

SSM7187L-25 

SSM61 68-20 


IDT6116SA70P 

IDT6168SA55P 

IDT7187S25P 

IDT61 68SA70P 

IDT6167SA45P 

IDT7188S25P 

IDT6167SA55P 

IDT6168SA25P 

IDT7188S35P 

IDT6167SA70P 

IDT6168SA35P 

IDT7188S45P 

IDT6168SA45P 

IDT7164S45P 

IDT6168SA55P 

IDT7164S55P 

IDT71 64S70P 


IDT6167SA35P 

IDT71256S70SO 

IDT7188SA45P 

IDT6167SA45P 

IDT71256L70SO 

IDT7188SA55P 

IDT6167SA55P 

IDT7188SA70P 

IDT6167SA35D 

IDT7187S45P 

IDT61 67SA45D 

IDT7187L45P 

IDT7164S70P 

IDT61 67SA55D 

IDT7187S55P 

IDT7164L70P 

IDT7187L55P 

IDT7164S70SO 

IDT6168SA35P 

1DT7187S70P 

IDT7164L70SO 

IDT6168SA45P 

IDT7187L70P 

IDT6168SA55P 

IDT7187S35L22 

IDT6116LA70P 

IDT7187S45L22 

IDT71256S70P 

IDT7187S55L22 

IDT7164L70P 

1DT71256L70P 

IDT7164L70SO 


IDT6116SA25TD 

IDT71681S20D 

IDT71982S25C 

IDT6116LA25TD 

IDT71681S25D 

IDT71982L25C 

IDT71681L20D 

IDT6167SA20D 

IDT71681L25D 

IDT7164S25TC 

IDT6167SA25D 

IDT7164L25TC 

IDT61 67LA20D 

IDT71682S20D 

IDT6167LA25D 

IDT71682S25D 

IDT7187S25C 

IDT71682L20D 

IDT7187L25C 

IDT6168SA20D 


SARATOGA CONT. 

IDT 

SSM6172L-25 

IDT71682L25D 

SSM61 68-25 

IDT6168SA25D 

SSM71 88-25 

IDT7188S25C 

SSM6168L-20 

IDT6168LA20D 

SSM7161-25 

IDT71981S25C 1 

SSM7188L-25 

IDT7188L25C 

SSM6168L-25 

IDT6168LA25D 

SSM7161L-25 

IDT71981L25C 

SSM7198-25 

IDT7198S25C 

SSM7198L-25 

IDT7198L25C 

SONY 

IDT 

CXK5416P-35 

IDT6168LA35P 

CXK5814P-35 

IDT6116LA35TP 

CXK58256P-10 

IDT71256L70P 

CXK5416P-45 

IDT6168LA45P 

CXK5814P-45 

IDT6116LA45TP 

CXK58256M-10 

IDT71256L70SO 

CXK5416P-55 

IDT6168LA55P 

CXK5814P-55 

IDT6116LA55TP 

CXK5864AP-70L 

IDT7164L70P 

CXK5464P-45 

IDT7188L45P 

CXK5818PN-10 

IDT6116L90P 

CXK5864AM-70L 

IDT7164L70SO 

CXK5464P-55 

IDT7188L55P 

CXK5818M-10 

IDT6116L90SO 

CXK5464P-70 

IDT7188L70P 

CXK5865P-45L 

IDT7164L45P 

CXK5865P-55L 

IDT7164L55P 

VITELIC 

IDT 

V61C16P35 

IDT6116SA35P 

V61C34P90 

IDT71322S90P 

V61C67P35 

IDT6167SA35P 

V61C16P35L 

IDT6116LA35P 

V61C67P35L 

IDT6167LA35P 

V61C16P45 

IDT6116SA45P 

V61C62P45 

IDT7188S45P 

V61C67P45 

IDT6167SA45P 

V61C16P45L 

IDT6116LA45P 

V61C62P45L 

IDT7188L45P 

V61C67P45L 

IDT6167LA45P 

V61C16P55 

IDT6116SA55P 

V61C62P55 

IDT7188S55P 

V61C67P55 

IDT6167SA55P 

V61C16P55L 

IDT6116LA55P 

V61 C62P55L 

IDT7188L55P 

V61C67P55L 

IDT6167LA55P 

V61C16S35 

IDT6116SA35TP 

V61C62P70 

IDT7188S70P 

V61C16S35L 

IDT6116LA35TP 

V61 C62P70L 

IDT7188L70P 

V61C68P35 

IDT6168SA35P 

V61C16S45 

IDT6116SA45TP 

V61C68P35L 

IDT6168LA35P 

V61C16S45L 

IDT6116LA45TP 

V61C64P45 

IDT7164S45P 

V61C68P45 

IDT6168SA45P 

V61C16S55 

IDT6116SA55TP 

V61C64P45L 

IDT7164L45P 

V61C68P45L 

IDT6168LA45P 

V61C16S55L 

IDT6116LA55TP 

V61C64P55 

ID77164S55P 

V61C68P55 

IDT6168SA55P 

V61C64P55L 

IDT7164L55P 

V61C68P55L 

IDT6168LA55P 

V61C32P70 

IDT7132SA70P 

V61C64P70 

IDT7164S70P 

V61C32P70L 

IDT7132LA70P 

V61C64P70L 

IDT7164L70P 

V61C32P90 

IDT7132SA90P 

V61 C32P90L 

IDT7132LA90P 
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STATIC RAM CROSS REFERENCE GUIDE 


VTI 

IDT 

VT16H4-35 

IDT71981-35 

VT20C69-20 

IDT6169SA20P 

VT71 32-55 

IDT7132SA55D 

VT16H4-45 

IDT71981-45 

VT20C69-25 

IDT6169SA25P 

VT71 32-70 

IDT7132SA70D 

VT16H4-55 

IDT71981-55 

VT20C69-35 

IDT6169SA35P 

VT71 32-90 

IDT7132SA90D 

VT20C69-45 

IDT6169SA45P 

VT7132A-35 

IDT7132SA35D 

VT20C18-20 

ITD6116SA20TP 

VT7132A-45 

IDT7132SA45D 

VT20C18-25 

ITD6116SA25TP 

VT2130 

IDT7130SA100P 

VT20C18-35 

ITD6116SA35TP 

VT71 42-55 

IDT7142SA55D 

VT65KS4-25 

IDT7188S25P 

VT71 42-70 

IDT7142SA70D 

VT20C 19-20 

IDT6120SA20TP 

VT65KS4-35CC 

IDT7188S35C 

VT71 42-90 

IDT7142SA90D 

VT20C19-25 

IDT6120SA25TP 

VT65KS4-45CC 

IDT7188S45C 

VT7142A-35 

IDT7142SA35D 

VT20C19-35 

IDT6120SA35TP 

VT65KS4-55CC 

IDT7188S55C 

VT7142A-45 

IDT7142SA45D 

VT20C68-20 

IDT6168SA20P 

VT20C68-25 

IDT6168SA25P 

VT20C68-35 

IDT6168SA35P 

VT20C68-45 

IDT6168SA45P 


NOTES: 


A lower case “x” indicates the speed and/or 
package of the part are unknown." 

*The CY7C161/162 come in a 300 mil package 
vs. 400 mil IDT71 981/982. 
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EEPROMs 

v$\u3 

MSI 

CROSS REFERENCE GUIDE 

Inte 3 rated DeviceTechnolc> 3 y. Inc. 

■ 


AMTEL 

IDT 

AT28C16A-15 

IDT78C16A-150 

AT28C16A-20 

IDT78C16A-200 

AT28C16A-25 

IDT78C16A-250 

AT28C16A-30 

IDT78C16A-300 

AT28C16A-35 

IDT78C16A-350 

EXEL 

IDT 

XLS2816AL-250 

IDT78C16A-250 

XLS281 6AL-300 

IDT78C16A-300 

XLS2816AL-350 

IDT78C16A-350 

SEEQ 

IDT 

2816A-200 

IDT78C1 6A-200 

2816A-250 

IDT78C16A-250 

2816A-300 

IDT78C16A-300 

2816A-350 

IDT78C16A-350 

XICOR 

IDT 

X2816A-20 

IDT78C16A-200 

X2816A-25 

IDT78C16A-250 

X2816A-30 

IDT78C16A-300 

X2816A-35 

IDT78C16A-350 
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::!!!:!:!! 

MICROSLICE 


CROSS REFERENCE GUIDE 

Integrated Device Technology. Inc. 



FUNCTIONAL REPLACEMENTS 


7C901-23DC 

7C901-23PC 

7C901-27DMB 

7C901-27LMB 

7C901-31DC 

7C901-31JC 

7C901-31PC 

7C901-32DMB 

7C901-32LMB 

7C909-30DC 

7C909-30DMB 

7C909-30PC 

7C909-40DC 

7C909-40DMB 

7C909-40LMB 

7C909-40PC 

7C910-40DC 

7C910-40JC 

7C910-40PC 

7C910-46DMB 

7C910-50DC 

7C910-50JC 

7C910-50PC 

7C910-51DMB 

7C910-51 LMB 

7C9101-30DC 


7C9101-30GC 

7C9101-30JC 

7C9101-30PC 


7C9101-35DMB 


7C9101-35GMB 

7C9101-35LMB 

7C9101-40DC 


7C9101-40GC 

7C9101-40JC 

7C9101-40PC 


7C9101-45DMB 


7C9101-45GMB 

7C9101-45LMB 

7C911-30DC 

7C911-30DMB 

7C911-30PC 

7C911-40DC 

7C911-40DMB 

7C911-40LMB 

7C911-40PC 


IDT39C01DD 

IDT39C01DP 

IDT39C01DDB 

IDT39C01DLB 

IDT39C01CD 

IDT39C01CP 

IDT39C01CDB 

IDT39C01CLB 

IDT39C09BD 

IDT39C09BDB 

IDT39C09BP 

IDT39C09AD 

IDT39C09ADB 

IDT39C09ALB 

IDT39C09AP 

IDT39C10CD 

IDT39C10CJ 

IDT39C10CP 

IDT39C10CDB 

IDT39C10BD 

IDT39C10BJ 

IDT39C10BP 

IDT39C10BDB 

IDT39C10BLB 

IDT49C401AC 

IDT49C402AG 

IDT49C402AXC 

IDT49C402AL 

IDT49C401AC 

IDT49C402AG 

IDT49C402AXC 

IDT49C401ACB 

IDT49C402AXCB 

IDT49C402AGB 

IDT49C402ALB 

IDT49C401C 

IDT49C402G 

IDT49C402XC 


IDT49C401C 

IDT49C402G 

IDT49C402XC 

IDT49C401CB 

IDT49C402GB 

IDT49C402XCB 

IDT49C402LB 

IDT39C1 1 BD 

IDT39C11BDB 

IDT39C11BP 

IDT39C11AD 

IDT39C11ADB 

IDT39C11ALB 

IDT39C11AP 


NOTE: 

BOLD FACE ITEMS ARE 
FUNCTIONAL REPLACEMENTS. 


AMD 

IDT 

Am2901C/BQA 

IDT39C01CDB 

Am2901C/BUC 

IDT39C01CLB 

Am2901C/BYC 

— 

Am2901CDC 

IDT39C01CD 

Am2901CDCB 

IDT39C01CD 

Am2901CLC 

IDT39C01CL 

Am2901CPC 

IDT39C01CP 

Am2901CPCB 

IDT39C01CP 

Am2903A/BXC 

IDT39C03ACB 

Am2903A/BYC 

- 

Am2903A/LMC 

IDT39C03ALB 

Am2903ADC 

IDT39C03AC 

Am2903ADCB 

IDT39C03AC 

Am2903ALC 

IDT39C03AL 

Am2909A/BXA 

IDT39C09ADB 

Am2909A/BYA 

- 

Am2909A/B3C 

IDT39C09ALB 

Am2909ADC 

IDT39C09AD 

Am2909ADCB 

IDT39C09AD 

Am2909ALC 

IDT39C09AL 

Am2909APC 

IDT39C09AP 

Am2909APCB 

IDT39C09AP 

Am2910A/BQA 

IDT39C10BDB 

Am2910A/BUC 

IDT39C10BLB 

Am2910A/BYC 

— 

Am2910ADC 

IDT39C10BD 

Am2910ADCB 

IDT39C10BD 

Am2910ALC 

IDT39C10BL 

Am2910APC 

IDT39C10BP 

Am2910APCB 

IDT39C10BP 

Am29C10A-10DC 

IDT39C10BD 

Am29C1 OA-1 OPC 

IDT39C10BP 

Am29C1 0A-10PCB 

IDT39C10BP 

Am29C101DC 

IDT49C401C 

" 

IDT49C402G 

" 

IDT49C402XC 

Am29C101PC 

IDT49C401C 

* 

IDT49C402G 

- 

IDT49C402XC 

Am29C101JC 

— 

Am2911 A/BRA 

IDT39C11ADB 

Am2911A/BUC 

IDT39C11ALB 

Am2911A/B2C 

IDT39C11ALB 

Am2911ADC 

IDT39C11AD 

Am291 1 ADCB 

IDT39C11AD 

Am2911ALC 

IDT39C11AL 

Am2911APC 

IDT39C11AP 

Am2911APCB 

IDT39C11AP 

Am29203/BXC 

IDT39C203CB 

Am29203DC 

IDT39C203C 

Am29203DCB 

IDT39C203C 

Am2960/BUC 

IDT39C60LB 

Am2960/BXC 

IDT39C60CB 

Am2960DC 

IDT39C60C 

Am2960DCB 

IDT39C60C 

Am2960LC 

IDT39C60L 

Am2960PC 

IDT39C60P 

Am2960PCB 

IDT39C60P 

Am2960JC 

IDT39C60J 

Am2960JCB 

IDT39C60J 

Am2960-1/BXC 

IDT39C60-1CB 

Am2960-1/BUC 

IDT39C60-1LB 

Am2960-1/BYC 

- 

Am2960-1PC 

IDT39C60-1 P 

Am2960-1 PCB 

IDT39C60-1P 


AMD CONT. 


Am2960-1LC 

Am2960-1JC 

Am2960-1JCB 

Am2960-1DC 

Am2960-1DCB 

Am2960ADC 

Am2960ADCB 

Am2960APC 

Am2960APCB 

Am29705/BXA 

Am29705/BYA 

Am29705/B3C 

Am29705DC 

Am29705DCB 

Am29705LC 

Am29705PC 

Am29705PCB 

Am29707DC 

Am29707DCB 

Am29707LC 

Am29707PC 

Am29707PCB 


SN54/7 4ALS632A/3/4/5JD 

SN54/7 4ALS632A/3/4/5FN 
SN54/7 4ALS632BJD 

SN54/74ALS632BFN 

SN54/74AS632AJD 

SN54/7 4AS632AFN 


MOTOROLA 


MC74F2960J 

MC74F2960-1J 

MC74F2960AJ 


DP8402AD 

DP8402AV 

DP8403D 

DP8403V 

DP8404D 

DP8404V 

DP8405D 


IDT39C60-1L 

IDT39C60-1J 

IDT39C60-1J 

IDT39C60-1C 

IDT39C60-1C 

IDT39C60AC 

IDT39C60AC 

IDT39C60AP 

IDT39C60AP 

IDT39C705ADB 

IDT39C705ALB 

IDT39C705AD 

IDT39C705AD 

IDT39C705AL 

IDT39C705AP 

IDT39C705AP 

IDT39C707D 

IDT39C707D 

IDT39C707L 

IDT39C707P 

IDT39C707P 


IDT49C460G 

IDT49C460XC 

IDT49C460J 

IDT49C460AG 

IDT49C460AXC 

IDT49C460AJ 

IDT49C460AG 

IDT49C460AXC 

IDT49C460AJ 


IDT39C60P 
IDT39C60-1 P 
IDT39C60AP 


IDT49C460XC 

IDT49C460J 

IDT49C460XC 

IDT49C460G 

IDT49C460J 

IDT49C460XC 

IDT49C460G 

IDT49C460J 

IDT49C460XC 

IDT49C460G 


SIGNETICS 
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DIGITAL SIGNAL PROCESSING 
CROSS REFERENCE GUIDE 


Integrated Devicelechnology. Inc. 


AMD 

IDT 

29C509/BXC 

7209 

29C509/BXC 

7209L90CB 

29C509DC 

7209L70C 

29510 

7210 

2951 ODC 

7210L75C 

2951 ODCB 

7210L75C 

2951 OXC 

721 OLU 

29L510/BXC 

7210L120CB 

29L510DC 

7210L100C 

29L510DCB 

7210L100C 

29516 

7216 

29516/BYC 

7216L75FB 

29516/DMC 

7216L75CB 

2951 6ADC 

7216L35C 

29516ADCB 

7216L35C 

2951 6ALC 

7216L35L 

2951 6AXC 

721 6LU 

2951 6DC 

7216L65C 

2951 6DCB 

7216L65C 

2951 6LC 

7216L65L 

2951 6XC 

721 6LU 

29L516/BXC 

7216L90CB 

29L516/BYC 

7216L90FB 

29L516DC 

7216L90C 

29L516DCB 

7216L90C 

29L516JC 

7216L90J 

29L516LC 

7216L90L 

29L516LMB 

7216L90LB 

29L516PC 

7216L90P 

29L516PCB 

7216L90P 

29L516XC 

721 6LU 

29517 

7217 

29517/BYC 

7217L75FB 

29517/DMC 

7217L75CB 

29517/LMC 

7217L75LB 

2951 7ADC 

7217L35C 

2951 7ALC 

7217L35L 

2951 7AXC 

7217LU 

2951 7DC 

7217L65C 

29517DCB 

7217L65C 

2951 7LC 

7217L65L 

29517XC 

7217LU 

29L517/BXC 

7217L90CB 

29L517DC 

7217L90C 

29L517DCB 

7217L90C 

29L517JC 

7217L90J 

29L517LC 

7217L90L 

29L517LMB 

72176L90LB 

29L517PC 

7217L90P 

29L517PCB 

7217L90P 

29L517XC 

721 7LU 

ANALOG DEVICES 

IDT 

ADS P-1 009 

7209 

ADSP-1009JD 

7209L135C 

ADSP-1009KD 

7209L135C 


NOTE: 

BOLD FACE ITEMS ARE 
FUNCTIONAL REPLACEMENTS 


ANALOG CONT. 


ADSP-1009SD 

ADSP-1009TD 

ADSP-1012 

ADSP-1012 

ADSP-1012JD . 

ADSP-1012KD 

ADSP-1012SD 

ADSP-1012TD 

ADSP-1010 

ADSP-1010AKD 

ADSP-1010AKG 

ADSP-1010JD 

ADSP-1010JG 

ADSP-1010KD 

ADSP-1010KG 

ADSP-1010SD 

ADSP-1010SG 

ADSP-1010TD 

ADSP-1010TG 

ADSP-1016 

ADSP-1016AKD 

ADSP-1016AKG 

ADSP-1016JD 

ADSP-1016JG 

ADSP-1016KD 

ADSP-1016KG 

ADSP-1016SD 

ADSP-1016SG 

ADSP-1016TD 

ADSP-1016TG 


7C401 

7C401-10DC 

7C401-10DMB 

7C401-10LC 

7C401-10LMB 

7C401-10PC 

7C401-15DC 

7C401-15DMB 

7C401-15LC 

7C401-15LMB 

7C401-15PC 

7C402 

7C402-10DC 

7C402-10DMB 

7C402-10LC 

7C402-10LMB 

7C402-10PC 

7C402-15DC 

7C402-15DMB 

7C402-15LC 

7C402-15LMB 

7C402-15PC 

7C403 

7C403-10DC 

7C403-10DMB 

7C403-10LC 

7C403-10LMB 

7C403-10PC 

7C403-15DC 


7209L170CB 

7209L170CB 

7212 

7212 

7212L115C 

7212LL115C 

7212L140CB 

7212L140CB 

7210 

7210L75C 

7210L75G 

7210L165C 

7210L165G 

7210L165C 

7210L165G 

7210L200CB 

7210L200GB 

7210L200CB 

7210L200GB 

7216 

7216L75C 

7216L75G 

7216L140C 

7216L140G 

7216L140C 

7216L140G 

7216L185CB 

721 6L1 85GB 

7216L120CB 

721 6L1 20GB 


72401 
72401 LI 0D 
74201 LI ODB 
72401 LI OL 
72401 LI OLB 
72401 LI OP 
72401 LI 5D 
72401 LI 5DB 
72401 LI 5L 

72401 LI 5LB 
72401 L15P 

72402 
72402L10D 
72402L10DB 
72402L10L 
72402L10LB 
72402L10P 
72402L15D 
72402L15DB 
72402L15L 
72402L15LB 
72402L15P 

72403 
72403L10D 
72403L10DB 
72403L10L 
72403 LI OLB 
72403L10P 
72403L15D 


CYPRESS CONT. 

IDT 

7C403-15DMB 

72403L15DB 

7C403-15LC 

72403L15L 

7C403-15LMB 

72403L15LB 

7C403-15PC 

72403L15P 

7C403-25DC 

72403L25D 

7C403-25DMB 

72403 L25DB 

7C403-25LC 

72403L25L 

7C403-25LMB 

72403 L25LB 

7C403-25PC 

72403L25P 

7C404 

72404 

7C4 04-1 ODC 

72404L10D 

7C404-10DMB 

72404L10DB 

7C404-10LC 

72404L10L 

7C404-10LMB 

72404L10LB 

7C404-10PC 

72404L10P 

7C404-15DC 

72404L15D 

7C404-15DMB 

72404L15DB 

7C404-15LC 

72404L15L 

7C404-15LMB 

72404L15LB 

7C404-15PC 

72404L15P 

7C404-25DC 

72404L25D 

7C404-25DMB 

72404 L25DB 

7C404-25LC 

72404L25L 

7C404-25LMB 

72404 L25LB 

7C404-25PC 

72404L25P 

7C510 

7210 

7C510-45DC 

7210L45D 

7C510-45GC 

7210L45G 

7C510-45LC 

7210L45L 

7C510-45PC 

7210L45P 

7C510-55DC 

7210L55D 

7C510-55DMB 

7210L55DB 

7C510-55GC 

7210L55G 

7C510-55GMB 

7210L55GB 

7C510-55LC 

7210L55L 

7C510-55LMB 

7210L55LB 

7C510-55PC 

7210L55P 

7C510-65DC 

7210L65D 

7C510-65DMB 

7210L65DB 

7C510-65GC 

7210L65G 

7C510-65GMB 

7210L65GB 

7C510-65LC 

7210L65L 

7C510-65LMB 

7210L65LB 

7C510-65PC 

7210L65P 

7C510-75DC 

7210L75D 

7C510-75DMB 

7210L75DB 

7C510-75GC 

7210L75G 

7C510-75GMB 

7210L75GB 

7C510-75LC 

7210L75L 

7C510-75LMB 

7210L75LB 

7C510-75PC 

7210L75P 

7C516 

7216 

7C516-38DC 

7216L35D 

7C516-38GC 

7216L35G 

7C516-38LC 

7216L35L 

7C516-38PC 

7216L35P 

7C516-42DMB 

7216L40DB 

7C516-42GMB 

7216L40GB 

7C516-42LMB 

7216L40LB 

7C516-45DC 

7216L45D 

7C516-45GC 

7216L45G 

7C516-45LC 

7216L45L 






















CYPRESS CONT. 

IDT 

7C516-45PC 

7216L45P 

7C516-55DC 

7216L55D 

7C516-55DMB 

7216L55DB 

7C516-55GC 

7216L55G 

7C516-55GMB 

7216L55GB 

7C516-55LC 

7216L55L 

7C516-55LMB 

7216L55LB 

7C516-55PC 

7216L55P 

7C516-65DC 

7216L65D 

7C516-65DMB 

7216L65DB 

7C516-65GC 

7216L65G 

7C516-65GMB 

7216L65GB 

7C516-65LC 

7216L65L 

7C516-65LMB 

7216L65LB 

7C516-65PC 

7216L65P 

7C516-75DC 

7216L75D 

7C516-75DMB 

7216L75DB 

7C516-75GC 

7216L75G 

7C516-75GMB 

7216L75GB 

7C516-75LC 

7216L75L 

7C516-75LMB 

721 6L75LB 

7C516-75PC 

7216L75P 

7C517 

7217 

7C517-45DC 

7217L45D 

7C517-45GC 

7217L45G 

7C517-45LC 

7217L45L 

7C517-45PC 

7217L45P 

7C517-55DC 

7217L55D 

7C517-55DMB 

7217L55DB 

7C517-55GC 

7217L55G j 

7C517-55GMB 

7217L55GB | 

7C517-55LC 

7217L55L 

7C517-55LMB 

7217L55LB 

7C517-55PC 

7217L55P 

7C517-65DC 

7217L65D 

7C517-65DMB 

7217L65DB 

7C517-65GC 

7217L65G 

7C517-65GMB 

7217L65GB 

7C517-65LC 

7217L65L 

7C517-65LMB 

7217L65LB 

7C517-65PC 

7217L65P 

7C517-75DC 

7217L75D 

7C517-75DMB 

7217L75DB 

7C517-75GC 

7217L75G 

7C517-75GMB 

7217L75GB 

75C17-75LC 

7217L75L 

7C517-75LMB 

7217L75LB 

7C517-75PC 

7217L75P 

MMI 

IDT 

67401 

72401 

57401 AJB 

72401 LI 5DB 

57401 BJB 

72401 L25DB 

57401 JB 

72401 LI ODB 

67401 AJ 

72401 LI 5D 

67401AN 

72401 LI 5P 


MM1 CONT. 


NOTE: 

BOLD FACE ITEMS ARE 
FUNCTIONAL REPLACEMENTS 


67401 BJ 

72401 L25D 

67401 J 

72401 LI OD 

67401 N 

72401 L10P 

C57401AJB 

72401 LI 5DB 

C57401BJB 

72401 L25DB 

C57401JB 

72401 L10DB 

C57L401DJB 

72401 LI 5DB 

C67401AJ 

72401 LI 5D 

C67401AN 

72401 LI 5P 

C67401BJ 

72401 L25D 

C67401J 

72401 LI OD 

C67401N 

72401 LI OP 

C67L401DJ 

72401 LI 5D 

C67L401DN 

72401 LI 5P 

67402 

72402 

57402AJB 

72402L1 5DB 

57402BJB 

72402L25DB 

57402JB 

72402L10DB 

67402AJ 

72402L15D 

67402AN 

72402L15P 

67402BJ 

72402L25D 

67402J 

72402L10D 

67402N 

72402L10P 

C57402AJB 

72402L15DB 

C57402BJB 

72402L25DB 

C57402JB 

72402L10DB 

C57L402DJB 

72402L15DB 

C67402AJ 

72402L15D 

C67402AN 

72402L15P 

C67402BJ 

72402L25D 

C67402J 

72402L10D 

C67402N 

72402L10P 

C67L402DJ 

72402L15D 

C67L402DN 

72402L15P 

67411 

72401 

57411JB 

72401 L25DB 

6741 1AJ 

72401 L35D 

6741 1J 

72401 L25D 

67412 

72402 

5741 2JB 

72402L25DB 

6741 2AJ 

72402L35D 

6741 2J 

72402L25D 

67413 

72413 

5741 3JB 

72413L25DB 

6741 3AJ 

72413L35D 

6741 3J 

72413L25D 

67C401 

72401 

67C401-10N 

72401 L10P 

67C401-10J 

72401 LI OD 

67C401-15N 

72401 LI 5P 

67C401-15J 

72401 LI 5D 

67C4013 

72403 

67C4013-10N 

72403L10P 

67C4013-10J 

72403L10D 

67C4013-15N 

72403L15P 

67C4013-15J 

72403L15D 

67C402 

72402 

67C402-10N 

72402L10P 

67C402-10J 

72402L10D 

67C402-15N 

72402L15P 

67C402-15J 

72402L15D 

67C4013 

72404 


MMI CONT. 

IDT 

67C4023-10N 

72404L10P 

67C4023-10J 

72404L10D 

67C4023-15N 

72404L15P 

67C4023-15J 

72404L15D 

THOMSON-MOSTEK 

IDT 

MK4501 

7201 

MK4501-10N 

7201 S80P 

MK4501-12N 

7201S120P 

MK4501-65N 

7201 S65P 

MK4501-8N 

7201 S80P 

MK4503 

7203 

MK4503-10N 

7203S80P 

MK4503-12N 

7203S120P 

MK4503-65N 

7203S65P 

MK4503-8N 

7203S80P 

TRW 

IDT 

MPY012 

7212 

MPY012HJ1A 

7212L140CB 

MPY012HJ1C 

7212L115C 

MPY012HJ1G 

7212L115C 

MPY016 

7216 

MPY016HJ1A 

7216L185CB 

MPY016HJ1C 

7216L140C 

MPY016HJ1C 

7216L140C 

MPY016KJ1A 

7216L45CB 

MPY016KJ1A1 

7216L45CB 

MPY016KJ1C 

7216L45C 

MPY016KJ1C1 

7216L35C 

MPY016KJ1G 

7216L45C 

MPY016KJ1G1 

7216L35C 

TMC216H 

7216 

TMC216HC1A 

7216L185LB 

TMC216HC1C 

7216L140L 

TMC216HC1G 

7216L140L 

TMC216HJ3A 

7216L185CB 

TMC216HJ3C 

7216L140C 

TMC216HJ3G 

7216L140C 

TDC1009 

7209 

TDC1009C1A 

72091 70LB 

TDC1009C1F 

7209L170LB 

TDC1009J1A 

7209L170CB 

TDC1009J1C 

7209L135C 

TDC1009J1F 

7209L170CB 

TDC1009J1G 

7209L135C 

TDC1010 

7210 

TDC1010C1A 

7210L200LB 

TDC1010C1F 

7210L200LB 

TDC1010J1A 

7210L200CB 

TDC1010J1C 

7210L165C 

TDC1010J1F 

7210L200CB 

TDC1010J1G 

7210L165C 

TDC1043 

7243 

TDC1043C1C 

7243L100L 

TDC1043C1G 

7243L100L 

TDC1043J3C 

7243L100C 

TDC1043J3G 

7243L100C 

TMC2009 

7209 
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DIGITAL SIGNAL PROCESSING CROSS REFERENCE GUIDE 


TRW CONT. 

IDT 

WEITEK 

IDT 

WEITEK CONT. 

IDT 

TMC2009C1A 

7209L170LB 

WTL2010 

7210 

WTL2017CLCC 

7217L35L 

TMC2009C1C 

7209L135L 

WTL2010AGCD 

7210L65G 

WTL2017CLMC 

7217L45LB 

TMC2009C1F 

7209L120LB 

WTL2010AGMD 

7210L75GB 

WTL2017GCD 

7217L90G 

TMC2009C1G 

7209L135L 

WTL2010AJC 

7210L65C 

WTL2017GMD 

721 7L1 20GB 

TMC2009J3A 

7209L170CB 

WTL2010AJC 

7210L65C 

WTL2017JC 

7217L90C 

TMC2009J3C 

7209L135C 

WTL2010AJM 

7210L75CB 

WTL2017JM 

7217L120CB 

TMC2009J3F 

7209L120CB 

WTL2010ALCC 

7210L65L 

WTL2017LCC 

7217L90L 

TMC2009J3G 

7209L135C 

WTL2010ALMC 

7210L75LB 

WTL2017LMC 

7217L120LB 

TMC2010 

7210 

WTL2010BGCD 

7210L45G 

WTL1264 

721264 

TMC2010C1C 

7210L165L 

WTL2010BGMD 

7210L55GB 

WTL1 264GCD 

721264L60G 

TMC2010C1C 

7210L200LB 

WTL2010BJC 

7210L45C 

WTL1265 

721265 

TMC2010C1F 

TMC2010C1G 

7210L200LB 

7210L165L 

WTL2010BJM 

WTL2010BLCC 

7210L55CB 

7210L45L 

WTL1265GCD 

721265L60G 



TMC2010J3A 

7210L200CB 

WTL2010BLMC 

7210L55LB 



TMC2010J3C 

7210L165C 

WTL2010GCD 

7210L100G 



TMC2010J3F 

7210L200CB 

WTL2010GMD 

721 0L1 20GB 



TMC2010J3G 

7210165C 

WTL2010JC 

7210L100C 



TMC2110 

7210 

WTL2010JM 

7210L120CB 



TMC2110C1C 

7210L100L 

WTL2010LCC 

7210L100L 



TMC2110C1C 

7210L120LB 

WTL2010LMC 

7210L120LB 



TMC2110C1F 

7210L120LB 

WTL2016 

7216 



TMC2110C1G 

7210L100L 

WTL2016AGCD 

7216L65G 



TMC2110J3C 

7210L100C 

WTL2016AGMD 

7216L75GB 



TMC2110J3C 

7210L120CB 

WTL2016AJC 

7216L65C 



TMC2110J3F 

7210L120CB 

WTL2016AJM 

7216L75CB 



TMC2110J3G 

7210L100C 

WTL2016ALCC 

2716L65L 



TMC1043 

7243 

WTL2016ALMC 

7216L75LB 



TDC1043C1C 

7243L100L 

WTL2016BGCD 

7216L45G 



TDC1043C1G 

7243L100L 

WTL2016BGMD 

7216L55GB 



TDC1043J3C 

7243L100C 

WTL2016BJC 

7216L45C 



TDC1043J3G 

7243L100C 

WTL2016BJM 

7216L55CB 



TMC2009 

7209 

WTL2016BLCC 

7216L45L 



TMC2009C1A 

7209L170LB 

WTL2016BLMC 

7216L55LB 



TMC2009C1C 

7209L135L 

WTL2016CGCD 

7216L35G 



TMC2009C1 F 

7209L120LB 

WTL2016CGMD 

7216L45GB 



TMC2009C1G 

7209L135L 

WTL2016CJC 

7216L35C 



TMC2009J3A 

7209L170CB 

WTL2016CJM 

7216L45CB 



TMC2009J3C 

7209L135C 

WTL2016CLCC 

7216L35L 



TMC2009J3F 

7209L120CB 

WTL2016CLMC 

7216L45LB 



TMC2009J3G 

7209L135C 

WTL2016GCD 

7216L90G 



TMC2010 

7210 

WTL2016GMD 

7216L120GB 



TMC2010C1C 

7210L165L 

WTL2016JC 

7216L90C 



TMC2010C1C 

7210L200LB 

WTL2016JM 

7216L120CB 



TMC2010C1F 

7210L200LB 

WTL2016LCC 

7216L90L 



TMC2010C1G 

7210L165L 

WTL2016LMC 

7216L120LB 



TMC2010J3A 

7210L200CB 

WTL2017 

7217 



TMC2010J3C 

7210L165C 

WTL2017AGCD 

7217L65G 



TMC2010J3F 

7210L200CB 

WTL2017AGMD 

7217L75GB 



TMC2010J3G 

7210L165C 

WTL2017AJC 

7217L65C 



TMC2110 

7210 

WTL2017AJM 

7217L75CB 



TMC2110C1C 

7210L100L 

WTL2017ALCC 

7217L65L 



TMC2110C1C 

7210L120LB 

WTL2017ALMC 

7217L75LB 



TMC2110C1F 

7210L120LB 

WTL2017BGCD 

7217L45G 



TMC2110C1G 

7210L100L 

WTL2017BGMD 

7217L55GB 



TMC2110J3C 

7210L100C 

WTL2017BJC 

7217L45C 



TMC2110J3C 

7210L120CB 

WTL2017BJM 

7217L55CB 



TMC2110J3F 

7210L120CB 

WTL2017BLCC 

7217L45L 



TMC2110J3G 

7210L100C 

WTL2017BLMC 

7217L55LB 





WTL2017CGCD 

7217L35G 





WTL2017CGMD 

7217L45GB 



note: 

BOLD FACE ITEMS ARE 

FUNCTIONAL REPLACEMENTS 

WTL2017CJC 

WTL2017CJM 

7217L35C 

7217L45CB 
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Integrated Device Technology. Inc. 


DATA CONVERSION 
CROSS REFERENCE GUIDE 


EXACT PIN REPLACEMENTS 

TRW 

IDT 

TDC1018 

IDT75C18 

TDC1048 

IDT75C48 

HONEYWELL 

IDT 

HDAC10180 

IDT75C18 

SONY 

IDT 

CXA1096P 

IDT78C48 

BROOKTREE 

IDT 

BT458 

IDT78C458 

FUNCTIONAL EQUIVALENTS 

PART NO. 

IDT 

AD9700 

IDT75C18 

AD9768 

IDT75C18 

BT101 

IDT75C18 

BT102 

IDT75C18 

BT106 

IDT75C18 

BT108 

IDT75C18 

CA3308 

IDT75C48 

CX20052 

IDT75C48 

EDH-10605 

IDT75C18 

EDH-10805 

IDT75C18 

HA19209 

IDT75C48 

HA19210 

IDT75C48 

MB40548 

IDT75C48 

MCI 031 8 

IDT75C48 

MC10319 

IDT75C48 

MN0605 

IDT75C18 

MN0805 

IDT75C18 

MP7683 

IDT75C48 

MP7684 

IDT75C48 

PNA7518 

IDT75C18 

RGB-DAC83 

IDT78C18 

SDA8005 

IDT75C18 

SP9768 

IDT75C18 

T1595 

IDT75C48 

TML1080 

IDT75C48 

TML1840 

IDT75C18 

VDAC-0605 

IDT75C18 

VDAC-0805H 

IDT75C18 

VDAC-888E 

IDT75C18 

VDAC-888T 

IDT75C18 
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Integrated Device Technology. Inc. 


SUBSYSTEMS 

CROSS REFERENCE GUIDE 


i 


EDI 

IDT 

EDH8M8128C100 

8M824L100C 

EDH8M8128C120 

8M824L100C 

EDH8M8128C150 

8M824L100C 

EDH8M8128C100CB* 

8M824S100CB 

EDH8M8128C120CB* 

8M824S100CB 

EDH8M8128C150CB* 

8M824S100CB 

EDH81H256C-55 

8M156S55CS 

EDH81H256C-70 

8M156S70CS 

EDH816H64C-55* 

7M624S55CB 

EDH816H64C-70* 

7M624S65CB 

EDH84H64C-55 

8MP456S55S 

EDH84H64C-70 

8MP456S70S 

EDH8808HC-55* 

8M864L55CB 

EDH8808HC-70* 

8M864L75CB 

EDH8808A-10* 

7M864L85CB 

EDH8808A-12* 

7M864L120CB 

EDH8808A-15* 

7M864L150CB 

EDH8808C-10* 

8M864L85CB 

EDH8808C-12* 

8M864L120CB 

EDH8808C-15* 

8M864L150CB 

EDH8808CL-20* 

8M864L150CB 

EDH8808CL-25* 

8M864L150CB 

EDH8808AL-20* 

7M864L150CB 

EDH8808AL-25* 

7M864L150CB 

EDH8832C-12 

8M856L85C 

EDH8832C-15 

8M856L85C 

EDH8832C-20 

8M856L85C 

EDH8832C-12* 

8M856L100CB 

EDH8832C-15* 

8M856L100CB 

EDH8832C-20* 

8M856L100CB 

EDH8832HC-70* 

7M856S65CB 

EDH8832HC-85* 

7M856S75CB 

DENSE PAC 

IDT 

DPS1024-XXX 

7M624 

DPS1026-XXX 

7M624 

DPS1027-XXX 

7M624 

DPS16X5-XXX 

8MP564 

DPS257-XXX 

7M656 

DPS32H8-XXX 

7M856 

DPS40256-XXX 

8M856 

DPS41257-XXX 

8M856 

DPS41288-XXX 

8M824 

DPS6432-XXX 

7M4017 

DPS8645-XXX 

8MP456 

DPS8088-XXX 

7M864 

OTHER VENDORS 

IDT 


MOSEL MS88128 
ZYREL Z108 

NEC MC-120 

HITACHI HM 66204 


‘MILITARY RAMS 
NOTE: 

BOLD FACE ITEMS ARE 
FUNCTIONAL REPLACEMENTS 
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;- : r. t >ct Selector and Cross Reference Guides 


Technology/Capabilities 

Quality and Reliability 
Static: RAMs 



S^PROMS-Eiectrioafiy Erasable Programmable Head Only 
Memories 

Sobsystems Modules 


Application and Technical Motes 



IDT. ..LEADING THE CMOS FUTURE 


A major revolution is taking place in the semiconductor industry 
today. A new technology is rapidly displacing older NMOS and bi- 
polar technologies as the workhorse of the 80’s and beyond. That 
technology is high-speed CMOS. Integrated Device Technology, a 
company totally predicated on and dedicated to implementing 
high-performance CMOS products, is on the leading edge of this 
dramatic change. 

Beginning with the introduction of the industry’s fastest CMOS 
2K x 8 static RAM, IDT has grown into a company with multiple divi- 
sions producing a wide range of high-speed CMOS circuits that 
are, in almost every case, the fastest available. These advanced 
products are produced with IDT’s proprietary CEMOS ™ technol- 
ogy, a twin-well dry-etched, stepper-aligned process utilizing pro- 
gressively smaller dimensions. 

From inception, our product strategy has been to apply the 
advantages of our extremely fast CEMOS technology to produce 
the integrated circuit elements required to implement high- 
performance digital systems. IDT’s goal is to provide the circuits 
necessary to create systems which are far superior to previous gen- 
erations in performance, reliability, cost, weight, and size. Many of 
our innovative product designs offer higher levels of integration, 
advanced architectures, higher density packaging, and system 
enhancement features that are establishing tomorrow’s industry 
standards. The company is committed to providing its customers 
with an ever-expanding series of these high-speed, lower-power 1C 
solutions to system design needs. 

IDT’s commitment, however, extends beyond state-of-the-art 
technology and advanced products to providing the highest level 


of customer service and satisfaction in the industry. Producing 
products to exacting quality standards that provide excellent, long- 
term reliability is given the same level of importance and priority as 
device performance. IDT is also dedicated to delivering these high- 
quality advanced products on time. The company would like to be 
known not only for its technological capabilities, but also for provid- 
ing its customers with quick, responsive and courteous service. 

IDT’s product families are available in both commercial and mili- 
tary grades. As a bonus, commercial customers obtain the benefits 
of military processing disciplines, established to meet or exceed 
the stringent criteria of the applicable military specifications. 

IDT is the leading U.S. supplier of high-speed CMOS circuits. 
The company’s high-performance static RAMs, logic, DSP, 
MICROSLICE™ bit-slice microprocessor products, data conver- 
sion devices, Electrically Erasable PROMs, and modular subsys- 
tem assemblies complement each other to provide high-speed 
CMOS solutions to a wide range of applications and systems. 

Dedicated to maintaining its leadership position as a state-of- 
the-art 1C manufactuer, IDT will continue to focus on maintaining its 
technology edge as well as developing a broader range of innova- 
tive products. New products and speed enhancements are 
continuously being added to each of the existing product families 
and additional product lines will be introduced. Contact your IDT 
field representative or factory marketing at 1-800-IDT-CMOS to de- 
termine the latest product offerings. If you’re building state-of-the- 
art equipment, IDT may be able to solve some of your design 
problems. 



2 - 



IDT MILITARY AND DESC-SMD PROGRAM 


IDT is a leading supplier of military, high-speed CMOS circuits. 
The company’s high-performance static RAMs, Logic, DSP, Micro- 
processor, Data Conversion, Electrically Erasable memories and 
Modular Subsystem product lines complement each other to pro- 
vide high-speed CMOS solutions to a wide range of military appli- 
cations and systems. Each product line offers products which are 
fully compliant to the latest revision of MIL-STD-883. In addition, 
IDT offers radiation tolerant, as well as enhanced, products. 

IDT has an active program to have a Defense Electronic Supply 
Center (DESC) listing for Standard Military Drawings (SMD) of its 
products. The SMD program allows standardization of militarized 
products and reduction of the proliferation of nonstandard source 


control drawings. This program will go far toward reducing the 
need for each defense contractor to make separate specification 
control drawings for purchased parts. IDT plans to have SMDs for 
many of its product offerings. Presently, IDT has 22 devices which 
are listed or pending listing. The devices are from IDT’s SRAM, 
DSP, Logic and Microprocessor product lines. Additional devices 
are being added from those product lines as well as from Data Con- 
version and EEPROMs. IDT expects the number of SM Ds to be over 
50 in 1988. Users should contact either IDT or DESC for current 
status of products in the SMD program. 


SMD 

SRAM 

IDT 

5962-86705 

5962-85525 

84036 

5962-84132 

5962-86015 

5962-86859 

5962-86875 

5962-87002 

5962-88552 

IDT6168 

IDT7164 

IDT6116 

IDT6167 

IDT7187 

IDT7198 

IDT71 30/71 40 

IDT71 32/71 42 
IDT71256 

DSP 

IDT 

5962-87531 

5962-86873 

5962-86846 

IDT7201 

IDT7216 

IDT72404 

LOGIC 

IDT 

5962-87630 

5962-87629 

5962-86862 

5962-87644 

5962-87628 

5962-87627 

5962-87654 

5962-87655 

5962-87656 

IDT54FCT244 

IDT54FCT245 

IDT54FCT299 

IDT54FCT373 

IDT54FCT374 

IDT54FCT377 

IDT54FCT138 

IDT54FCT240 

IDT54FCT273 

MICROPROCESSOR 

IDT 

5962-87708 

IDT39C10 
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RADIATION HARDENED TECHNOLOGY 


IDT manufactures and supplies radiation hardened products for 
military/aerospace applications. Utilizing special processing and 
starting materials, IDT’s radiation hardened devices are able to 
survive in hostile radiation environments. In total dose, dose rate 
and environments where single event upset is of concern, IDT 
products are designed to continue functioning without loss of per- 
formance. IDT can supply all of its products on these processes. 


Total Dose radiation testing is performed in-house on an ARACOR 
X-Ray system. External facilities are utilized for device research on 
gamma cell, LINAC and other radiation equipment. IDT has anon- 
going research and development program for improving radiation 
handling capabilities (See “IDT Radiation Tolerant/Enhanced 
Products for Radiation Environments” in Section 3) of IDT prod- 
ucts/processes. 



IDT LEADING EDGE CEMOS TECHNOLOGY 


HIGH-PERFORMANCE CEMOS 

CEMOS™ (the “E” stands for enhanced) is a state-of-the-art 
proprietary CMOS technology initially developed and continually 
refined by IDT to be at the leading-edge of new high-speed CMOS 
processes. It incorporates the best characteristics of traditional 
CMOS, including low power, high noise immunity and wide operat- 
ing temperature range; it also achieves speed and output drive 
equal or superior to bipolar Schottky TTL. 

The company has been producing CEMOS products in large 
volume for over six years. During this time, CEMOS technology has 


been re-engineered and refined from the original 2.5 micron 
CEMOS I to the present CEMOS III direct step-on-wafer, dry etch 
process providing gate lengths as small as submicron (Figure 1). 
Continual advancement of CEMOS technology allows IDT to im- 
plement progressively higher levels of integration and achieve in- 
creasingly faster speeds maintaining the company’s established 
position as the leader in high-speed CMOS integrated circuits. 

CEMOS is a technology designed to optimize high-speed, low- 
power and dense integration of advanced architecture VLSI and 
memory products. 
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CEMOS IV = CEMOS III - scaled process optimized for high-speed logic. 


Figure 1. 


DUAL-WELL STRUCTURES 

CEMOS is constructed using an advanced dual-well, or twin- 
well, process architecture (Figure 2) to optimize the overall charac- 
teristics of a high-performance CMOS process. CMOS processes 
using only “P-Wells” result in inferior P (or N) channel transistors or 
compromised P/N channels. This compromise is largely elimi- 
nated by utilizing both a deep underlying main “well” (in this case a 
“P-Well” in “N-substrate") and by altering the doping profile nearer 
the surface of the P-channel transistor regions. The latter region 
becomes the “N-Well” of the dual-well process. This technique 
allows the fabrication of high-performance transistors in both 
polarities. 

The industry now recognizes that the best combination of bal- 
anced capabilities is achieved using this dual-well approach. This 
construction technique supresses punch-through, minimizes junc- 


tion capacitance and transistor body effects and allows extremely 
fast speeds. In addition, it significantly reduces soft errors induced 
by high-energy alpha particles in fine line geometry memory 
products. 

ELECTROSTATIC DISCHARGE (ESD) 
PROTECTION 

Another traditional limitation associated with many MOS and bi- 
polar products is electrostatic discharge induced failures. This 
problem has also been solved by a combination of IDT’s CEMOS 
process and proper circuit design. All IDT products incorporate 
proprietary ESD protection circuitry on all inputs and outputs to en- 
sure that they are insensitive to repeated application of ESD stress 
and do not exhibit the degradation found in other MOS or bipolar 
products which can eventually result in product failure. 
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IDT CEMOS 
Device Cross Section 



Figure 2. 


ALPHA PARTICLES 

Random alpha particles can cause memory cells to temporarily 
lose their contents or suffer a “soft error." Traveling with high en- 
ergy levels, alpha particles penetrate deep into an integrated chip. 
As they burrow into the silicon, they leave a trail of free electron- 
hole pairs in their wake. 

The cause of alpha particles in well documented and under- 
stood in the industry. IDT has considered various techniques to 
protect the cells from this hazardous occurrence. These tech- 
niques include dual-well structures (Figures 2 & 3) and a polymeric 
compound for die coating. Presently, a polymeric compound is 
used in many of IDT’s SRAMs; however, the specific technique 
used may vary and change from device generation to the next as 
the industry and IDT improve the alpha particle protection 
technology. 

LATCHUP IMMUNITY 

A combination of careful design layout, selective use of guard 
rings and proprietary techniques have resulted in virtual elimina- 
tion of latchup problems often associated with older CMOS proc- 
esses (Figure 4). The use of NPN and N-channel I/O devices 
eliminates hole injection latchup. Double guard ring structures are 
utilized on all input and output circuits to absorb injected electrons. 
These effectively cut off the current paths into the internal circuits to 
essentially isolate I/O circuits. Compared to older CMOS proc- 
esses which exhibit latchup characteristics with trigger currents 
form 10-20mA, IDT products inhibit latchup at trigger currents sub- 
stantially greater than 700mA. 


IDT CEMOS 

Built-In High Alpha Particle Immunity 




+5V CEMOS™ 



Figure 3. 

IDT CEMOS 
Latchup Suppression 



Figure 4. 
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SURFACE MOUNT TECHNOLOGY 


To take full advantage of the low-power aspect of CMOS, and 
obtain two to three times the space savings, CMOS products 
should be used as SMDs (surface mount devices). However, most 
integrated circuits sold today are still packaged in the traditional 
DIP (dual in-line package) configuration and there is a tremendous 
support industry to handle thru-board assembly. 

Determined to utilize CMOS advantages, IDT re-invented the 
DIP. This was accomplished by developing multilayered sub- 
strates (either co-fired ceramic or glass filled epoxy FR-4) with dual 
in-line (DIP) or single in-line (SIP) pins. An advanced vapor phase 
reflow surface mount technology was also developed after exhaus- 
tive evaluation proved vapor phase reflow to be the most efficient 
method of heat transfer and to produce the most reliable solder 
connections available. 


Products that are to be interconnected to form larger electronic 
elements are electrically tested, environmentally screened, per- 
formance selected and then thermally matched to the appropriate 
ceramic or glass filled epoxy substrates. After modular assembly, 
the finished product is 100% re-tested to ensure that it completely 
performs to the specifications required. 

As a result, IDT produces extraordinarily dense, high-speed 
combinations of monolithic ICs as complex subsystem modular 
assemblies. These modules convert SMDs to user-friendly DIPs/ 
SIPs providing customers with the density advantages of surface 
mount in a format compatible with their extensive, thru-board, 
assembly expertise. 
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STATE-OF-THE-ART FACILITIES AND CAPABILITIES 


Integrated Device Technology is headquartered in Santa Clara, 
California — the heart of the “Silicon Valley.” The company’s op- 
erations are housed in five facilities totaling close to 400,000 
square feet. These facilities incorporate all aspects of business 
from research and development to design, wafer fabrication, as- 
sembly, environmental screening, test and administration. In- 
house capabilities incorporate scanning electron microscope 
(SEM) evaluation, particle impact noise detection (PIND), plastic 
packaging, military and commercial testing, burn-in, life test and a 
full complement of environmental screening equipment. 

IDT’s 54,000 square foot Corporate Headquarters houses tech- 
nology and product research and development. Teams equipped 
with state-of-the-art computerized design and analytical tools con- 
duct the continuous research and development required to push 
CEMOS technology forward and to create future product lines. 
This facility contains a 10,000 square foot Class 10 (no more than 
10 particles larger than 0.2 micron per cubic foot) wafer fabrication 
clean room used to produce the Microprocessor, DSP and Logic 
product families, as well as support R&D. 

Located adjacent to the headquarter facility, forming an IDT cor- 
porate campus, isa 100,000 square foot two-building complex that 
houses the DSP Division and Microprocessor product line. Design 
and product teams, along with administrative functions, are situ- 
ated in these buildings. 

A second small wafer fabrication area, used for research and de- 
velopment, is also located at this site. This facility houses its own 
design tools, laboratories, test and burn-in facilities and in-house 
plastic assembly. 

IDT’s Subsystem Division is housed in a third Santa Clara loca- 
tion, only a few blocks away from the other sites. This 37,000 
square foot facility contains the development and product teams 
that produce IDT’s FCT, AHCT, IDT39C800 logic families and 
modular assemblies. Included at this facility are a quick turn- 
around hermetic package assembly line and an advanced vapor 
phase reflow surface mounting module assembly area. 

IDT’s largest facility is located in Salinas, California, about an 
hour away from Santa Clara. This is the Static RAM Division’s 
headquarters, a 100,000 square foot facility located on a 14 acre 
site. Constructed in 1985, this facility houses an ultra-modern 
25,000 square foot high-volume wafer fabrication area measured 


at Class 2-to-3 clean room conditions (a maximum of 2 to 3 parti- 
cles per cubic foot of 0.2 micron or larger) . Careful design and con- 
struction created a clean room environment far beyond the aver- 
age of U.S. fab areas (Class 100), capable of producing large vol- 
umes of very high-density submicron geometry, fast static RAMs. 
This facility also houses shipping areas for IDT’s leadership family 
of CMOS static RAMs. This site has future expansion capabilities to 
accomodate a 250,000 square foot complex. 

IDT’s Packaging and Assembly Process Development teams 
are located at the Corporate Headquarters in Santa Clara. To keep 
pace with the development of new products and to enhance the 
IDT philosophy of “Innovation,” these teams have ultra modern, 
integrated and correspondingly sophisticated equipment and en- 
vironments at their disposal. All manufacturing is completed in 
dedicated clean room areas (Class 10K minimum), with all preseal 
operations accomplished under Class 100 Laminar Flow Hoods. 

Development of assembly materials, processes and equipment 
is accomplished in these two facilities under a fully operational pro- 
duction environment to ensure reliability and repeatable product. 
The Hermetic Manufacturing and Process Development team 
is currently producing custom products to the strict requirements 
of MIL-STD-883. The fully automated plastic facility is currently 
producing high volumes of USA manufactured product while de- 
veloping state-of-the-art surface mount technology, patterned after 
MIL-STD-883. 

To extend these philosophies while maintaining strict control of 
our processes, IDT has acquired an operational Assembly and 
Test facility located in Penang, Malaysia. This facility is being up- 
graded to USA standards and will be fully operational mid-1988. 
As in the USA facility, all assemblies will be accomplished under 
laminar flow conditions (Class 100) until the silicon is encased in its 
final packaging. All products in this facility will be manufactured to 
the quality control requirements of MIL-STD-883. 

IDT’s facilities total nearly 400,000 square feet of floor space and 
house three wafer fabrication clean rooms, four assembly lines, 
five test areas and four burn-in areas. All of these facilities are 
aimed at increasing our manufacturing productivity to supply ever 
larger volumes of high-performance, cost-effective leadership 
CMOS products. 



SUPERIOR QUALITY AND RELIABILITY 


Maintaining the highest standards of quality in the industry on 
ail products is the basis of Integrated Device Technology's manu- 
facturing systems and procedures. From inception, quality and reli- 
ability are built into all of IDT’s products. Quality is “designed in” 
at every stage of manufacturing -as opposed to being “tested-in” 
later— in order to ensure impeccable performance. 

Dedicated commitment to fine workmanship, along with devel- 
opment of rigid controls throughout wafer fab, device assembly 
and electrical test, create inherently reliable products. Incoming 
materials and chemicals are subjected to careful inspections. 
Quality monitors, or inspections, are performed throughout the 
manufacturing flow. 

IDT military grade monolithic hermetic products are designed 
to meet or exceed the demanding Class B reliability levels of MIL- 
STD-883 and MIL-M-38510. 

Product flow and test procedures for all monolithic hermetic mili- 
tary grade products are in accordance with the latest revision and 
notice of MIL-STD-883. State-of-the-art production techniques and 
computer-based test procedures are coupled with tight controls 
and inspections to ensure that products meet the requirements for 
100% screening. Routine quality conformance lot testing is per- 
formed as defined in MIL-STD-883, Methods 5004 and 5005. 

For module assemblies, additional screening of the fully assem- 
bled substrates is performed to assure package integrity and 


mechanical reliability. One-hundred percent electrical tests are 
performed on the finished module to ensure compliance with the 
defined “subsystem” specifications. 

By maintaining these high standards and rigid controls through- 
out every step of the manufacturing process, I DT ensures that com- 
mercial, industrial and military grade products consistently meet 
customer requirements for quality, reliability and performance. 

SPECIAL PROGRAMS 

Class S. IDT also has all manufacturing, screening and test 
capabilities in-house (except X-ray and some Group D tests) to per- 
form complete Class S processing per MIL-STD-883 on all IDT 
products and has supplied Class S products on several programs. 

Radiation Hardened. IDT has developed and supplied several 
levels of radiation hardened products for military/aerospace appli- 
cations to perform at various levels of dose rate, total dose, single 
event upset (SEU), upset and latchup. IDT products maintain 
nearly their same high-performance levels built to these special 
process requirements. The company has in-house radiation testing 
capability used both in process development and testing of deliver- 
able product. IDT also has a separate group within the company 
dedicated to supplying products for radiation hardened applica- 
tions and to continue research and development of process and 
products to further improve radiation hardening capabilities. 
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MILITARY DATA SHEET PARAMETRIC TEST 


For compliant MIL-STD-883 products, IDT tests all electrical pa- 
rameters except those parameters which are footnoted in the data 
sheet as being guaranteed by design or as a summation of other 
parameters. There are no electrical tests performed in production 
or at Group A sample tests for those particular electrical 
parameters. 

In this 1988 Data Book, IDT has identified the electrical parame- 
ters which are guaranteed by design. However, there were omis- 
sions is some of the data sheets and the following electrical pa- 
rameters should have had a footnote identifying them as being un- 
tested but guaranteed by design. 

PART NUMBER PARAMETER 

IDT39C01 C/D/E Cycle Time and Clock Characteristics: 

Read-Modify-Write Cycle, Maximum Clock 
Frequency to shift Q, Min. Clock Period 
IDT39C03A/39C03B Vih, V| L , Min. clock low time, Min. clock high 
time, Min. time CP and WE both low to 
write, Multiply Instructions table, Divide In- 
structions table, Sign magnitude to two’s 
complement conversion table, single 
length normalization table 

IDT39C60/-1/A Combinational Propagation Delays: Gen- 
erate (to DATAo_ 15 ), LEqiag (to DATA 0 - 15 ), 
Internal control mode LE D | AG (to DATA 0 - 15 ), 
Internal control mode DATA 0 - 15 (to 
DATA 0 - 15 ), Generate (to LE 0 ut), Set-up 
and Hold Time Relative to Latch Enable 
IDT39C203/39C203A Vm, Vil, Min. clock low time, Min. clock high 
time, Min. time CP and WE both low to 
write, Multiply Instructions table, Divide In- 
structions table, BCD Instructions table, 
Sign magnitude to two’s complement con- 
version table, single length normalization 
table 

IDT39C705A/B V IH , Vil 

IDT39C707A/B V| H , V, L 

IDT49C401/A Vi H , V| L ; Cycle time and clock characteris- 

tics: Read-modify-write cycle, Max. clock 
frequency to shift Q, Min. clock period 


IDT49C402/A Vih, Vil; Cycle time and clock characteris- 

tics: Read-modify-write cycle, Max. clock 
frequency to shift Q, Min. clock period 
IDT49C403/A Vih, Vil, Multiply Instructions table, BCD In- 

structions table, sign magnitude to two’s 
complement conversion table, Divide In- 
struction table, single length normalization 
table 

IDT49C460/A/B Combinational Propagation Delays: Gen- 

erate (tO DATA0-31), LEqiaG (tO DATA0-31), 
Internal control mode LE D | A g (to DATA0-31), 
Internal control mode DATA0-31 (to 
DATA0-31) 

IDT7200S/L tRLZi twLZ. tRHZ. tRPE, twPF 

IDT7201SA/LA t rlz, twLZ> tRHZ, tRPE, twPF 

IDT7202SA/LA tR[_z, twLZ. tRHZ. 'rpe, twPF 

IDT7203S/L tRLz, twi_z, tRnz. tRPE, twPF 

IDT72103 tRLZ, twLZ, tRHZ. tpoi, tpD2. t SOHZ » tsOLZ. toEHZ. 

toELZ 

IDT72401 tsiR, tniR, tsoR. tiPH, toPH 

IDT72402 t$iR, tniR, tsoR. tiPH, topH 

IDT72403 tsiR, t H ir , tsoR. t hzoe > tiPH, topH 

I DT72404 t sir , t hir , t sor . t hzoe . t iph , t oph 

IDT72413 t|PH, toPH. toRD. tpHZ. tpLZ, tpzL, tpzH 

IDT75C18 Cref, Ci.Vocp, Vqcn. Ro, Co, Fs, tpwL, 

tpwH> tH, tsi, t pi, BWR, TCG, DG, GC, Gl, 
GE, FT c , PSRR (with 60Hz ripple), V| L , V| H , 

VlCM 

IDT75C19 Cref, C|,V 0 cp, V 0 cn, Ro, Co, Fs, tpwL, 

tpwH, tH, t si, tpi, BWR, TCG, DG, GC, Gl, 
GE, FTc , PSRR (with 60Hz ripple), Vil, Vih, 

VlCM 

IDT75C458 tcLKT, tvr, tg.Tsi , FT, Ge, CT 

IDT75C48 Rin, Cin, C|, Too, Ttr, Eap, Vil, Vih 

IDT75C58 tHz, tLZ, tzH, tzL, Rin, Cin, loz, Ci, Co, Too, 

Ttr, Eap 



IDT QUALITY CONFORMANCE PROGRAM 


A COMMITMENT TO QUALITY 

Integrated Device Technology’s monolithic and modular 
assembly products are designed, manufactured and tested in 
accordance with the strict controls and procedures required by 
Military Standards. The documentation, design and manufac- 
turing criteria of the Quality and Reliability Assurance Program 
were developed and are being maintained to the most current 
revisions of MIL-M-38510 and MIL-STD-883 requirements. 

Product flow and test procedures for all Class B monolithic 
hermetic Military Grade microcircuits are in full compliance with 
paragraph 1.2.1 of MIL-STD-883. State-of-the-art production 
techniques and computer-based test procedures are coupled with 
stringent controls and inspections to ensure that products meet the 
requirements for 100% screening and quality conformance tests 
as defined in MIL-STD-883, Methods 5004 and 5005. 

Product flow and test procedures for all modular hermetic 
products are fully compliant with the MIL-STD-883 test procedures 
for electronic module assemblies on ceramic substrates. 

Product flow and test procedures for all plastic and commercial 
hermetic products are in accordance with industry practices for 
producing highly reliable microcircuits to ensure that products 
meet the IDT requirements for 100% screening and quality 
conformance tests. 

By maintaining these high standards and rigid controls through- 
out every step of the manufacturing process, IDT ensures that our 
products consistently meet customer requirements for quality, 
reliability and performance. 

SUMMARY 

MONOLITHIC HERMETIC PACKAGE PROCESSING 
FLOW (1> 

Refer to the Monolithic Hermetic Package Processing Flow 
diagram. All test methods refer to MIL-STD-883 unless otherwise 
stated. 

1. Wafer Fabrication: Humidity, temperature and particu- 
late contamination levels are controlled and maintained 
according to criteria patterned after Federal Standard 209, 
Clean Room and Workstation Requirements. All critical 
workstations are maintained at Class 100 levels or better. 
Wafers from each wafer fabrication area are subjected to 
Scanning Electron Microscope analysis on a periodic 
basis. 

2. Die-Sort Visual Inspection: Wafers are cut and separated 
and the individual die are 100% visually inspected to strict 
IDT defined internal criteria. 


3. Die Shear Monitor: To ensuredie attach integrity, product 
samples are routinely subjected to a shear strength test 
per Method 2019. 

4. Wire Bond Monitor: Products samples are routinely 
subjected to a strength test per Method 201 1 , Condition D, 
to ensure the integrity of the lead bond process. 

5. Pre-Cap Visual: Before the completed package is sealed, 
100% of the product is visually inspected to Method 2010, 
Condition B criteria. 

6. Environmental Conditioning: 100% of the sealed prod- 
uct is subjected to environmental stress tests. These 
thermal and mechanical stress tests are designed to 
eliminate units with marginal seal, die attach or lead bond 
integrity. 

7. Hermetic Testing: 100% of the hermetic packages are 
subjected to fine and gross leak seal tests to eliminate 
marginally sealed units or units whose seals may have 
become defective as a result of environmental condition- 
ing tests. 

8. Pre-Burn-In Electrical Test: Each product is 100% 
electrically tested at an ambient temperature of + 25°C to 
IDT data sheet or the customer specification. 

9. Burn-In: 100% of the Military Grade product is burned-in 
under dynamic electrical conditions to the time and 
temperature requirements of Method 1015, Condition D. 
Except for the time, Commercial Grade product is 
burned-in to the same conditions as Military Grade 
devices. 

10. Post-Burn-In Electrical: After burn-in, 100% of the 
Class B Military Grade product is electrically tested to IDT 
data sheet or customer specifications over the -55° C to 
+ 1 25° C temperature range. Commercial Grade products 
are sample tested to the applicable temperature extremes. 

1 1 . Mark: All product is marked with product type and lot code 
indentifiers. MIL-STD-883 compliant Military Grade 
products are identified with the required compliant code 
letter. 

12. Quality Conformance Tests: Samples of the Military 
Grade product which have been processed to the 100% 
screening tests of Method 5004 are routinely subjected to 
the quality conformance requirements of Method 5005. 


NOTE: 

1. For quality requirements beyond Class B levels such as SEM analysis, X-Ray inspection, Particle Impact Noise Reduction (PIND) test, Class S 
screening or other customer specified screening flows, please contact your Integrated Device Technology sales representative. 



Monolithic Hermetic Package Processing Flow 


(SEE NOTE 1) 
WAFER FAB 


INCOMING 
PREFORM 
( SAMPLE) 

INCOMING 

PACKAGE 

(SAMPLE) 


INCOMING 
WIRE (SAMPLE) 


WAFER PREP FOR ASSEMBLY 


DIE-SORT VISUAL INSPECTION 


©— 


P© 


DIE OPTICAL 
INSPECTION SAMPLE 


©— 


b© 


DIE ATTACH 

DIE ATTACH 
PUSH TEST 
SAMPLE 


WIRE BOND 


b© 


LEAD BOND PULL 
TEST SAMPLE 


INCOMING 
LIDS (SAMPLE) 


©- 


PRE-CAP VISUAL 


h® 


PRE-CAP VISUAL 
SAMPLE 


P 


SEAL 

BACK MARK 
STABILIZATION BAKE 
TEMP CYCLE 
CENTRIFUGE 


□ FINE LEAK TEST 


FORM 


AS 

REQUIRED 


< 


GROSS LEAK TEST 


TRIM 


ATTACH 
BUMPER CHIP 


AS 

REQUIRED 


r© 


q T HERMETICITY SAMPLE: 
(SEE NOTE 3) 

EXTERNAL VISUAL 


PRE BURN-IN 
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MIL-STD-883 

TEST METHOD & CONDITIONS 
IDT SPEC 


2019 

1 

(> 2.5kg) 

1 

IDT SPEC 

2011 

I 

(>3.0 grams) 

l 

2010 

| 

COND. B 

1 

2010 

COND. B 


IDT SPEC 


IDT SPEC PROVIDES LOT TRACEABILITY 

I 

1008 COND. C, 24HR/150°C 


1010 COND. C.10 CYCLES 
| -65°CTO +150°C 

2001 COND. E, Y1 Direction 
>30kg (PKG < 5g) 
>20kg (PKG > 5g) 


1014 COND. A or B, 

| <5.0 X 10- 8 ATM/CC/SEC. 

1014 COND. C 


IDT SPEC 


1014 


IDT SPEC 


FINE LEAK: 
COND. A or B 
<5.0X10-8 
ATM/CC/SEC. 


GROSS LEAK: 
COND. C 


5004 


DC. AC, FUNCTIONAL @ 
(SEE NOTE 2) 


-25°C 


SEE FINAL PROCESSING FLOW ON PAGE 3-3 FOR REMAINDER OF OPERATIONS AND NOTES 
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Operation 

MIL-STD-883 

Test Method 

Military 

Compliant 

Commercial 

Military 
Temp. Range 

Commercial 
Temp. Range 

Burn-In 

1015/D at + 125 °C 

Min. or Equivalent 

100% 

160 Flours 

100% 

16 Flours 

100% 

16 Flours 

Post Burn-in Electrical: Static (DC), Functional and 

Switching (AC)< 2 ) 

IDT Spec. 

100% 

+ 25, -55 & 

+ 1 25° C 

100% 

+ 1 25° C 

100% 

+ 70°C 

Percent Defective Allowed (PDA) < 4 > 

5004 or IDT Spec. 

5% 

10% 

10% 

Group A Electrical: Static (DC), Functional and 

Switching (AC)* 2 * 

5005 & IDT Spec. 

Sample 
-55 & + 125°C 

Sample 
+ 125°C 

Sample 
+ 70°C 

Mark/Lead Straighten 

IDT Spec. 

100% 

100% 

100% 

+ 25°C Electrical (2) 

IDT Spec. 

100% (5 > 

100% 

100% 

Final Visual/Pack 

IDT Spec. 

100% 

100% 

100% 

Quality Conformance Inspection 

5005 (Group B, C, D) 

Yes 

- 

- 

Quality Shipping Inspection 
(Visual/Plant Clearance) 

IDT Spec. 

Sample 

Sample 

Sample 


NOTES: 


1. All screens are 100% unless otherwise noted. 

2. All electrical test programs are per the applicable IDT test specification. 

3. This hermeticity sample is performed after all lead finish operations. 

4. If a lot fails the 5% PDA but is <10%, the lot may be resubmitted to bum-in one time only to the same time and temperature conditions as 
first submission. The subsequent post burn-in electrical test at +25°C will be performed to a PDA of 3%. 

5. IDT performs a 100% electrical test at + 25°C with a 2% PDA limit at this point to satisfy group A requirements, and considers this to be 
equivalent to the group A requirement of an LTPD of 2, with an accept number of 0. If a lot fails the 2% PDA limit, it may be rescreened 
one time only to a tightened PDA limit of 1 .5%. 

6 © Quality sample inspection 
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SUMMARY 

MONOLITHIC PLASTIC PACKAGE PROCESSING FLOW 

Refer to the Monolithic Plastic Package Processing Flow 
diagram. All test methods refer to MIL-STD-883 unless otherwise 
stated. 

1. Wafer Fabrication: Humidity, temperature and particu- 
late contamination levels are controlled and maintained 
according to criteria patterned after Federal Standard 209, 
Clean Room and Workstation Requirements. All critical 
workstations are maintained at Class 100 levels or better. 
Topside silicon nitride passivation is applied to all wafers 
for better moisture barrier characteristics. 

Wafers from each wafer fabrication area are subjected to 
scanning electron microscope analysis on a periodic 
basis. 

2. Die-Sort Visual Inspection: Wafers are cut and separated 
and the individual die are 1 00% visually inspected to strict 
internal criteria. 

3. Die Push Test: To ensure die attach integrity, product 
samples are routinely subjected to die push tests. 

4. Wire Bond Monitor: Product samples are routinely 
subjected to wire bond pull tests to ensure the integrity of 
the lead bond process. 

5. Pre-cap Visual: Before the package is molded, 100% of 
the product is visually inspected to criteria patterned after 
MIL-STD-883, Method 2010, Condition B. 


6. Post Mold Cure: Plastic encapsulated devices are baked 
to insure an optimum plastic seal so as to enhance mois- 
ture barrier characteristics. 

7. Pre-Burn-In Electrical: Each product is 100% electrically 
tested at an ambient temperature of +25°C to IDT data 
sheet or the customer specification. 

8. Burn-In: Except for MSI Logic family devices where it may 
be obtained as an option, all Commercial Grade plastic 
package products are burned-in 16 hours at + 125°C (or 
equivalent), utilizing the same bum-in circuit conditions as 
the Military Grade product. 

9. Post-Burn-In Electrical: After burn-in, 100% of the plastic 
product is electrically tested to IDT data sheet or customer 
specifications at the maximum temperature extreme. The 
minimum temperature extreme is tested periodically on an 
audit basis. 

1 0. Mark: All product is marked with product type and lot code 
identifiers. 

11. Quality Conformance Inspection: Samples of the plastic 
product which have been processed to 100% screening 
requirements are subjected to the Periodic Quality Confor- 
mance Inspection Program. Where indicated the test 
methods are patterned after MIL-STD-883 criteria. 
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Monolithic Plastic Package Processing Flow 


WAFER FABRICATION 


(SEE NOTE 1) 


WAFER PREP. FOR ASSEMBLY 

DIE-SORT VISUAL 

DIE OPTICAL INSPECTION 


INCOMING LEAD FRAME VIS/DIM/ 
SAMPLE 


INCOMING DIE ATTACH EPOXY 
SAMPLE 


r~® 


OPTICAL INSPECTION SAMPLE 


INCOMING GOLD WIRE 
SAMPLE 


INCOMING MOLDING COMPOUND 
SAMPLE 


©-* 

“ FRAME LOAD 

EPOXY DIE ATTACH AND CURE 
«-( q ) DIE ATTACH PUSH TEST SAMPLE 

®- 

o THERMOSONIC WIRE BOND 

LEAD BOND PULL TEST SAMPLE 
j ~| PRE-CAP OPTICAL INSPECTION 

PRE-CAP OPTICAL SAMPLE INSPECTION 


<§H 


ENCAPSULATION/MOLD 
CHEMICAL DEFLASH 


BURN-IN BIASED/DYNAMIC AT +125°C, 
16 HRS. MINIMUM (OR EQUIVALENT) 

ON ALL PRODUCTS 

EXCEPT MSI LOGIC FAMILY DEVICES 

(FCT, AND 39C800), 

ON WHICH IT MAY BE OBTAINED AS 
AN OPTION . 






POST MOLD CURE 
MECHANICAL DEFLASH 
TRIM/FORM/SINGULATION 
SOLDER DIP 

OPEN/SHORT TEST SAMPLE 
EXTERNAL VISUAL 

PRE-BURN-IN ELECTRICAL TEST +25°C (SEE NOTE 2) 
BURN-IN 

POST BURN-IN ELECTRICAL TEST +70°C (SEE NOTE 2) 
I PDA I ^ 10% 


r~© ELECTRICAL TEST QUALITY SAMPLE +70°C (SEE NOTE 2) 
_ TOPSIDE MARK 
LEAD STRAIGHTEN 

100% ELECTRICAL TEST +25°C (SEE NOTE 2) 

I pda I ^5% (SEE NOTE 3) 


I Q I SHIPPING INSPECTION GATE 


NOTES: 

1) All screens are 100% unless otherwise noted. 

2) All electrical test programs are per the applicable IDT test specification. 

3) IDT performs a 100% electrical test at + 25°C with a 5% PDA limit at this point. 

4) (q) = Quality sample inspection 
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SUMMARY 

MODULE ASSEMBLY HERMETIC PACKAGE 
PROCESSING FLOWW 

Refer to the Module Assembly Hermetic Package Processing 
Flow diagram. All test methods refer to MIL-STD-883 unless 
otherwise stated. 

Components 

1 . Military Grade Class B monolithic microcircuit prod- 
ucts utilized in Module Assembly products are 
manufactured and screened in compliance with the 
applicable demanding criteria of MIL-STD-883. (See the 

. Monolithic Hermetic Package Processing Flow diagram.) 

2. Commercial Grade monolithic microcircuit products 
utilized in Module Assembly products differ from Military 
Grade only in the burn-in time and electrical test 
temperatures. 

3. Passive components such as chip capacitors are 
obtained from qualified vendors to the applicable military 
and IDT specifications. 

Modules 

1 . Module Assembly: The active and passive components 
and substrates used in the assembly of modules must 
pass incoming inspection requirements. The components 
are then mounted onto the substrate using the reflow 
solder vapor phase technique. 


2. Pre-Burn-In Electrical Test: Each module is 100% 
electrically tested at an ambient temperature of + 25° C to 
IDT data sheet or the customer specification. 

3. Burn-In: 100% of Military Grade module product is 
burned-in under the dynamic electrical conditions of 
Method 1015, Condition D, for 44 ± 4 hours at a T A of 
+ 125°C. Commercial Grade module products do not 
require burn-in. 

4. Post-Burn-In Electrical: After burn-in, 100% of the 
Class B Military Grade product is electrically tested to IDT 
data sheet or customer specifications over the -55° C to 
+ 125°Ctemperature range. Commercial Grade products 
are sample tested to the applicable temperature extremes. 

5. PDA Calculation: A PDA (Percent Defective Allowed) of 
5% is imposed on all Military module products for the 
25° C parameters after completion of burn-in. 

6. M ark: All product is marked with product type and lot code 
identifiers. MIL-STD-883 compliant Military Grade prod- 
ucts are identified with the required compliancy code 
letter. 

7. Quality Conformance Tests: Samples of the Military 
Grade product which have been processed to 100% 
screening tests are routinely subjected to the Quality 
Conformance Inspection requirements of MIL-STD-883 
applicable to Module Assembly products. 

8. External Visual: Product is 100% visually inspected prior 
to shipment to the applicable criteria for modules as 
required by MIL-STD-883. 


NOTE: 

1. For quality requirements beyond Class B levels, such as SEM analysis. X-ray inspection. Particle Impact Noise Detection (PIND) test, Class S 
screening or other customer specified screening flows, please contact your Integrated Device Technology sales representative. 
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Module Assembly Hermetic Package Processing Flow 


MOTHER BOARD 
INCOMING 
INSPECTION 
( SAMPLE) 


COMPONENT 

INCOMING 

INSPECTION 

(SAMPLE) 



SEE FINAL PROCESSING FLOW ON PAGE 3-8 FOR REMAINDER OF OPERATIONS AND NOTES 



Module Assembly Hermetic Package Final Processing Flow 


Operation 

MIL-STD-883 

Test Method 

Military 

Compliant 

Commercial 

Military 
Temp. Range 

Commercial 
Temp. Range 

Burn-In 

1015/D at +125°C 

Min. or Equivalent 

100% 

44 ± 4 Hours 

- 

- 

Post Bum-in Electrical: Static (DC), Functional and 

Switching (AC) (2) 

IDT Spec. 

100% 

+ 25, -55 & 

+ 125°C 

100% 

+ 125° C 

100% 

+ 70°C 

Percent Defective Allowed (PDA)< 3 ) 

5004 

5% 

- 

- 

Group A Electrical: Static (DC), Functional and 

Switching (AC) <2) 

IDT Spec. 

Sample 
-55 & +125°C 

Sample 
+ 125°C 

Sample 
+ 70°C 

Mark/Lead Straighten 

IDT Spec. 

100% 

100% 

100% 

+ 25°C Electrical <2) 

IDT Spec. 

100% (4) 

100% 

100% 

Final Visual/Pack 

IDT Spec. 

100% 

100% 

100% 

Quality Conformance Inspection 

(Note 5) 

Yes 

- 

- 

Quality Shipping Inspection 
(Visual/Plant Clearance) 

IDT Spec. 

Sample 

Sample 

Sample 


NOTES: 

1 . All screens are 100% unless otherwise noted. 

2. All electrical test programs are per the applicable IDT test specification. 


3. If a lot fails the 5% PDA but is <10%. the lot may be resubmitted to bum-in one time only to the same time and temperature conditions as 
first submission. The subsequent post burn-in electrical test at + 25 0 C will be performed to a PDA of 3%. 

4. IDT performs a 1 00% electrical test at + 25° C with a 2% PDA limit at this point to satisfy group A requirements, and considers this to be 
equivalent to the group A requirement of an LTPD of 2. with an accept number of 0. If a lot fails the 2% PDA limit, it may be rescreened 
one time only to a tightened PDA limit of 1 .5%. 

5. IDT presently utilizes QCI tests patterned after method 5005. A new method for module products is under development by the military. 

6 © Quality sample inspection 
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RADIATION TOLERANT/ENHANCED/HARDENED PRODUCTS FOR 
RADIATION ENVIRONMENTS 


INTRODUCTION 

The need for high-performance CMOS integrated circuits in 
military and space systems is more critical today than ever before. 
The lower power dissipation that is achieved using CMOS technol- 
ogy, along with the high complexity and density levels, makes 
CMOS the nearly ideal component for all types of applications. 

Systems designed for military or space applications are 
intended for environments where high levels of radiation may be 
encountered. The implication of a device failure within a military or 
space system clearly is critical. IDT has made a significant contri- 
bution toward providing reliable radiation-tolerant systems by 
offering integrated circuits with enhanced radiation tolerance. Ra- 
diation environments, IDT process enhancements and device tol- 
erance levels achieved are described below. 

THE RADIATION ENVIRONMENT 

There are four different types of radiation environments that are 
of concern to builders of military and space systems. These envi- 
ronments and their effects on the device operation, summarized in 
Figure 1, are as follows: 

Total Dose Accumulation refers to the total amount of accumu- 
lated gamma rays experienced by the devices in the system, and is 
measured in RADS(SI) for radiation units experienced at the silicon 
level. The physical effect of gamma rays on semiconductor de- 
vices is to cause threshold shifts (Vt shifts) of both the active tran- 
sistors as well as the parasitic field transistors. Threshold voltages 
decrease as total dose is accumulated: at some point, the device 
will begin to exhibit parametric failures as the input/output and 
supply currents increase. At higher radiation accumulation levels, 
functional failures occur. In memory circuits, however, functional 
failures due to memory cell failure often occur first. 

Burst Radiation or Dose Rate refers to the amount of radiation, 
usually photons or electrons, experienced by devices in the sys- 
tem due to a pulse event, and is measured in RADS(SI) persecond. 
The effect of a high dose rate or burst of radiation on CMOS inte- 
grated circuits is to cause temporary upset of logic states and/or 
CMOS latch-up. Latch-up can cause permanent damage to the 
device. 

Single Event Upset (SEU) is a transient logic state change 
caused by high-energy ions, such as energetic cosmic rays, strik- 
ing the integrated circuits. As the ion passes through the silicon, 
charge is created either through ionization or direct nuclear colli- 
sion. If collected by a circuit node, this excess charge can cause a 
change in logic state of the circuit. Dynamic nodes that are not ac- 
tively held at a particular logic state (dynamic RAM cells for exam- 
ple) are the most susceptible. These upsets are transient, but can 
cause system failures known as “soft errors." 

Neutron Irradiation will cause structural damage to the silicon 
lattice which may lead to device leakage and, ultimately, functional 
failure. 


RADIATION 

CATEGORY 

PRIMARY 

PARTICLE 

SOURCE 

EFFECT 

Total Dose 

Gamma 

Space or 
Nuclear 
Event 

Permanent 

DoseRate 

Photons 

Nuclear 

Event 

Temporary 

Upset of Logic 
State or 
Latch-Up 

SEU 

Cosmic 

Rays 

Space 

Temporary 

Upset of 

Logic State 

Neutron 

Neutrons 

Nuclear 

Event 

Device Leakage 
Due to Silicon 
Lattice Damage 


Figure 1. 


DEVICE ENHANCEMENTS 

Of the four radiation environments above, IDT has taken consid- 
erable data on the first two, Total Dose Accumulation and Dose 
Rate. IDT has developed a process that significantly improves the 
radiation tolerance of its devices within these environments. Pre- 
vention of SEU failures is usually accomplished by system-level 
considerations, such as error checking and correction (ECC) cir- 
cuitry, since the occurrance of SEUs is not particularly dependent 
on process technology. Through IDT’s customer contracts, SEU 
data has been gathered on some devices. Little is yet known about 
the effects of neutron-induced damage. For more information on 
SEU testing, contact IDT’s Radiation Hardened Product Group. 

Figure 2 itemizes some of the enhancements that I DT has made 
to its standard process in creating a radiation enhanced process. 
The use of epi substrate material provides a lower substrate resis- 
tance environment to create latch-up free CMOS structures. Field 
and gate oxides are less susceptible to radiation damage (i.e., 
“hardened”) by modifying the process architecture to allow lower- 
temperature processing. Device implants and Vts have been ad- 
justed allowing more Vt margin. 



STANDARD 

ENHANCED 

Substrate Material 

n- 

n- epi/n + 

Field Oxide 

std 

hardened 

Gate Oxide 

std 

hardened 

Vt, n 

0.75 volts 

1 .0 volts 

Vt, p 

-0.75 volts 

-0.6 volts 

Process Temperature 
Post Gate Oxide 

1000°C 

900°C 


Figure 2. 
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RADIATION HARDNESS CATEGORIES 

With the process enhancements described above, IDT offers in- 
tegrated circuits with varying grades of radiation tolerance, or ra- 
diation “hardness,” shown in Figure 3. The level of radiation hard- 
ness is defined by IDT as follows: 

• Radiation Enhanced integrated circuits are defined as being 
able to withstand a total dose of 30KRADs(Si) [memory devices, 


100K RADs(Si) capability for non-memory products] without 
failure. 

• Radiation Tolerant integrated circuits are defined as being able 
to withstand a total dose of 10K RADs(Si) without failure. Stan- 
dard IDT products can be expected to exhibit radiation toler- 
ance of (withstand) a total dose of 4K-6K RADs(Si) without 
failure. 


TYPE OF 
RADIATION 

UNITS 

PRODUCT TYPES 

MEMORY M EMORY + LOGIC 

LOGIC 

IDT 

PROCESS 

Total Dose 

K RADs(Si) 

<6K <6K <15K 

Standard 


Rate: 10K 

> 10K > 10K > 10K 

Tolerant 


RADs(Si)/min. 

>30K >30K >30K 

Enhanced 

Dose Rate 

RADs(Si)/sec. 

1.0E8 

Standard 

(Latchup) 

pulse width = 50ns 

1.0E8 

Tolerant 



>2.4E10 >2.4E10 >2.4E10 

Enhanced 



No Latchup 



Figure 3. 


Integrated Device Technology now offers devices processed to 
each of these radiation tolerant levels across the full product line. 


The appropriate part number corresponding to these radiation 
hardness categories is defined in Figure 4. 


IDT XXXXX A 999 A A AA 

DEVICE TYPE POWER SPEED PACKAGE PROCESS RAD HARD 


MIL-STD-883, CUSS B f- 

Standard Blank I 

Radiation Tolerant RT 

Radiation Enhanced RE 


Figure 4. 


Please contact your local IDT sales representative or factory 
marketing to determine availability and price of any IDT product 
processed in accordance with one of these levels of radiation 
hardness. 

CONCLUSION 

There has been widespread interest within the military and 
space community in IDT’s CMOS product line for its radiation 


hardness levels, as well as its high-performance and low power 
dissipation. To serve this growing need for CMOS circuits that 
must operate in a radiation environment, IDT has created a sepa- 
rate group within the company to concentrate on supplying prod- 
ucts for these applications. Continuing research and development 
of process and products, including the use of in-house radiation 
testing capability, will allow Integrated Device Technology to offer 
continuously increasing levels of radiation-tolerant solutions. 
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SRAM INTRODUCTION 


Integrated Device Technology is the major U.S. supplier of high- 
performance Static Random Access Memories. Leading edge 
CEMOS and BiCEMOS process technology, coupled with 
advanced design techniques, enables IDT to supply our military 
and commercial customers with production volumes of the 
industry’s fastest SRAMs. IDT is committed to providing our 
customers with early access to innovative circuit designs, taking 
full advantage of this advanced process technology. This results in 
the broadest range of SRAM speeds, densities and organizations 
available in today’s market. 

Integrated with performance leadership at IDT is a commitment 
to provide our customers with a wide selection of SRAM organiza- 
tions. 16K, 64K and 256K devices are offered in xl, x4 and x8 
organizations. This year, these offerings will be expanded to 
include x16 and x9 devices, as well as 1 Megabit densities. To 
further match IDT SRAMs with system architectural needs, several 
devices are available with separate inputs and outputs, additional 
control features and functions. 

Leadership products offered by IDT include BiCEMOS devices, 
incorporating both TTL and ECL compatible inputs and outputs, as 
well as CEMOS devices offering true CMOS I/O levels. These 
products confirm our charter to offer technology to system design- 
ers in its most friendly and usable form. 

Our intensive and innovative process technology development 
effort has resulted in truly outstanding advances in device perform- 
ance. Over the past 7 years, as an example, our 2K x 8 SRAM has 
been redesigned in successively advanced CEMOS processes, 


progressing from 2p geometries to less than Ip. This resulted in 
access time being improved by about a factor of 10, to the currently 
available 15 nanosecond devices. This continuing dedication to 
advancement will result ini Megabit CEMOS devices and 256Kbit 
BiCEMOS devices this year. 

IDT’s advanced SRAMs are available in a wide variety of 
packages, ranging from commercial surface mount through DIPs 
and LCCs to military flatpacks. This continually expanding 
package offering is in direct response to critical second-level 
interconnect issues confronting today’s system designer. Our 
commitment to technology extends to advanced, cost-effective 
packaging techniques. 

Both commercial and military versions of all IDT SRAMs are 
available. Our military devices are manufactured and processed 
strictly in conformance with all the administrative, processing and 
performance requirements of MIL-STD-883. Having anticipated 
increased military radiation resistance requirements, all devices 
are also offered with special radiation resistant processing and 
guarantees. As a leading supplier of military SRAMs, IDT provides 
performance and quality levels second to none. Our commercial 
products, in fact, share most processing steps with military 
devices. 

IDT's continuing commitment to cutting edge technology and 
performance will assure the availability of SRAMs most compatible 
with the exacting needs of today’s syste ms. Look to I DT SRAMs for 
performance, technology, quality and imaginative solutions to 
memory system problems. 
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CMOS STATIC RAMS 
16K (16K x 1-BIT) 


IDT6167SA 

IDT6167LA 


FEATURES: 

• High-speed (equal access and cycle time) 

- Military: 15/20/25/35/45/55/70/85/1 00ns (max.) 

- Commercial: 12/15/20/25/35ns (max.) 

• Low power consumption 

- IDT6167SA 
Active: 200mW (typ.) 

Standby: IOOjjW (typ.) 

- IDT6167LA 
Active: 150mW (typ.) 

Standby: lOpW (typ.) 

• Battery backup operation— 2V data retention voltage 
(IDT6167LA only) 

• Available in 20-pin CERDIP and plastic DIP, 20-pin Flatpack or 
CERPACK, 20-pin SOIC and 20-pin leadless chip carrier 

• Produced with advanced CEMOS ™ high-performance 
technology 

• CEMOS process virtually eliminates alpha particle soft-error 
rates 

• Separate data input and output 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-84132 is pending listing on 
this function. Refer to Section 2/page 2-4. 


FUNCTIONAL BLOCK DIAGRAM 
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DESCRIPTION: 

The IDT61 67 is a 16,384-bit high-speed static RAM organized as 
16K x 1 . The part is fabricated using IDT’s high-performance, high- 
reliability technology- CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost-effective alternative to bipolar and fast NMOS memories. 

Access times as fast as 12ns are available with maximum power 
consumption of only 660mW. The circuit also offers a reduced 
power standby mode. When CS goes high, the circuit will auto- 
matically go to, and remain in, a standby mode as long as CS re- 
mains high. In the standby mode, the device consumes less than 
10pW, typically. This capability provides significant system-level 
power and cooling savings. The low-power (LA) version also offers 
a battery backup data retention capability where the circuit typi- 
cally consumes only IpW operating off a 2 V battery. 

All inputs and the output of the I DT61 67 are TTL-compatible and 
operate from a single 5V supply, thus simplifying system designs. 
Fully static asynchronous circuitry is used, which requires no 
clocks or refreshing for operation, and provides equal access and 
cycle times for ease of use. 

The IDT6167 is packaged in a space-saving 20-pin, 300 mil 
Plastic DIP or CERDIP, plastic 20-pin SOIC, 20-pin flatpack or 
CERPACK and 20-pin leadless chip carrier, providing high board- 
level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


16,384-BIT 
MEMORY ARRAY 


COLUMN I/O 


COLUMN SELE 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 



DECEMBER 1987 
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IDT6167SA/IDT6167LA CMOS STATIC RAM (16Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 
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A e C 
Dout C 
WE C 
GNDC 


P20-1, 

D20-1, 

S020-2, 

F20-1 

& 

E20-1 


^ v cc 
^ A 13 

□ A(2 

□ An 

□ A| 0 

— J Ag 
=1 A 8 

□ a 7 

— ' Dim 

□cs 


DIP/SOIC/FLATPACK/CERPACK 
TOP VIEW 



TOPvSeW 


LOGIC SYMBOL 



PIN NAMES 


Ag"Ai3 

Address Inputs 

D,n 

DATA IN 


C5 

Chip Select 

Dout 

DATAout 


WE 

Write Enable 

GND 

Ground 


Vcc 

Power 





ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

■out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 
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IDT6167SA/IDT6167LA CMOS STATIC RAM 16K(16Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED DC OPERATING CONDITIONS 


PARAMETER 


MIN. TYP. MAX. UNIT 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 



GRADE 

AMBIENT 

TEMPERATURE 

GND 

Military 

-55° C to + 125°C 

OV 

Commercial 

0°C to +70°C 

ov 


5.0V ± 10% 


5.0V ± 10% 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 

DC ELECTRICAL CHARACTERISTICS v cc = sov ±io% 



PARAMETER 


Input Leakage Current 


TEST CONDITION 



IDT6167SA 

MIN. TYP.* 1 * MAX. 

IDT6167LA 

MIN. TYP.* 1 * MAX. 

MIL. 

- - 10 

- 5 

COM’L. 

5 

2 

MIL. 

- - 10 

- - 5 

COM’L. 

5 

- - 2 


Vpr — Max. 

Output Leakage Current cS=V IH , V 0UT = GND to \fc 0 


V 0L Output Low Voltage I 0 l = 8mA v cc • = Min. 


V 0H Output HIGH Voltage Iqh = " 4 mA, V cc = Min. 


NOTE: 

1 . Typical limits are at Vcc “ 5.0V, + 25°C ambient. 

DC ELECTRICAL CHARACTERISTICS 0 ' v cc = 5.ov ±io%, v LC = o.2V, v HC = v cc -o. 2 v 




PARAMETER 

POWER 

6167SA12* 4 * 

6167LA12* 4 * 

6167SA15 

6167LA15 

6167SA20/25 

6167LA20/25 

6167SA35 

6167LA35 

6167SA45* 5 * 

6167LA45* 5 * 

6167SA55* 5 * 

6167LA55* 5 * 

6167SA70* 5 ) 

6167LA70* 5 * 



COM’L MIL 

COM’L MIL 

COM’L MIL 

COM’L MIL. 

COM’L MIL 

COM’L MIL. 

COM’L. MIL. 

Operating Power 
Supply Current 
CS=V (U , 

SA 

90 

90 90 

90 90 

90 90 

90 

90 

90 

Outputs Open, 

Vcc = Max., 
f = 0< 3 > 

LA 

55 

55 60 

55 60 

55 60 

60 

60 

60 

Dynamic 

Operating Current 
CS = V| L 

SA 

120 

100 120 

100 110/100 

100 100 

- 100 

- 100 

- 100 

Outputs Open, 

V C c = Max., 
f = *max (3) 

LA 

100 

85 90 

80/70 85/75 

65 70 

65 

60 

60 

Standby Power 
Supply Current 
(TTL Level) 

SA 

45 

45 50 

35 35 

35 35 

35 

35 

35 

Vcc = Max., 
Outputs Open 

f = *MAX* 3 > 

LA 

35 

35 35 

30/25 30/25 

20 20 

20 

20 

15 

Full Standby 

Power Supply 
Current (CMOS 
Level) 

SA 

10 

5 10 

■ 

■ 

- 10 

10 

10 

CS > V HC . 

Vqc = Max., 

V| N >V HC or 

V, N < V LC f = 0< 3 > 

LA 

0.9 

■ 

0.05 2/0.9 

0.05 0.9 

- 0.9 

0.9 

0.9 


NOTES: 

1 . All values are maximum guaranteed values. 

2. Also available: 85ns and 100ns Military devices 

3. * = Wx ( Al1 Inputs cycling at f = 1/t RC ). f = 0 means no address control lines change. 

4. 0°C to +70°C temperature range only. 

5. -55°C to + 125°C temperature range only. 








































































































































IDT6167SA/IDT6167LA CMOS STATIC RAM (16K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS 

(L Version Only) V LC = 0.2V, V HC = V cc - 0.2V 







TYP.O) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

V cc@ 

2.0V 3.0V 

Vcc @ 

2.0V 3.0V 

UNIT 

V 0R 

Vcc for Data Retention 

- 

2.0 

- 

- 

V 

■n 

Data Retention Current 


MIL. 

- 

0.5 

1.0 

200 

300 

M-A 

mm 


COM’L. 

- 

0.5 

1.0 

20 

30 

*CDR 

Chip Deselect to Data Retention Time 

cs >V HC 

Mn £ Vhc ° r < V LC 


0 

- 

- 

ns 

t R I 3 ) 

Operation Recovery Time 


*rc (2) 

- 

- 

ns 

Hul (3) 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 

LOW V cc DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


*COR 

3 

4.5V 

^ v 0n > 2V 7 

V DR 

C 

4.5V 

■*" Ir 



E_ \ 

V|H 


f — 

V,H 

K\\\W k 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA 



4800 

30pF* 


m 


DATA our — 
2550 


4800 

5pF* 


rh 


Figure 1. Output Load 


Figure 2. Output Load 
(for tHz.t^.twz anc * *ow) 


* Including scope and jig. 
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IDT6167SA/IDT6167LA CMOS STATIC RAM 16K (16Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

6167SA12 (1) 
6167LA12W 
MIN. MAX. 

6167SA15 
6167LA15 
MIN. MAX. 

6167SA20/25 
6167LA20/25 
MIN. MAX. 

6167SA35/45< 2 > 
6167LA35/45< 2 > 
MIN. MAX. 

6167SA55< 2 >/70< 2 > 
6167LA55< 2 >/70< 2 > 
MIN. MAX. 

UNIT 

READ CYCLE 

f RC 

Read Cycle Time 

12 

Xr 

15 

- 

20/25 

- 

35/45 

- 

55/70 

- 

ns 

l AA 

Address Access Time 

- 

12 

- 

15 

- 

20/25 

- 

35/45 

- 

55/70 


*acs 

Chip Select Access Time 

- 

12 

- 

15 

- 

20/25 

- 

35/45 

- 

55/70 


*0H 

Output Hold from Address Change 

3 £ 

? - 

3 

- 

5 

- 

5 

- 

5 

- 

ns 

tiz 

Chip Deselect to Output in Low Z (3 > 

3 

- 

3 

- 

5 

- 

5 

- 

5 

- 


»HZ 

Chip Select to Output in High Z* 3 I 


8 

- 

10 

- 

10 

- 

15/30 

- 

40 


*PU 

Chip Select to Power Up Time* 3 ) 

Ip- 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD 

Chip Deselect to Power Down Time (3) 

•*4- 

12 

- 

15 

- 

20/25 

- 

35 

- 

55/70 

ns 


NOTES: 

1. 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. Also available: 85 and 100ns Military devices. 

3. This parameter guaranteed but not tested. 



TIMING WAVEFORM OF READ CYC 

:le no. i (1>2) 

— * /c\ — 


< I HC PJ ► 

ADDRESS ^ 

(_ ) 

( 


* u 

H IqH H 

A ^ 


DATA our PREVIOUS DATA VALID ^ 

ono 

^ DATA VALID 


TIMING WAVEFORM OF READ CYCLE NO. 2 (13) 


CS 


DATA out 


v cc Ice 
SUPPLY , 
CURRENT I SB 


\ 


tnc<5)- 


/ 


tACS ' 


tLzW- 




DATA VALID 


W 4 >- 


) 


HIGH IMPEDANCE 




NOTES: 

1. WE is High for READ Cycle. 

2. CS is low for READ cycle. 

3. Address valid prior to or coincident with CS transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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I DT61 67SA/IDT61 67LA CMOS STATIC RAM (16K x 1 -BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

6167SA12 (1) 
6167LA12< 1 > 
MIN. MAX. 

6167SA15 
6167LA15 
MIN. MAX. 

6167SA20/25 
6167LA20/25 
MIN. MAX. 

6167SA35/45< 2 > 
6167LA35/45< 2 > 
MIN. MAX. 

6167SA55< 2 >/70' 2 > 
6167LA55< 2 >/70' 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

12 


15 

- 

20/20 

- 

30/45 

- 

55/70 

- 

ns 

l cw 

Chip Select to End of Write 

12 


15 

- 

15/20 

- 

30/40 

- 

45/55 

- 

ililM 

l AW 

Address Valid to End of Write 

12 


15 

- 

15/20 

- 

30/40 

- 

45/55 

- 


*AS 

Address Set-up Time 

0 

||f - 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WP 

Write Pulse Width 

12 

;f - 

13 

- 

15/20 

- 

30 

- 

35/40 

- 


*WR 

Write Recovery Time 

1»M1 


0 

- 

0 

- 

0 

- 

0 

- 


^DW 

Data Valid to End of Write 

— 


12 

- 

13/15 

- 

20/25 

- 

25/30 

- 

ns 

l DH 

Data Hold Time 

Wtpjjjij 


0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WZ 

Write Enable to Output in High Z (3) 

BUM 


- 

10 

- 

10 

- 

15/30 

- 

40 

ns 

*OW 

Output Active from End of Write (3) 

fri*. 

- 

0 

- 

0 

- 

0 

- 

0 

- 



NOTES: 

1. 0°Cto +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. Also available: 85 and 100ns Military devices. 

3. This parameter guaranteed but not tested. 
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IDT6167SA/IDT6167LA CMOS STATIC RAM 16K (16K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) 







Ig b ( Norma I i zed ) 


I DT61 67SA/IDT61 67LA CMOS STATIC RAM (16Kx 1 -BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT6167SA/IDT6167LA CMOS STATIC RAM 16K (16Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


NORMALIZED TYPICAL DC AND AC CHARACTERISTICS 



-60 40 140 

T a (°C) 



4.0 5.0 6.0 


V C c (V) 



-60 40 140 


T a (°C) 



0 100 200 300 


C L (pF) 


TRUTH TABLE 


MODE 

CS 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

DATA our 

Active 

Write 

L 

L 

High Z 

Active 


CAPACITANCE <t a = +25 °c. t = i.omhz) 


SYMBOL 

PARAMETER^ 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

V|N=°V 

7 

pF 

^OUT 

Output Capacitance 

^OUT = 0V 

7 

PF 


NOTE: 


1 . This parameter is determined by device characterization and is not 
production tested. 










IDT6167SA/IDT6167LA CMOS STATIC RAM (16Kx 1-BIT) 


Device Type Power Speed Package Process/ 

I I I I Temperature 

1 Range 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 




Commercial (0°C to +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

, Plastic DIP 
CERDIP 

Leadless Chip Carrier 
Small Outline 1C 
CERPACK 
Flatpack 

Commercial Only ^ 


\ Speed in Nanoseconds 

Military Only 
Military Only 
Military Only 
Military Only 
Military Only 

Standard Power 
Low Power 

16K (16K x 1-Bit) CMOS Static RAM 
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I 


FEATURES: 

• High-speed (equal access and cycle time) 

- Military: 15/20/25/35/45/55/70/85/1 00ns (max.) 

- Commercial: 15/20/25/35ns (max.) 

• Low power consumption 

- IDT6168SA 
Active: 225mW (typ.) 

Standby: IOOjjW (typ.) 

- IDT6168LA 
Active: 225mW (typ.) 

Standby: 10pW (typ.) 

• Battery backup operation— 2V data retention voltage 
(IDT6168LA only) 

• Available in high-density 20-pin CERDIP and plastic DIP, 
20-pin SOIC, 20-pin Flatpack and CERPACK and 20-pin 
leadless chip carrier 

• Produced with advanced CEMOS ™ high-performance 
technology 

• CEMOS process virtually eliminates alpha particle soft-error 
rates 

• Bidirectional data input and output 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Three-state outputs 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-86705 is listed on this 
function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT6168 is a 16,384-bit high-speed static RAM organized as 
4K x 4. It is fabricated using IDT’s high-performance, high-reliabil- 
ity technology- CEMOS. This state-of-the-art technology, com- 
bined with innovative circuit design techniques, provides a 
cost effective alternative to bipolar and fast NMOS memories. 

Access times as fast as 15ns are available with maximum power 
consumption of only 550mW. The circuit also offers a reduced 
power standby mode. When CS goes high, the circuit will auto- 
maticatly go to, and remain in, a standby mode as long as CS re- 
mains high. In the standby mode, the device consumes less than 
10pW, typically. This capability provides significant system-level 
power and cooling savings. The low-power (LA) version also offers 
a battery backup data retention capability where the circuit typi- 
cally consumes only IjjW operating off a 2V battery. 

All inputs and outputs of the IDT6168 are TTL-compatible and 
operate from a single 5V supply, thus simplifying system designs. 
Fully static asynchronous circuitry is used, which requires no 
clocks or refreshing for operation, and provides equal access and 
cycle times for ease of use. 

The IDT6168 is packaged in either a space saving 20-pin, 300 
mil CERDIP or plastic DIP, 20-pin flatpack or CERPACK, 20-pin 
SOIC, or 20-pin leadless chip carrier, providing high board-level 
packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 198 7 

© 1987 Integrated Device Technology, Ino. DSC-1008/- 
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IDT6168SA/IDT6168LA CMOS STATIC RAM 16K (4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


Ao C 
A, C 
A 2 C 

A 3 C 
A 4 C 

A 5 [I 
Ag C 

a 7 C 

esc 

GNDC 


4 P 20 " 1 ’ 17 
D20-1, 

5 SO20-2, 16 
0 F20-1 15 

7 E20-1 14 

0 13 


□ v cc 
I] A,, 
13 A 10 

□ Ag 

□ A a 

□ 


l/0 4 
l/Qj 

□ I/O, 

□ I/O, 

□ WE 


DIP/SOIC/FLATPACK/CERPACK 
TOP VIEW 



LCC 

TOP VIEW 


PIN NAMES 


A 0 -A 11 Address Inputs 

I/O, -I/O4 Data Input/Output 

C3 Chip Select 

V C c Power 

UqSBBSISSSH 

GND Ground 


ABSOLUTE MAXIMUM RATINGS (1> 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

IS 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

EX 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

birr 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 


UNIT 

mm 

Supply Voltage 

wm 

5.0 

5.5 

mu 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 

6.0 

V 


Input Low Voltage 

-0.5I 1 ) 

- 

0.8 

V 


NOTE: 

1 . V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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I DT61 68S A/I DT61 68 LA CMOS STATIC RAM 16K (4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT6168SA 

MIN. TYP/ 1 ) MAX. 

IDT6168LA 

MIN. TYP* 1 ’ MAX. 

UNIT 


Input Leakage Current 


MIL. 

COM'L. 

10 

- - 2 

5 

2 

pA 

H 

Output Leakage Current 

Vfcc = Max. 

C5 = V| H , V 0UT = GND to V cq 

MIL. 

COM’L. 

- 10 

- - 2 

5 

- - 2 

pA 


Output Low Voltage 

Iol= 10mA, Vcc = Min. 

0.5 

0.5 

V 

Iol = 8mA, V C c = Min- 

0.4 

0.4 

V 

VOH 

Output High Voltage 

Ioh= -4mA, Vcc = Min. 

2.4 

2.4 

V 



NOTE: 

1 . Typical limits are at V cc = 5.0V, + 25°C ambient. 


DC ELECTRICAL CHARACTERISTICS (1) 

V cc = 5.0V ±10%, V LC = 0.2 V, V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

POWER 

6168SA15 

6168LA15 

COM’L MIL. 

6168SA20 

6168LA20 

COM’L. MIL. 

6168SA25 

6168LA25 

COM’L. MIL. 

6168SA35/45< 4 > 

6168LA35/45 (4) 

COM’L. MIL. 

6168SA55 

6168LA55 

COM’L. MIL. 

6168SA70< 2 > 

6168LA70 (2) 

COM’L. MIL. 

UNIT 

1 

Operating Power 

Supply Current 

CS = V IL , 

Outputs Open 

V cc = Max., 
f = 0< 3 > 

SA 

90 100 

90 100 

90 100 

90 100 

100 

100 

mA 

LA 

70 80 

70 80 

70 80 

70 80 

80 

80 

1 

Dynamic 

Operating Current 

CS = V lb 

Outputs Open, 

V cc = Max., 

f = f MAX ( 3 ) 

SA 

120 130 

120 120 

110 120 

100 110 

110 

110 

mA 

LA 

110 120 

100 110 

90 100 

80 90/80 

80 

80 

1 

Standby Power 

Supply Current 
(TTL Level) 

CS >V| H , 

Vcc = Max.. 

Outputs Open, f = Imax <3) 

SA 

45 50 

45 45 

35 45 

30 35 

35 

35 

mA 

LA 

35 40 

30 35 

25 30 

20 25 

20 

20 

1 

Full Standby 

Power Supply 

Current (CMOS 

Level) 

CS > V HC , 

Vqc = Max., 

Vin >V HC or 

V|n<V uc .< = 0 (3) 

SA 

20 20 

20 20 

■ 

■ 

10 

10 

mA 

LA 

■ 

2 5 

0.05 0.3 

0.05 0.3 

0.3 

0.3 


NOTES: 


1. All values are maximum guaranteed values. 

2. Also available 85 and 1 00ns military devices. 

3. f = ly/vx (All inputs except Chip Select cycling at f = 1/tpc). f = 0 means no address or control lines change. 

4. -55 °C to + 125°C temperature range only. 
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IDT6168SA/IDT6168LA CMOS STATIC RAM 16K{4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS (LA Version Only) 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT6168LA 

MIN. TYPO) MAX. 

UNIT 

V DR 

V cc for Retention Data 



2.0 

V 

D 

Data Retention Current 

cs > V cc -0.2V 

V, N > Vcc -0.2V or < 0.2V 

MIL 


P-A 

COM’L. 

- 0.5( 2 > 20( 2 ) 

- 1.0 (3) 30< 3 > 

pA 

*cdr (5) 

Chip Deselect to Data Retention Time 



0 - - 

ns 

t R (5) 

Operation Recovery Time 


<rc' 2 > 

ns 


NOTES: 


1. T A = + 25°C 

2. atV cc = 2V 

3. atV cc = 3V 

4. t RC = Read Cycle Time 

5. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 



V DR > 2V 

f 


Vqr 

4 


1.5V 
-t D • 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5 V 


DATAqut ■ 


2550 


4800 
4= 30pF* 


5 V 


DATA C 


2550 


4800 
T 5 P F * 


Figure 1. Output Load 


Figure 2. Output Load 
(for t H z.tLZ>*wz and *ow) 


* Including scope and jig. 


4-14 






























IDT6168SA/IDT6168LA CMOS STATIC RAM 16K (4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V c c = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

6168SA15 
6168LA15 
MIN. MAX. 

6168SA20/25 
6168LA20/25 
MIN. MAX. 

6168SA35/45W 
6168LA35/45 (1) 
MIN. MAX. 

6168SA55 ( ’> 
6168LA55 (1) 
MIN. MAX. 

e^SAYO* 1 ) 
6168LA70* 1 ) 
MIN. MAX. 

UNIT 

READ CYCLE 

... Irc 

Read Cycle Time 

15 

- 

20/25 

- 

35/45 

- 

55 

- 

70 

- 


t/\A 

Address Access Time 

- 

15 

- 

20/25 

- 

35/45 

- 

55 

- 

70 


*ACS 

Chip Select Access Time 

- 

15 

- 

20/25 

- 

35/45 

- 

55 

- 

70 

l^i 

*OH 

Output Hold from Address Change 

3 

- 

5 


5 

- 

5 

- 

5 

- 


tiz 

Chip Select to Output in Low Z <2 * 

3 

- 

5 

- 

5 

5 

- 

5 

- 


tHZ 

Chip Deselect to Output in High Z< 2 > 

- 

8 

- 

10 

- 

15 

- 

25 

- 

30 


l PU 

Chip Select to Power Up Time! 2 ) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

3| 

*PD 

Chip Deselect to Power Down Time < 2 > 

- 

15 

- 

20/25 

- 

35/40 

- 

50 

- 

60 


tRCS 

Read Command Set-up Time 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

1E3 

^RCH 

Read Command Hold Time 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

S3 


NOTES: 

1 . -55°C to -125°C temperature range only. Also available 85 and 100ns military devices. 

2. This parameter is guaranteed but not tested. 

















































































IDT6168SA/IDT6168LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 <1l2) 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1l3) 



NOTES: 

1 . WE is High for READ Cycle. 

2. is low for READ cycle. 

3. Address valid prior to or coincident with C3 transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

6. This parameter is guaranteed and not 100% tested. 
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IDT6168SA/IDT6168LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

6168SA15 
6168LA15 
MIN. MAX. 

6168SA20/25 
6168LA20/25 
MIN. MAX. 

desLASSMSi 1 ) 
MIN. MAX. 

dessAssw 

6168LA55I 1 ) 
MIN. MAX. 

6168SA70( 1 > 
6168LA70< 1 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*WC 

Write Cycle Time 

15 

- 

20 

- 

30/40 

- 

50 

- 

60 

- 


*cw 

Chip Select to End of Write 

15 

- 

20 

- 

30/40 

- 

50 

- 

60 

- 


*AW 

Address Valid to End of Write 

15 

- 

20 

- 

30/40 

- 

50 

- 

60 

- 


*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


*WP 

Write Pulse Width 

15 

- 

20 

- 

30/40 

- 

50 

- 

60 

- 

B9 

*WR 

Write Recovery Time 

0 

- 

0 

0 

- 

0 

- 

0 

- 

mu 

*DW 

Data Valid to End of Write 

9 

- 

13 

- 

17/20 

- 

20 

- 

25 

- 


*DH 

Data Hold Time 

3 

- 

3 

- 

3 

- 

3 

- 

3 

- 

ns 

*wz 

Write Enable to Output in HighZ* 2 * 

- 

6 

- 

7 

- 

13/20 

- 

25 

- 

30 

ns 

tow 

Output Active from End of Write (2) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


NOTES: 

1. -55°C to -125°C temperature range only. Also available 85 and 100ns military devices. 

2. This parameter is guaranteed but not tested. 
































































IDT6168SA/IDT6168LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) <1>2l3) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (1l2>3>5) 


ADDRESS 


CS 

WE 

DATA , N 










x 


X 


< 


DATA VALID 




NOTES: 

1 . WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (t WP or t cw ) of a low CS and a low WE. 

3. t W R is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals should not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state with a 5pF load (including scope and jig). 
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IDT61 68SA/IDT61 68LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


MODE 

CS 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

Dqut 

Active 


PARAMETERS) 

| CONDITIONS 

MAX. 

UNIT 

Input Capacitance 

_< 

Z 

II 

7 

PF 

Output Capacitance 


7 

PF 






































I DT61 68SA/I DT61 68LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


NORMALIZED TYPICAL DC AND AC CHARACTERISTICS 



I LS I I I l l l 

0 1 2 3 4 5 6 


V,N (V) 



-60 40 140 


Ta (°C) 



4.0 5.0 6.0 

V C c(V) 



-60 40 140 

Ta (°C) 



0 100 200 
C L (pF) 
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I DT61 68SA/IDT61 68LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


XXXXX A 999 A A 

Device Type Power Speed Package Process/ 

[ I | | Temperature 

|i Range 




Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP 
CERDIP 

Leadless Chip Carrier 
Small Outline 1C 
Flatpack 
CERPACK 


15 


20 


25 


35 


45 

Military Only 

55 

Military Only 

70 

Military Only 

85 

Military Only 

100 

Military Only 

SA 

Standard Power 

LA 

Low Power 

6168 

16K (4Kx 4-Bit) 


Speed in Nanoseconds 





FEATURES: 

• Separate data inputs and outputs 

• IDT71681SA/LA: outputs track inputs during write mode 

• I DT71 682/SA/LA: high impedance outputs during write mode 

• High-speed (equal access and cycle time) 

- Military: 25/35/45/55/70/85/1 00ns (max.) 

- Commercial: 20/25/35/45ns (max.) 

• Low power consumption 

- 1DT71681/2SA 
Active: 225mW (typ.) 

Standby: 100pw (typ.) 

- IDT71681/2LA 
Active: 225mW (typ.) 

Standby: 10pw (typ.) 

• Battery backup operation -2V data retention (L version only) 

• High-density 24-pin 300-mil CERD1P and plastic DIP, 24-pin 
Flatpack and CERPACK, 24-pin SOIC and 28-pin leadless 
chip earner 

• Produced with advanced CEMOS ™ high-performance 
technology 

• CEMOS process virtually eliminates alpha particle soft-error 
rates 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71681/IDT71682 are 16,384-bit high-speed static RAMs 
organized as 4K x 4. They are fabricated using IDT’s high- 
performance, high-reliability technology— CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides a cost effective alternative to bipolar and fast 
NMOS memories. 

Access times as fast as 20ns are available, with maximum 
power consumption of only 550mW. Thesecircuits also offer a re- 
duced power standby mode (Isb). When CS goes high, the circuit 
will automatically go to, and remain in, this standby mode as long 
as CS remains high. In the ultra-low-power standby mode (Isbi), 
the devices consume less than IOjjW, typically. This capability pro- 
vides significant system-level power and cooling savings. The low- 
power (L) versions also offer a battery backup data retention capa- 
bility where the circuit typically consumes only IpW operating off a 
2V battery. 

All Inputs and outputs of the IDT71681/IDT71682 are TTL- 
compatible and operate from a single 5V supply, thus simplifying 
system designs. Fully static asynchronous circuitry is used, which 
requires no clocks or refreshing for operation, and provides equal 
access and cycle times for ease of use. 

The IDT71681/IDT71682 are packaged in either space-saving 
24-pin 300 mil DIPS, SOICs, Flatpacks, CERPACKS, or 28-pin 
leadless chip carriers, providing high board-level packing densi- 
ties. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


LOGIC SYMBOL FUNCTIONAL BLOCK DIAGRAM 



MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. DSC-1022/- 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



DIP/SOIC/FLATPACK/CERPACK 
TOP VIEW 



A9 

A 8 

NC 

NC 

Da 

Y4 


top“ew 



PIN NAMES 


> 

0 

1 

> 

Address Inputs 

Di - D 4 

DATA in 

cs 

Chip Select 

Y, -Y 4 

DATAqut 



GND 

Ground 

V CC 

Power 



ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

Q 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Qi 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 

6.0 

V 

Ml 

Input Low Voltage 

-0.51 1 ) 

- 

0.8 

V 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

y cc = 5.0V ±10% 






IDT71681SA 

IDT71681LA 


SYMBOL 

PARAMETER 

TEST CONDITION 


IDT71682SA 

MIN. TYP. (1) MAX. 

IDT71682LA 

MIN. TYP. (1> MAX. 

UNIT 

lllll 

Input Leakage Current 

Vqc — Max., Yn — GND to Vqq 

MIL. 

COM’L. 

- - 10 

5 

- - 5 

- - 2 

pA 


Output Leakage Current 

V cc = Max. 

CS = V 1H ,Vo UT = GNDtoV cc 

MIL 

COM’L. 

- - 10 

- - 5 

5 

2 

pA 

V 0L 

Output Low Voltage 

Iql ~ 1 0mA, Vqc - Min. 

0.5 

0.5 

V 

I 0L = 8mA, V cc = Min. 

0.4 

0.4 

V 

VoH 

Output High Voltage 

Ioh= -4mA, V C c = Min. 

2.4 

2.4 

V 


NOTE: 

1. Typical limits are at V C c = 5.0V, +25°C ambient. 


DC ELECTRICAL CHARACTERISTICS 01 

V cc = 5.0 V ±10%, V LC - 0.2 V, V HC = Vcc - 0-2V 


SYMBOL 

PARAMETER 

POWER 

71681x20 (5) 

71682x20< 5 > 

COM’L. MIL. 

71681x25 

71682x25 

COM’L. MIL. 

71681x35 

71682x35 

COM’L. MIL. 

71681x45 

71682x45 

COM’L MIL. 

71681x55 (6) 

71 682x55 < 6 > 

COM’L. MIL. 

71681x70* 2 ’ 6) 
71682x70< 2 - 6 > 

COM’L. MIL 

UNIT 

1 

Operating Power 
Supply Current 

US = Ml. 

SA 

90 

90 

100 

90 

100 

90 

100 

100 

- 

100 

mA 

Outputs Open, 

V C c = Max., 
f = 0< 3 > 

LA 

70 

70 

80 

70 

80 

70 

80 

80 

- 

80 

1 

Dynamic 

Operating Current 
CS = Ml, 

SA 

120 

110 

120 

100 

110 

100 

110 

110 

- 

110 

mA 

Outputs Open. 

Vcc = Max., 
f = ^MAX* 3 * 

LA 

100 

90 

100 

80 

90 

70 

80 

80 

- 

80 

R 

Standby Power 
Supply Current 
(TTL Level) 

SA 

45 

35 

45 

30 

35 

30 

35 

35 

- 

35 


1 

c 5>M h . 

Vcc = Max.. 
Outputs Open 

f = *MAX* 3 * 

LA 

30 

25 

30 

20 

25 

20 

25 

20 

- 

20 

mA 

1 

Full Standby 

Power Supply 
Current (CMOS 
Level) 

SA 

20 

2 

10 


10 


10 

10 

- 

10 

mA 

C5 > V HC , 

V cc = Max., 

V IN^ V HC° r 

V 1N < V LC . f = 0 (3) 

LA 

2 

0.05 

0.3 

0.05 

0.3 

0.05 

0.3 

0.3 

- 

0.3 


NOTES: 


1 . All values are maximum guaranteed values. 

2. Also available: 85ns and 100ns Military devices. 

3. At f = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t Rc . f = 0 means no input lines change. 

4. “x" in part numbers indicates power rating (SA or LA). 

5. 0°C to + 70°C temperature range only. 

6. -55°C to + 125°C temperature range only. 


1 - 2 - 










































































































IDT71 681 S A/LA and 1DT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS 

(L Version Only) 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT71681LA - IDT71682LA 

MIN. TYPO MAX. 

UNIT 

Ydr 

Vcc for Data Retention 



2.0 

- 

- 

V 

■ 





■ 

100 (2) 





MIL. 



150 (3) 

pA 


Data Retention Current 

cs > V cc - °- 2V 








Vin 2 V C c - U.iiV 


_ 




1 1 


or < 0.2V 

COM L. 

- 



pA 

tcDR <5) 

Chip Deselect to Data Retention Time 



0 

- 

- 

ns 

t R (5) 

Operation Recovery Time 



W 4 > 

- 

- 

ns 


NOTES: 

1. T a = +25°C 

2. at V cc = 2V 

3. at V cc = 3V 

4. t RC = Read Cycle Time 

5. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


DATA RETENTION MODE 



4.5V 

^ V DR >2 V 7 

C 

4.5V 


l C0R 


V DR 



'/////? 

t- \ 

V IH 


/ — 

V,H 

k\\WV 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATA 0 ut — 
2550 


5V 


4800 

30pF* 


DAT A out — 
2550 


5V 



Figure 1. Output Load 


Figure 2. Output Load 
(for t HZ , t^, twz an d tow) 


Including scope and jig. 





























IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS 141 (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71681X20* 11 
71682x20 (1) 
MIN. MAX. 

71681x25 
71682x25 
MIN. MAX. 

71681x35 
71682x35 
MIN. MAX. 

71681x45 
71682x45 
MIN. MAX. 

71681x55* 21 
71 682x55 <2> 
MIN. MAX. 

71681x70< 2 > 
71682 x70 (2) 
MIN. MAX. 

UNIT 

READ CYCLE 

tRC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

- 


*AA 

Address Access Time 

- 

20 

- 

25 

- 

35 

- 

45 

- 

55 

- 

70 


l ACS 

Chip Select Access Time 

- 

20 

- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

mm 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


tL2 

Chip Select to Output in Low Z (3 > 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■■ 

tnz 

Chip Deselect to Output in High Z (3) 

- 

10 

- 

10 

- 

15 

- 

20 

- 

25 

- 

30 


l PU 

Chip Select to Power Up Time* 31 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


l PD 

Chip Deselect to Power Down Time* 31 

- 

20 

- 

25 

- 

35 

- 

40 

- 

50 

- 

60 

m 

^RCS 

Read Command Set-Up Time 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

D 

■HI 

Read Command Hold Time 

-5 

- 

-5 

- 

-5 

- 

-5 

_ 

-5 

- 

-5 

- 

K9 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 

4. “x” in part numbers represents SA or LA. 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 <1>2) 



El 

TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ' 3) I 



NOTES: 

1. WE is High for READ Cycle. 

2. C3 is low for READ cycle. 

3. Address valid prior to or coincident with C5 transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS * 41 (V cc = 5 V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71681X20* 1 * 
71682x20 (1> 
MIN. MAX. 

71681x25 
71682x25 
MIN. MAX. 

71681x35 
71682x35 
MIN. MAX. 

71681x45 
71682x45 
MIN. MAX. 

71681X55* 2 * 
71682x55 (2) 
MIN. MAX. 

71681x70< 2 * 
71682 x70 <2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

l wc 

Write Cycle Time 

20 

- 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

*cw 

Chip Select to End of Write 

20 

- 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

20 

- 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

Us 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WP 

Write Pulse Width 

20 

- 

20 

- 

25 

- 

30 

- 

35 


40 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*DW 

Data Valid to End of Write 

13 

- 

13 

- 

17 

- 

20 

- 

20 

- 

25 

- 

ns 

*dh 

Data Hold Time 

3 

- 

3 

- 

3 

- 

3 

- 

3 

- 

3 

- 

ns 

t| Y 

Data Valid to Output Valid 
(71681 only)* 3 * 

- 

20 

- 

25 

- 

30 

- 

35 

- 

35 

- 

40 

ns 

*WY 

Write Enable to Output Valid 
(71681 only)* 3 * 

- 

20 

- 

25 

- 

30 

- 

35 

- 

35 

- 

40 

ns 

*wz 

Write Enable to Output in HIGH Z 
(71682 only)! 3 * 

- 

7 

- 

7 

- 

13 

- 

20 

- 

25 

- 

30 

ns 

l OW 

Output Active from End of Write 
(71682 only)* 3 * 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


i 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°Cto +125°C temperature range only. 

3. This parameter guaranteed but not tested. 

4. “x” in part numbers represents SA or LA. 
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IDT71681 SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K(4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) (1) 


ADDRESS 


C5 


WE 


DATA IN 

DATA out 

DATA our (®) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) (1) 




1 . WE or C5 must be high during ail address transitions. 

2. If C3 goes high simultaneously with WE high, the outputs remain in the high impedance state. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ±200 mV from steady state voltage with specified loading in Figure 2. 

5. ForlDT71681 only. 

6. For IDT71 682 only. 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K(4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 










CAPACITANCE (T a = + 25 °c.f = i.omhz) 


OUTPUT 

POWER 

High 2 

Standby 

Dout 

Active 

Din 

Active 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS | 

MAX. 

UNIT 

KSSHI 

Input Capacitance 


8 

pF 

Cqut 

Output Capacitance 


8 

PF 
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IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K(4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 








IDT71681SA/LA and IDT71682SA/LA CMOS STATIC RAM 16K (4Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
CERDIP 

Leadless Chip Carrier 
Small Outline 1C 
CERPACK 
Flatpack 

Commercial only 


Military Only 
Military Only 
Military Only 
Military Only 

Standard Power 
Low Power 



16K (4K x 4-Bit) Outputs Follow Inputs 
16K (4K x 4-Bit) High Impedance Outputs 
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CMOS STATIC RAM 
16K (2Kx 8-BIT) 


IDT6116SA 

IDT6116LA 


Integrated Device Technology. Inc. 


FEATURES: 


DESCRIPTION: 


• High-speed 

- Military: 25/30/35/45/55/70/90/120/150ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low-power operation 

- IDT6116SA 
Active: 180mW (typ.) 

Standby: lOOpW (typ.) 

- IDT6116LA 
Active: 160mW (typ.) 

Standby: 20pW (typ.) 

• Battery backup operation— 2V data retention voltage (LA 
version only) 

• Produced with advanced CEMOS ™ high-performance 
technology 

• CEMOS process virtually eliminates alpha particle soft-error 
rates 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Static operation: no clocks or refresh required 

• Available in standard 24-pin DIP, 24-pin TH1NDIP and plastic 
DIP, 24-, 28- and 32-pin LCC, 24-pin SOIC and 24-lead 
CERPACK and Flatpack 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 84036 is listed on this function. 
Refer to Section 2/page 2-4. 


The IDT6116SA/LA is a 16,384-bit high-speed static RAM or- 
ganized as 2K x 8. It is fabricated using IDT’s high-performance, 
high-reliability technology— CEMOS. This state-of-the-art tech- 
nology, combined with innovative circuit design techniques, pro- 
vides a cost-effective alternative to bipolar and fast NMOS 
memories. 

Access times as fast as 25ns are available with maximum power 
consumption of only 666mW. The circuit also offers a reduced 
power standby mode. When CS goes high, the circuit will auto- 
matically go to, and remain in, a standby power mode as long as 
CS remains high. In the standby mode, the low-power device con- 
sumes less than 20pW typically. This capability provides signifi- 
cant system level power and cooling savings. The low-power (LA) 
version also offers a battery backup data retention capability 
where the circuit typically consumes only 1 pW to 4pW operating off 
a 2 V battery. 

All inputsand outputs ofthelDT6116SA/LA are TTL-compatible 
and operation is from a single 5V supply, simplifying system de- 
signs. Fully static asynchronous circuitry is used, requiring no 
clocks or refreshing for operation, providing equal access and cy- 
cle times for ease of use. 

The IDT61 16SA/LA is packaged in 24-pin 600 and 300 mil plas- 
tic or ceramic DIP, 24-, 28- and 32-pin leadless chip carriers, 
24-lead CERPACK and flatpack, and a 24-lead gull-wing SOIC, 
providing high board-level packing densities. 

Military grade product is manufactured in compliance to the 
latest version of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


a 7 

a 6 

As 

A 4 

a 3 

a 2 

Ai 

Ao 

I/O, 

l/0 2 

l/0 3 

GND 


P24-1, 

P24-2, 

D24-1, 

D24-2, 

S024-2, 

E24-1 

& 

F24-1 


24 □ v cc 
23 □ A 8 
22 □ Ag 
21 □ WE 
20 □ 0E 
19 □ Aio 
18 □ CS 
17 □ l/0 8 
16 □ |/ 0 7 
15 □ l/0 6 
14 □ l/0 5 
13 □ l/0 4 


DIP/SOIC/FLATPACK/CERPACK 
TOP VIEW 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology, Inc. DSC-1003/- 
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IDT6116SA/IDT6116LA CMOS 
STATIC RAM 16K (2K x 8-BIT) 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


PIN CONFIGURATIONS 



Ag 

WE 

OE 

Aio 

CE 

l/Oy 

l/Og 


24-PIN LCC 
TOP VIEW 



WE 

OE 

Aio 

NC 

NC 

£3 

l/0 8 


28-PIN LCC 
TOP VIEW 


PIN NAMES 


Ao-Aio Address 

WE Write Enable 

l/Oi - I/Os Data Input/Output 

OE Output Enable 

CS Chip Select 

GND Ground 

V cc Power 



ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

KTTTT71 

VfERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

KB 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

BlfS 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

D 


Storage 

Temperature 

-55 to + 125 

-65 to +150 

D 

Pr 

Power Dissipation 

1.0 

10 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATI NGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 



As 

Ag 

NC 

WE 

UE 

Aio 

US 

l/0 8 

I/O 7 


32-PIN LCC 
TOP VIEW 


LOGIC SYMBOL 




A o 

I/O, 

— 

A i 

i/o 2 

— 

A z 

l/0 3 

— 

A3 

l/0 4 

— 

a 4 

l/0 5 

— 

A s 

i/o 6 

— 

As 

1/07 

— 

A 7 

l/0 8 

— 

a 8 


— 

Ag 



A io 



CS WE 

OE 


m 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. | 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

3.5 

6.0 

V 

V,L 

Input Low Voltage 

-1.00) 

- 

0.8 

V 

C L 

Output Load 

- 

- 

30 

PF 


NOTE: 

1. V |L = -3.0V for pulse width less than 20ns. 
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IDT6116SA/IDT6116LA CMOS 
STATIC RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT6116SA 

MIN. TYP.0) MAX. 

IDT6116LA 

MIN. TYP.0) MAX. 

UNIT 


Input Leakage Current 


MIL. 

COM’L. 

10 

- - 5 

5 

2 

pA 

1 

Output Leakage Current 

Vcc= Max. 

CS = V !H , Voux = GND to Vcc 

MIL. 

COM’L. 

10 

- - 5 

- - 5 

- - 2 

RA 

Mdl 

Output Low Voltage ' 

Iol = 8mA, Vcc = Min. 

0.4 

0.4 

V 

V OH 

Output High Voltage 

Ioh = -4mA, Vcc — Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at Mdc = 5.0V, + 25 °C ambient. 



DC ELECTRICAL CHARACTERISTICS m 

V cc = 5.0V ±10%. V LC = 0.2V, V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

POWER 

6116SA15< 1 2 >/20< 2 > 

6116LA15 (2) /20< 2 > 

6116SA25/30 
61 16LA25/30 

6116SA35 
61 16LA35 

6116SA45/55 

6116LA45/55 

6116SA70/90 

6116LA70/90 

6116SA120/150< 3 ' 

6116LA120/150 <3 > 

UNIT 




COM’L. 

MIL 

COM’L 

MIL 

COM’LMIL 

COM’L 

MIL 

COM’L MIL 

COM’L 

MIL 


■ 

Operating Power 
Supply Current 

CS = V| L , 

Outputs Open. 
Vcc= Max., f = 0 

SA 

120/110 - 

100/80 

110 

80 

90 

80/- 

90 

90 

- 

90 

mA 

H 

LA 

110/100 ’ ' - 

90/75 

105 

75 

85 

75/- 

85 

85 

- 

85 

H 

Dynamic Operating 
Current 

CS = V| L , 

SA 

140/130^ 

Iff 

120/110 

135 

100 

115 

100/- 

100 

100 

- 

100/90 

mA 

■ 

Outputs Open, 

Vqq = Max., 
f = fMAX < 4 > 

LA 

130/120; 


110/105 

125 

95 

105 

90/- 

95/90 

90/85 

- 

85 


Standby Power 
Supply Current 
(TTL Level) 

CS > V IH , 

V cc = Max., 

Outputs Open, 

f = W 4 > 

SA 

40 

r - 

40/35 

45 

25 

35 

25/- 

25 

25 

- 

25 

mA 

LA 

35 

- 

35/30 

40 

25 

30 

20/- 

20 

20/15 

- 

15 

1 

Full Standby Power 
Supply Current 
(CMOS Level) 

CS > V HC . 

Vcc = Max., 

V|N > V HC or 

v, N < v LC . f = o 

SA 

2 f 

- 


10 


10 

21 - 

10 

10 

- 

10 

mA 

LA 

y/0.i 

- 

0.1 

0.9 

0.1 

0.9 

0.1/- 

0.9 

0.9 

- 

0.9 


NOTES: 


1 . All values are maximum guaranteed values. 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4 - f MAX = ^RC 
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IDT61 1 6SA/I DT61 1 6LA CMOS 
STATIC RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(LA Version Only) V LC = 0.2V, V HC = Vcc - 0-2V 







TYP.h) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


MIN. 

Vcc @ 

2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

- 

V 

mm 

Data Retention Current 


MIL. 

- 

0.5 

1.5 

200 

300 

M-A 


cs>v HC 

V|N > Vhc or <V LC 

COM’L. 

- 

0.5 

1.5 

20 

30 

'cDR* 3 * 

Chip Deselect to Data Retention Time 


0 

- 

- 

ns 

t R <3) 

Operation Recovery Time 


tRC (2) 

- 

- 

ns 

msm 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T a = + 25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed, but not tested. 

LOW V CC DATA retention waveform 


C3 


DATA RETENTION MODE 


{ CDR 

3, 

4.5V 

V V DR ^ 2V 7 

Vqr 

C 

4.5V 

"** *R ■*“ 



\ 

V,H 


^ V 

V IH 

\WWV 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAquj 


2550 


4800 
30pF* 


5V 


DATA our 


2550; 


4800 
T 5pF* 


Figure 1. Output Load 


Figure 2. Output Load 
(for toiz> tcLZ. toHZ. 
twHZ. tcHZi tow) 


•Including scope and jig. 
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IDT6116SA/IDT6116LA CMOS 
STATIC RAM 16K(2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%. All Temperature Ranges) 


6116SA15/20<» 6116SA25/30 6116SA35/45 6116SA5^ 2) 6116SA70/90 (2) 6116SA120/150 (2) 

61 16LA1 5/200) 61 16LA25/30 6116LA35/45 6116LA55( 2 > 6116LA70/90< 2 > 6116LA120/150< 2 > UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 


SYMBOL 

PARAMETER 

READ CYCLE 

tRC 

Read Cycle Time 

*AA 

Address Access Time 

Iacs 

Chip Select Access Time 

l CLZ 

Chip Select to Output 
in Low Z < 3 > 

*OE 

Output Enable to 

Output Valid 

l OLZ 

Output Enable to Output 
in LowZ (3) 

tcHZ 

Chip Deselect to Output 
in High Z< 3 > 

toHZ 

Output Disable to Output 
in High Z <3) 

l OH 

Output Hold from Address 
Change 



NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 


TIMING WAVEFORM OF READ CYCLE NO. 1 <1) 




DATA our 


1 . WE is high for read cycle. 

2. Transition is measured ±500mV from steady state with 5pF load (including scope and jig). 
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IDT61 1 6SA/IDT61 1 6LA CMOS 
STATIC RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT6116SA/IDT6116LA CMOS 
STATIC RAM 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS Ofcc = 5V ±10%, All Temperature Ranges) 


6116SA15/20W 6116SA25/30 6116SA35/45 6116SA55< 2 > 61 1 6SA70/90® 61 16SA1 20/150® 

61 16LA1 5/200) 6116LA25/30 6116LA35/45 6116LA55<2> 6116LA70/90<2> 6116LA120/150® UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 


SYMBOL 

PARAMETER 

WRITE CYCLE 

l wc 

Write Cycle Time 

l cw 

Chip Select to End 
of Write 

Uw 

Address Valid to End 
of Write 

*AS 

Address Set-up Time 

w 

Write Pulse Width 

*WR 

Write Recovery Time 

*OHZ 

Output Disable to 

Output in High Z (3) 

*WHZ 

Write to Output in 

High Z< 3 > 

tow 

Data to Write 

Time Overlap 

*DH 

Data Hold from 

Write Time 

tow 

Output Active from 

End of Write! 3 ) 



NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 


35/45 

- 

25/30 

- 

25/30 

- 

0 

20/25 

- 

0 

- 

- 

20/25 

- 

20/25 

15/20 

- 

0 

- 

0 

- 



TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) 0, 2,3,7) 
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IDT61 16SA/IDT6116LA CMOS 
STATIC RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 2, {CS CONTROLLED TIMING)* 1 - 2 - 3 - 5 * 



NOTES: 

1. WE must be high during all address transitions. 

2. A write occurs during the overlap (tew or twr) of a low CS and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and the input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). 

7. If CE is low during a WE controlled write cycle, the write pulse width must be the larger of t WP or (t whz+ 1 dw) to allow the I/O drivers to turn off and data 
to be placed on the bus for the required t DW . If CE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as 
short as the specified t WP . 

NORMALIZED TYPICAL DC AND AC CHARACTERISTICS 


Ice v s. Supply Voltage ICC vs - Temperature Isb vs. Supply Voltage 
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IDT61 16SA/IDT61 1 6 LA CMOS 

STATIC RAM 16K(2Kx 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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1DT6116SA/IDT6116LA CMOS 

STATIC RAM 16K(2Kx 8-BIT) MILITARY AND COMMERCIALTEMPERATURE RANGES 


TRUTH TABLE 


MODE 

■n 


WE 

I/O 

Standby 

H 

X 

X 

High Z 

Read 

L 

L 

H 

DATA out 

Read 

L 

H 

H 

High Z 

Write 

L 

X 

L 

DATA| N 


PINOUT CONFIGURATION 
16K CMOS SRAM 
IDT6116 (2K x 8) 


FUNCTION 

LOGIC 

SYMBOL 

24 DIP / 
SOIC / 
LCC / 

FLATPACK 

PIN NUMBER 

28 LCC 

32 LCC 

Address Line 

a 7 

1 

1 

4 

Address Line 

A 6 

2 

2 

5 

Address Line 

A 5 

3 

3 

6 

Address Line 

A 4 

4 

4 

7 

Address Line 

A 3 

5 

5 

8 

Address Line 

a 2 

6 

6 

9 

Address Line 

A, 

7 

9 

10 

Address Line 

Ao 

8 

10 

11 

Input/Output 

l/Oi 

9 

11 

13 

Input/Output 

l/ 0 2 

10 

12 

14 

Input/Output 

l/ 0 3 

11 

13 

15 

Power Ground 

GND 

12 

14 

16 

Input/Output 

I/O 4 

13 

15 

18 

Input/Output 

l/0 5 

14 

16 

19 

: Input/Output 

l/0 6 

15 

17 

20 

Input/Output 

1/0/ 

16 

18 

21 

Input/Output 

l/0 8 

17 

19 

22 

Chip Select/ 
Data Retention 

CS 

18 

20 

23 

Address Line 

A io 

19 

23 

24 

Output Enable 

OE 

20 

24 

25 | 

Write Enable 


21 

25 

26 

Address Line 


22 

26 

28 

Address Line 

lap 

23 

27 

29 

Power Supply 

■ES 

24 

28 

32 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

| CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

i[^| 

8 

PF 


Output Capacitance 


8 

PF 


NOTE: 


1. This parameter is determined by device characterization, but is not 
production tested. 


THERMAL RESISTANCE 

Typical) 

PACKAGE 

PIN 

COUNT 

e JA 

6 JC 

UNIT 

300 MIL PLASTIC DIP 

24 

54-58 

28-32 

°C/ 

WATT 

600 MIL PLASTIC DIP 

24 

53-56 

25-30 

300 MILCERDIP 

24 

48-52 

24-28 

600 MILCERDIP 

24 

50-55 

17-25 

FLATPACK 

24 

85-90 

24-28 

LCC ^ 

24 

85-110 

30-45 

LCC 

28 

85-90 

28-35 

LCC 

32 

80-90 

25-35 

SOIC 

24 

45-70 

25-30 





























































IDT6116SA/IDT6116LA CMOS 

STATIC RAM 16K(2Kx8-BlT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B 

Plastic THINDIP 
Plastic DIP (600 MIL) 

THINDIP (CERDIP) 

CERDIP (600 MIL) 

Leadless Chip Carrier (Indicate 24-, 28- or 
32-pin) 

Small Outline 1C 

CERPACK 

Flatpack 


Commercial Only 
Commercial Only 


Military Only Speed in Nanoseconds 

Military Only 

Military Only 

Military Only 

Military Only j 


Low Power 
Standard Power 

16K (2K x 8-Bit) Static RAM 




CMOS STATIC RAM 

IDT7187S 

64K (64K x 1-BIT) 

IDT7187L 


FEATURES: 

• High speed (equal access and cycle time) 

- Military: 25/30/35/45/55/70/85ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low power consumption 

- IDT7187S 

Active: 300mW (typ.) 

Standby: 100pw (typ.) 

- IDT7187L 

Active: 250mW (typ.) 

Standby: 30yw (typ.) 

• Battery backup operation -2V data retention (L version only) 

• JEDEC standard high-density 22-pin plastic and hermetic DIP, 
24-pin plastic SOIC, 22-pin and 28-pin leadless chip carrier and 
24-pin flatpack and CERPACK 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Separate data input and output 

• Input and output directly TTL-compatible \ 

• Three-state output 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-86015 is pending listing on 
this function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT71 87 is a 65,536-bit high-speed static RAM organized as 
64K x 1 . It is fabricated using IDT’s high-performance, high-reliabil- 
ity technology, CEMOS. Access times as fast as 1 5ns are available 
with maximum power consumption of 880mW. 

Both the standard (S) and low-power (L) versions of the I DT7 1 87 
provide two standby modes -Isb and Isbi- Isb provides low-power 
operation (358mW max.); Isbi provides ultra-low-power operation 
(5mW max.). The low-power (L) version also provides the capabil- 
ity for data retention using battery backup. When using a 2V bat- 
tery, the circuit typically consumes only 30pW. 

Ease of system design is achieved by the IDT7187 with full asyn- 
chronous operation, along with matching access and cycle times. 
The device is packaged in an industry standard 22-pin, 300 mil 
plastic or hermetic DIP, 24-pin plastic SOIC, 22- and 28-pin lead- 
less chip carriers, or 24-pin flatpack or CERPACK. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


LOGIC SYMBOL FUNCTIONAL BLOCK DIAGRAM 




CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc, 
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DSC- 1025/- 











IDT7187S/1DT7187L CMOS STATIC RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


AoC 
A, C 

a 2 C 

A 3 C 

a 4 C 
a 5 C 

Ag C 
A/ C 
DATAqut IZ 

wee 

GND C 


P22-1 18 
& 

C22-1 


Mac 
A 15 

Al4 
A 13 

a 12 

□ A,, 

^ A 10 

□ A 9 
3 A 8 

□ DATA 1N 

□ CS 


A 0 C 
A, C 

a 2 C 
A3 e 
a 4 C 

NC C 

A 5 C 

Ag C 

a 7 c 

DATAqut e 

we C 

GND c 


DIP 

TOP VIEW 


S024-2 


A i4 
A 13 

a 12 

NC 
> I] A n 
' I] A 10 
s I] Ag 
1 □ Ag 

1 □ DATA H 
i □ C3 




SOIC 
TOP VIEW 


a 14 
A 13 
A, 2 
An 
A 10 
A 9 
Ar 


TOP VIEW 


PIN NAMES 


A o-A 15 

Address Inputs 

DATAin 

Data Input 

CS 

Chip Select 

DATAqut 

Data Output 

WE 

Write Enable 

GND 

Ground 

Vcc 

Power 




FLATPACK/CERPACK 
TOP VIEW 


A 14 

A 13 

a, 2 

a ii 

NC 

A io 

A 9 

Aq 

NC 


28-PIN LCC 
TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (1> 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

H 

ESS 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

Q 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

Wr 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 

6.0 

V 

Vil 

Input Low Voltage 

-o.si 1 ) 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55 °C to + 125°C 

ov 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 






































I DT71 87S/IDT71 87L CMOS STATIC RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT7187S 

MIN. TYP.0) MAX. 

IDT7187L 

MIN. TYP.0) MAX. 

UNIT 


Input Leakage Current 

V cc = Max., V, N = GND to V co 

MIL. 

COM’L. 

10 

- - 5 

- - 5 

- - 2 

M-A 

I'loI 

Output Leakage Current 

Vfcc = Max. 

CS = V|H, V 0UT = GND to Vcc 

MIL. 

COM’L. 

10 

- - 5 

5 

- - 2 

P-A 

Vol 

Output Low Voltage 

Iol = 10mA, Vcc = Min. 

0.5 

0.5 

V 

I 0 l = 8mA, V C c = Min. 

0.4 

0.4 

V 

VoH 

Output High Voltage 

Ioh = -4mA, V C c = Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at Vcc = 5.0V, + 25°C ambient. 


DC ELECTRICAL CHARACTERISTICS 01 


Vcc = 5.0V ±10%, V LC = 0.2V, V HC = V cc - 0.2V 





7187S15 

7187S20 

7187S25 

7187S30/35 

7187S45/55<3> 

7187S70 

7187S85 


SYMBOL 

PARAMETER 

POWER 

7187L15 

7187L20 

7187L25 

7187L30/35 

7187L45/55< 3 > 


7187L85 

UNIT 




COM’L MIL 

COM’LMIL 

COM’LMIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L MIL 

COM’LMIL. 


■ 

Operating Power 
Supply Current 

C5 = V IL . 

S 

135 

120 

140 

90 

105 

90 

105 

90 

105 

105 

- 105 

mA 

Outputs Open 

Vcc = Max., 

1 

115 

105 

125 

70 

85 

70 

85 

70 

85 

85 

85 



1 

f = 0< 2 > 

■I 














Dynamic 

Operating Current 
CS = ViL, 

S 

165 

150 

170 

120 

130 

110 

120 

110 

120 

120 

- 120 

mA 

Outputs Open. 

Vcc = Max.. 


150 

135 

155 

100 

110 

95/90 

110/100 

85 

95 

90 

90 



■ 

1 = fMAX® 














■ 

Standby Power 
Supply Current 
(TTL Level) 

CS > V| H , 

s 

65 

60 

65 

55 

55 

45 

50 

45 

50 

50 

50 

mA 

■ 

■ 

55 : 

50 

55 

45 

50 

40/35 

45/40 

30/25 

35/30 

28 

28 

Vcc = Max., 
Outputs Open 


1 

f = Wx< 2 > 

H 













■ 

Full Standby 

Power Supply 
Current (CMOS 

s 

25 

20 

25 

15 

20 

15 

20 

15 

20 

20 

20 


m 

Level) 













mA 

CS > V H c. 













u 

Vcc = Max., 

Vin >V HC or 
v,N<v LC .f = o (2) 

D 

2.5 

1.0 

2.0 

0.3 

1.5 

0.3 

1.5 

0.3 

1.5 

1.5 

1.5 



NOTES: 

1 . All values are maximum guaranteed values. 

2. f = f MAX (All inputs except Chip Select cycling at f = 1 Arc)- f = 0 means no address or control lines change. 

3. -55°C to + 125°C temperature range only. 
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IDT7187S/1DT7187L CMOS STATIC RAM 64K (64Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS 

(L Version Only) V LC = 0.2 V, V H c = Vcc ~ 0 2V 







TYP. (1 > 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 

2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

^DR 

V C c for Data Retention 

- 


- 

- 

V 

•cCDR 

Data Retention Current 


MIL. 

COM'L. 

■ 

10 15 

10 15 

600 900 

150 225 

p.A 

'cdr (3) 

Chip Deselect to Data Retention Time 

cs>v HC 

V IN - V HC or 2 M_c 


0 


- 

ns 

t R (3) 

Operation Recovery Time 


1 rc (2) 

- 

- 

ns 

n u i (3) 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 



LOW V cc DATA RETENTION WAVEFORM 


V cc 


C5 


4.5V 


UTTTT^ 


DATA RETENTION MODE 


Tv 


VnR > 2V 


A 


4.5V 

to -*-i 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5 V 


DATAqi/t • 


2550 $ y 30pF 


4800 


DATAqut 


2550 


5 V 

^ 4800 
t 5 P F * 


Figure 1. Output Load 


Figure 2. Output Load 
(for t HZ , t^, twz and *ow) 


* Including scope and jig. 
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IDT7187S/IDT7187L CMOS STATIC RAM 64K (64Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (v cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71&7S15W/20 
7187L15 (1) /20 
MIN. MAX. 

7187S25/30 
7187L25/30 
MIN. MAX. 

7187S35/45 
7187L35/45 
MIN. MAX. 

7187S55< 2 > 
7187L55 (2) 
MIN. MAX. 

7187S70< 2 > 
7187L70 (2) 
MIN. MAX. 

7187S85< 2 > 
7187L85 (2) 
MIN. MAX. 

UNIT 

READ CYCLE 

l RC 

Read Cycle Time 



25/30 

- 

35/45 

- 

55 

70 

- 

85 

- 


W 

Address Access Time 

- 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

ns 

*ACS 

Chip Select Access Time 

- , 

^ 15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

23] 

l 0H 

Output Hold from Address Change 

5 £ 

£ - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tiz 

Chip Select to Output in Low Z < 3 > 

5 

; - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

1S9 

»HZ 

Chip Deselect to Output in High Z (3) 

-•'3 

7/8 

- 

20/25 

- 

25/30 

- 

30 

- 

30 

- 

40 

I 

tpu 

Chip Select to Power Up Time P) 

(pf 

- 

0 

- 

0 

- 

0 

- 

0 


0 

- 

ns 

*PD 

Chip Deselect to Power Down 

Time P) 


15/20 

- 

20/30 

- 

30/35 

- 

35 

- 

35 

- 

40 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 

TIMING WAVEFORM OF READ CYCLE NO. 1 (1 ’ 2) 


ADDRESS 


data OUT- 



t RC (5) *■ 


V 

/ 

< ) 

( 


t A 

r* 1 oh 

A * 


PREVIOUS DATA VALID ^ 

HOP 

^ DATA VALID 


TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ' 3) 


C5 


DATA our 


Vcc SUPPLY 
CURRENT 



NOTES: 

1. WE is High for READ Cycle. 

2. CS is low for READ cycle. 

3. Address valid prior to or coincident with CS transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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I DT7 1 87S/I DT71 87L CMOS STATIC RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V *10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

ziszsis^o 
7187L15 (1) /20 
MIN. MAX. 

7187S25/30 
7187L25/30 
MIN. MAX. 

7187S35/45 
7187L35/45 
MIN. MAX. 

7187S55< 2 > 
7187L55 (2) 
MIN. MAX. 

7187S70® 
7187L70 (2) 
MIN. MAX. 

7187S85< 2 > 
7187L85 (2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

^wc 

Write Cycle Time 

13/17 


25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

- 


*cw 

Chip Select to End of Write 

13/17 | 

Is- 

20/25 

- 

30/40 

- 

50 

- 

55 

- 

65 

- 

ns 

*AW 

Address Valid to End of Write 

13/17 s 

!*- 

20/25 

- 

30/40 

- 

50 

- 

55 

- 

65 

- 

■3 

l AS 

Address Set-up Time 

o .-li 

I' - 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

t W p 

Write Pulse Width 

13/17. ; ; v 

; - 

20 

- 

25/30 

- 

35 

- 

40 

- 

45 

- 


twR 

Write Recovery Time 

0 , 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

_ 

■a 

tow 

Data Valid to End of Write 

8/10 f 

- 

15/20 

- 

20/25 

- 

25 

- 

30 

- 

35 

- 

ns 

tDH 

Data Hold Time 

Mn 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


twz 

Write Enable to Output in High Z< 3 > 


5/6 

- 

20/25 

- 

25/30 

- 

30 

- 

30 

- 

40 

ns 

tow 

Output Active from End of Write ( 3 ) 

Co, 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

■B 


NOTES: 

1. 0°Cto+70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 


























































































I DT71 87S/I DT71 87L CMOS STATIC RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) (12 ’ 3) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (1>2 ’ 3>4) 



■* *wc 

ADDRESS y 

< 





'AW 

£5 

s 

* *AS * 

\ y 

y 

^ WR 

"" *CW *" 


X 


WE 


DATA IN 


X 


X 


X 


DATA VALID 


X 


NOTES: 

1 . WE or £5 must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low £5 and a low WE. 

3. t WR is measured from the earlier of £5 or WE going high to the end of the write cycle. 

4. If the £5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

5. Transition is measured ±200 mV from steady state with a 5pF load (including scope and jig). 
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IDT7187S/IDT7187L CMOS STATIC RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

CS 

KoSI 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

Doirr 

Active 


L 

L 




CAPACITANCE (T A ° +25°c.f = i.omhz) 


SYMBOL 

PARAMETERS) 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

Vm = 0V 

8 

PF 

Coirr 

Output Capacitance 

V O UT=0V 

8 

PF 


NOTE: 

1. This parameter is determined by device characterization, but is not 
production tested. 



ORDERING INFORMATION 


IDT 


xxxxx 


999 


Device Type Power Speed Package Process/ 




Temperature 

Range 








1 

1 


Blank 

B 


P 

C 

L 

SO 

E 

F 

15 

20 

25 

30 

35 

45 

55 

70 

85 


Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP 
Sidebraze DIP 
Leadless Chip Carrier (specify 22 or 28 pins) 
Small Outline 1C 
CERPACK 
Flatpack 


Commercial Only ^ 
Commercial Only 


7187 


Military Only 
Military Only 
Military Only 

Standard Power 
Low Power 

64K(64Kx 1-Bit) 


> Speed in Nanoseconds 
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HIGH-SPEED BiCMOS 

PRELIMINARY 

ECL STATIC RAM 

IDT1 00490 

64K (64 K x 1-BIT) 



FEATURES: 

• 65,536-words x 1-bit organization 

• Low power dissipation: 320mW (typ.) 

• Fully compatible with 100K logic level 

• Address access time: 15/20ns (max.) 

• Write pulse width: 10ns (min.) 

• Open emitter output for ease of memory expansion 

• Static operation: no clocks or refresh required 

• Separate data input and output 

• JEDEC standard high-density 22-pin plastic and sidebraze DIP 
and 24-pin Small Outline 1C 


DESCRIPTION: 

The IDT100490 is a 100K compatible 65,536-bit high-speed 
BiCEMOS ™ ECL static RAM organized as 64K x 1. 

The I DT 1 00490 is avai lable with address access ti mes as fast as 
15ns with a typical power consumption of only 320mW. This prod- 
uct offers the advantages of low-power operation, without sacrific- 
ing speed, by integrating a dense high-speed CMOS static RAM 
with internal level conversion. This allows the designer to reduce 
package count in an ECL system without increasing either power 
dissipation or access time. 

Designed for very high-speed applications, the IDT100490 is 
fully compatible with standard ECL 100K logic levels and offers ex- 
tremely fast access times. The address access time of 15ns and 
write pulse width of 10ns assure that operations of this BiCEMOS 
part will be as fast as those available with less dense parts requiring 
external address decoding. 

The IDT100490 is fabricated using IDT’s high-performance, 
high-reliability BiCEMOS technology. Operating power dissipa- 
tion is extremely low compared with most ECL-compatible bipolar 
devices, lowering power supply and cooling requirements. 


PIN CONFIGURATIONS 



data 0UT 

1 

24 

Ao [I 

2 

23 

a, C 

3 

22 

a 2 q 

4 

21 

AsC 

5 

20 

A 4 L 

6 

S024-2 19 

A 5 C 

7 

18 

A 6 C 

0 

17 

Ay L 

9 

16 

As C 

10 

15 

NC C 

11 

14 

< 

m 

m 

n 

12 

13 


V G c 

DATA,, 

C5 

WE 

NC 

A 15 

A m 

A13 

A, 2 

A 11 

A 10 

a 9 


SOIC, TOP VIEW 


LOGIC SYMBOL FUNCTIONAL BLOCK DIAGRAM 



DATAoux 


WE CS 


BiCEMOS is a trademark of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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DSC- 1004/- 




IDT1 00490 HIGH SPEED BiCMOS 

ECL STATIC RAM 64K(64Kx1 -BIT) COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

VALUE 


IBI 

Terminal Voltage 
with Respect to 

GND 

+ 0.5 to -7.0 

V 

wm 

Operating 

Temperature 

Oto +85 

°c 


Temperature 

Under Bias 

-55 to +125 

°c 

Tstg 

Storage 

Hermetic 



Temperature 

Plastic 

-55 to +125 


Pt 

Power Dissipation 

1.0 

w 


DC Output Current (Output High) 

-50 



NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 ° c, f = i.omhz) 


SYMBOL 

PARAMETER W 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

- 

6 

PF 


Output Capacitance 

- 

6 

PF 


TRUTH TABLE (1) 


CS 

WE 

DATA o UT 

FUNCTION 

H 

X 

L 

Deselected 

L 

H 

RAM Data 

Read 

L 

L 

L 

Write 


NOTE: 

1. H = High, L = Low, X = Don't Care 



DC ELECTRICAL CHARACTERISTICS 

(V EE = -4.5V, RL = 500 to -2.0V, = 0 to +85°C, air flow exceeding 2m/sec) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. (B) 

TYP.* 1 * 

MAX. (A) 

UNIT 

V 0 H 

Output HIGH Voltage 

| 

-1025 

-955 

-880 

mV 

VOL 

Output LOW Voltage 

V IN = V IHA or V|LB 

-1810 

-1715 

-1620 

mV 


Output Threshold HIGH Voltage 

v in = V|hb or Vila 

-1035 

- 

- 

mV 

Vote 

Output Threshold LOW Voltage 

V|n = V| HB orV ILA 

- 

- 

-1610 

mV 

■i ■ 

Input HIGH Voltage 

Guaranteed Input Voltage High/Low 
for All Inputs 

-1165 

- 

-880 

mV 


Input LOW Voltage 

Guaranteed Input Voltage High/Low 
for All Inputs 

-1810 

- 

-1475 

mV 


Input HIGH Current 

V, N = V| H A 

- 

- 

220 

pA 

m 

Input LOW Current 


CS 

0.5 

- 

170 

PA 

Others 

-50 

- 

- 

PA 

Iee 

Supply Current 

All inputs and outputs open 

-120 

-70 

- 

mA 


NOTE: 

1 . Typical parameters are specified at V EE = -4 ,5V, T a = +25°C and maximum loading. 

LOAD CONDITION INPUT PULSE 


Test Circuit 



‘Includes probe and jig capacitance. 
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IDT100490 HIGH SPEED BICMOS 
ECL STATIC RAM 64K (64K x 1-BIT) 


COMMERCIALTEMPERATURE RANGE 


AC ELECTRICAL CHARACTERISTICS (v EE = -4 ,5V ±5%, T A = 0 to +85°C, air flow exceeding 2m/sec) 
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IDT100490 HIGH SPEED BiCMOS 

ECL STATIC RAM 64K (64K x 1 -BIT) COMMERCIAL TEMPERATURE RANGE 


AC ELECTRICAL CHARACTERISTICS (V EE = -4 ,5V ±5%, Ta = 0 to +85°C, airflow exceeding 2m/sec) 
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IDT100490 HIGH SPEED BiCMOS 
ECL STATIC RAM 64K (64K x 1-BIT) 


COMMERCIAL. TEMPERATURE RANGE 





CMOS STATIC RAM 
64K (16Kx 4-BIT) 


IDT7188S 

IDT7188L 


FEATURES: 


DESCRIPTION: 


• High-speed (equal access and cycle times) 

- Military: 20/25/30/35/45/55/70/85ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low power consumption 

- IDT7188S 

Active: 350mW (typ.) 

Standby: 100pW (typ.) 

- IDT7188L 

Active: 300mW (typ.) 

Standby: 30pW (typ.) 

• Battery backup operation— 2V data retention 
(L version only) 

• Available in high-density industry standard 22-pin, 300 mil 
ceramic and plastic DIP, 24-pin SOIC, 24-pin Flatpack and 
CERPACK 

• Produced with advanced CEM OS™ technology 

• Single 5V (±10%) power supply 

• Inputs/outputs TTL-compatible 

• Three-state outputs 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 


The IDT7188 is a 65,536-bit high-speed static RAM organized as 
16K x 4. It is fabricated using IDT’s high-performance, high- 
reliability technology- CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost effective approach for memory intensive applications. 

Access times as fast as 15ns are available, with typical power 
consumption of only 300mW. The IDT7188 offers a reduced power 
standby mode, Isbi , which enables the designer to greatly reduce 
device power requirements. This capability significantly de- 
creases system power and cooling levels, while greatly enhancing 
system reliability. The low-power version (L) version also offers a 
battery backup data retention capability where the circuit typically 
consumes only 30pW operating from a 2V battery. 

All inputs and outputs are TTL-compatible and operate from a 
single 5V supply. Fully static asynchronous circuitry, along with 
matching access and cycle times, favor the simplified system de- 
sign approach. 

The IDT7188 is packaged in 22-pin, 300 mil ceramic and plastic 
DIPs, 24-pin SOICs, flatpacks and CERPACKs, providing excellent 
board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



LOGIC SYMBOL FUNCTIONAL BLOCK DIAGRAM 




CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT7188S/IDT7188L 64K (16K x 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


AoC 

1 


22 

O 

>° 

_n 

A 0 C 

1 

24 

O 

& 

_n 

A, C 

2 


21 

□ a 13 

A, II 

2 

23 

□ A , 3 

a 2 c 

3 


20 

□ A 12 

a 2 C 

3 

22 

□ a 12 

a 3 C 

4 


19 

□ An 

a 3 C 

4 

21 

□ A„ 

a 4 C 

5 

P22-1 

18 

□ A,o 

a 4 C 

5 

20 

□ A, 0 

A 5 II 

6 

& 

C22-1 

17 

□ a 9 

a 5 II 

6 

F24-1, ,g 
E24-1 

□ a 9 

A e C 

7 


16 

□ l/0 4 

^6 C 

7 

& 18 

□ NC 

a 7 C 

8 


15 

□ I/Ob 

a 7 C 

8 

S024-2 17 

□ i/o 4 

Ae C 

9 


14 

□ I/O, 

Ae II 

9 

16 

□ l/Q, 

esq 

10 


13 

□ I/O, 

esc 

10 

15 

□ I/O? 

gndC 

11 


12 

□ WE 

NCC 

11 

i 4 

□ i/o, 






gndC 

12 

13 

□ WE 


DIP 

TOP VIEW 


FLATPACK/CERPACK/SOIC 
TOP VIEW 


PIN NAMES 


A 0 -A ,3 Address Inputs 

I/O, -I/O4 Data I/O 

CS Chip Select 

V cc Power 


GND Ground 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

WM'I 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

m 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

Iqut 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

— 

Supply Voltage 

mm 


5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 


Input High Voltage 

2.2 


6.0 

V 

Ml 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

0V 

5.0V ± 10% 
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IDT7188S/IDT7188L 64K (16K x 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT7188S 

MIN. TYP.* 1 2 ) MAX. 

IDT7188L 

MIN. TYP.* 1 * MAX. 

UNIT 


Input Leakage Current 

Vcc = Max., Vim = GNDtoVcc 

MIL. 

COM’L. 

10 

- - 5 

- - 5 

- - 2 

p.A 


Output Leakage Current 

\fcc = Max. 

CS = V|h, V 0UT = GND to V cc 

MIL. 

COM’L. 

- - 10 

5 

5 

2 

j±A 

D 

Output Low Voltage 

Iql ~ 10mA, Vcc = Min. 

0.5 

0.5 

V 

Iol = 8mA, V C c = Min. 

0.4 

0.4 

V 

99H 

Output High Voltage 

Ioh = -4mA, V C c = Min. 

2.4 

2.4 

V 


NOTE: 

1. Typical limits are at V cc = 5.0V, + 25°C ambient. 


DC ELECTRICAL CHARACTERISTICS (1) 

V cc = 5.0V ±10%, V LC = 0.2 V. V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

POWER 

7188S15 

7188L15 

COM’L MIL. 

7188S20 

7188L20 

COM’L MIL 

7188S25 

7188L25 

COM’L. MIL. 

7188S30/35 

7188L30/35 

COM’L MIL. 

7188S45/55( 3 > 

7188L45/55 (3) 

COM’L MIL 

7188S70 

7188L70 

COM’L MIL 

7188S85 

7188L85 

COM’L. MIL 

UNIT 

1 

Operating Power 
Supply Current 

5s = V IL , 

S 

135 

120 

140 

100 

125 

100 

110 

100 

110 

- 

110 

- 

110 

mA 

Outputs Open 

Vcc = Max., 
f = 0® 

■ 

115 

105: 

125 

85 

110 

85 

95 

85 

95 

- 

95 

- 

95 

1 

Dynamic 

Operating Current 
CS = V| L , 

s 

175 

150 

170 

135 

155 

125 

140 

125 

140 

- 

140 

- 

140 

mA 

Outputs Open. 

Vcc = Max., 

f = f MAX (2) 

D 

160 

140 

155 

125 

145 

115/105125/115 

100 

110 

- 

110 

- 

105 

H 

Standby Power 
Supply Current 
(TTL Level) 

s 

75 

60 

70 

55 

60 

50/45 

55/50 

45 

50 

- 

50 

- 

50 

mA 

1 

cs>v 1H , 

Vcc = Max., 
Outputs Open 

f = fMAX® 

■ 

65 

50 

60 

45 

50 

40/35 

45/40 

30 

35 

- 

35 

- 

35 

1 

Full Standby 

Power Supply 
Current (CMOS 
Level) 

C3 > V HC , 

V cc = Max., 
V IN> V HC 0r 

V,N<V UC 
f = 0(2) 

s 

25 - 

20 

25 

15 

20 

15 

20 

15 

20 

- 

20 

- 

20 

mA 

■ 

2.5 

1.0 

2.0 

0.5 

1.5 

0.5 

1.5 

0.5 

1.5 

- 

1.5 

- 

1.5 



NOTES: 


1 . All values are maximum guaranteed values. 

2. At f = f MAX address and data inputs are cycling at the maximum frequency of read cycles of IArc- f = 0 means no input lines change. 

3. -55°C to + 125°C temperature range only. 





















































































































I DT71 88S/I DT71 88L 64K (16K x 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = V cc - 0-2V 







TYP.* 1 * 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

V C c @ 

2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

Vcc for Data Retention 

- 

2.0 

- 

- 

- 

V 

mm 

Data Retention Current 


MIL. 

- 

10 

15 

600 

900 

pA 


CE >V HC 

V|N > V HC or < V L0 

COM’L. 

- 

10 

15 

150 

225 

'cDR* 3 ' 

Chip Deselect to Data Retention Time 


0 

- 

- 

ns 

t R (3) 

Operation Recovery Time 



'rc' 2 * 

- 

- 

ns 

l'ul (3) 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T a =25°C 

2. *rc = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


C3 


DATA RETENTION MODE 


tcDR 

a 

4.5V 

^ V DR > 2V J 

V DR 

C 

4.5V 


V////7 

L \ 

V| H 


' V IH 

^\\VW 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


data 0UT 


2550 


4800 

30pF* 


5V 


DATAquj 


2550 


4800 
t 5pF* 


Figure 1. Output Load 


* Including scope and jig. 


Figure 2. Output Load 
(for tHz.t^.tvyz and t ow ) 
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I DT7188S/I DT7 1 88L64K (16Kx 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

7188S15W 
7188L15W 
MIN. MAX. 

7188S20< 4 > 
7188L20< 4 > 
MIN. MAX. 

7188S25/30 
7188L25/30 
MIN. MAX. 

7188S35/45 
7188L35/45 
MIN. MAX. 

7188S55/70® 
7188L55/70< 2 > 
MIN. MAX. 

7188S85< 2 > 
7188L85< 2 > 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

15 

- 

20 

- 

25/30 

- 

35/45 

- 

55/70 

- 

85 

- 



Address Access Time 

- 

15 

- 

:: ;|'20 

- 

25/30 

- 

35/45 

- 

55/70 

- 

85 


Ucs 

Chip Select Access Time 

- 

15 

.-la 

*20 

- 

25/30 

- 

35/45 

- 

55/70 

- 

85 

ISI 

l 0H 

Output Hold from Address Change 

5 

- :::: 

6 

- 

5 

- 

5 

- 

5 

- 

5 

- 

KMl 


Chip Selection to Output in Low Z* 3) 

5 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

m 

m 

Chip Deselect to Output in High Z (3) 


k;r 

- 

8 

- 

10/13 

- 

15 

- 

20/25 

- 

30 


tpu 

Chip Select to Power Up Time (3 > 


- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


tpD 

Chip Deselect to Power Down Time! 3 ) 

- 

15 

- 

20 

- 

25/30 

- 

35/45 

- 

55/70 

- 

85 

IKS 


NOTES: 

1 . 0°C to -70°C temperature range only. 

2. -55° C to -125°C temperature range only. 

3. This parameter is guaranteed but not tested. 

4. Preliminary data only for military devices. 

TIMING WAVEFORM OF READ CYCLE NO. 1 (1 ' 2) 


ADDRESS 


DATA out 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ’ 3) 


cs 


DATA o UT 


V cc SUPPLY 
CURRENT 



NOTES: 

1. WE is high for READ Cycle. 

2. CS is low for READ cycle. 

3. Address valid prior to or coincident with CS transition low. 

4. Transition is measured ±200mV from steady state voltage. 

a All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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IDT7188S/IDT7188L 64K (16K x 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

7188S15W 

zisslisw 

MIN. MAX. 

7188S20< 4 > 
7188L20< 4 > 
MIN. MAX. 

7188S25/30 
7188L25/30 
MIN. MAX. 

71 88S35/45 
71 88L35/45 
MIN. MAX. 

7188S55/70< 2 > 
7188L55/70< 2 > 
MIN. MAX. 

7188S85< 2 > 
7188L85® 
MIN. MAX. 

UNIT 

WRITE CYCLE 

two 

Write Cycle Time 

14 

- 

17 

- 

20/25 

- 

30/40 

- 

50/60 

- 

75 

- 

19 

*cw 

Chip Select to End of Write 

14 

- 

17 

- 

20/25 

- 

25/35 

- 

50/60 

- 

75 

- 

99 

l AW 

Address Valid to End of Write 

14 

17 

.cl 

20/25 

- 

25/35 

- 

50/60 

- 

75 

- 

191 

l AS 

Address Set-up Time 

0 

- 

0 

s "V‘ 

0 

- 

0 

- 

0 

- 

0 

- 


twp 

Write Pulse Width 

14 

- 


i 1 - _ 

20/25 

- 

25/35 

- 

50/60 

- 

75 

- 


HUH! 

Write Recovery Time 

0 


mo 

- 

0 

- 

0 

- 

0 

- 

0 

- 

19 

tow 

Data Valid to End of Write 

8 


10 

- 

13/15 

- 

15/20 

- 

25/30 

- 

35 

- 


*DH 

Data Hold Time 

Q:J'' 

IK- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

■9 

twz 

Write Enable to Output in High Z (3) 


6 

- 

7 

- 

7/10 

- 

10/15 

- 

25/30 

- 

40 


*OW 

Output Active from End of Write < 3) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

mm 


NOTES: 

1 . 0°C to -70°C temperature range only. 

2. -55°C to -125°C temperature range only. 

3. This parameter is guaranteed but not tested. 

4. Preliminary data only for military devices. 





















































































IDT7188S/IDT7188L 64K (16K x 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) (1>; 2 ’ 3> 


ADDRESS 


US 


WE 


DATA our 

DATA in 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) t1 ’ 2 ' 3 ' 5) 


ADDRESS 


C5 

WE 

DATA, n 



NOTES: 

1. WE or US must be high during all address transitions. 

2. A write occurs during the overlap (t WP ) of a low C3 and a low WE. 

3. t WR is measured from the earlier of U5 or WE going high to the end of the write cycle. 

4. During this period, the I/O pins.are in the output state, and input signals should not be applied. 

5. If the US low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state. 
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I DT7 1 88S/I DT71 88L 64K(16Kx 4-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIALTEMPERATURE RANGES 


TRUTH TABLE 


MODE 



I/O 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

Dout 

Active 

Write 

L 

L 

Din 

Active 


CAPACITANCE (t a = +25 °c. f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

Mn= OV 

6 

PF 

Cout 

Output Capacitance 

V 0UT = OV 

6 

PF 


NOTE: 


1 . This parameter is determined by device characterization, but is not 
production tested. 


ORDERING INFORMATION 


XXXXX A 

Device Type Power 


999 A A 



Commercial (0°Cto + 70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP 

Sidebraze DIP 

Small Outline 1C (Gull Wing) 

Small Outline 1C (J-Bend) 

Flatpack 

CERPACK 

Commercial Only | 


> Speed in Nanoseconds 


Military Only J 

Military Only J 

Military Only 


S Standard Power 

L Low Power 


] 7188 64K(16Kx 4-Bit) 
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FEATURES: 

• Output Enable (OE) pin available for added system flexibility 

• High-speed (equal access and cycle times) 

- Military: 20/25/30/35/45/55/70/85ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low-power consumption 

- IDT6198S 

Active: 350mW (typ.) 

Standby: IOOjjW (typ.) 

- IDT6198L 

Active: 300mW (typ.) 

Standby: 30 jjW (typ.) 

• JEDEC compatible pinout 

• Battery back-up operation— 2V data retention (L version only) 

• 24-pin THINDIP, 24-pin plastic DIP, high-density 28-pin 
leadless chip carrier and 24-pin SOIC 

• Produced with advanced CEM OS™ technology 

• Bidirectional data inputs and outputs 

• Inputs/Outputs TTL-compatible 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT6198 is a 65,536-bit high-speed static RAM organized as 
16Kx 4. It Is fabricated using IDT’s high-performance, high-reliabil- 
ity technology- CEMOS. This state-of-the-art technology, com- 
bined with innovative circuit design techniques, provides a cost- 
effective approach for memory intensive applications. 

The IDT61 98 features two memory control functions: chip select 
(CS) and output enable (OE). These two functions greatly en- 
hance the IDT6198’s overall flexibility in high-speed memory 
applications. 

Access times as fast as 15ns are available, with typical power 
consumption of only 300mW. The IDT6198 offers a reduced power 
standby mode, Isbi, which enables the designer to considerably 
reduce device power requirements. This capability significantly 
decreases system power and cooling levels, while greatly enhanc- 
ing system reliability. The low-power version (L) also offers a bat- 
tery backup data retention capability where the circuit typically 
consumes only 30pW when operating from a 2 volt battery. 

All inputs and outputs are a TTL-compatible and operate from a 
single 5 volt supply. Fully static asynchronous circuitry, along with 
matching access and cycle times, favor the simplified system de- 
sign approach. 

The IDT6198 is packaged in either a 24-pin THINDIP, 24-pin 
plastic DIP, 28-pin leadless chip carrier or 24-pin small outline 1C, 
providing improved board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT6198S/IDT6198L CMOS STATIC RAM 64K(16K x 4-BIT) 


PIN CONFIGURATIONS 



LOGIC SYMBOL 



ABSOLUTE MAXIMUM RATINGS (1) 


EHAIsfrM 

RATING 

COMMERCIAL 

MILITARY 

ITTTT7I 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

D 

HI 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 



PIN NAMES 


Ao-13 

Address Inputs 

US 

Chip Select 

WE 

Write Enable 

UE 

Output Enable 

I/O 1-4 

Data Input/Output 

Vsc 

Power 

GND 

Ground 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

ma 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

mm 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V .L 

Input Low Voltage 

-o^pi 

- 

0.8 

V 


NOTE: 

1. V )L min. = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

0V 

5.0V ± 10% 
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IDT6198S/IDT6198L CMOS STATIC RAM 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT6198S 

TYP.W 

MAX. 

MIN. 

IDT6198L 

TYP.W 

MAX. 

UNIT 

1 

Input Leakage Current 

Vcc = Max-. Vin = GND to V cc 

MIL. 

- 

- 

10 

- 

- 

5 

pA 

COM'L. 

- 

- 

5 

- 

- 

2 

pA 

I'loI 

Output Leakage Current 

Vcc = Max. 

MIL. 

- 

- 

10 

- 

- 

5 

pA 

£S Vih , V 0UT = GND to V cc 

COM’L. 

- 

- 

5 

- 

- 

2 

pA 


Output Low Voltage 

l 0L = 10mA, V C c = Min. 


- 

- 

0.5 


- 

0.5 

V 

V OL 

Iol = 8mA, Vcc = Min. 


- 

- 

0.4 

- 

- 

0.4 

V 

o< 

Output High Voltage 

Ioh = -4mA, Vcc = Min. 

2.4 

- 

- 

2.4 

- 

- 

V 


NOTE: 

1 . Typical limits are at v cc = 5.0V, + 25 °C ambient. 



DC ELECTRICAL CHARACTERISTICS 01 

V cc = 5.0V ±10%. V LC = 0-2V, V HC = Vcc -0-2V 


SYMBOL 

PARAMETER 

POWER 

6198S15< 2 - 5 > 
6198L15< 2 - S > 
COM’L MIL. 

6198S20< 2 > 
6198L20< 2 > 
COM’L MIL 

6198S25 

6198L25 

COM’L MIL 

6198S30/35 
6198L30/35 
COM’L MIL 

6198S45/55< 4 > 
6198L45/55< 4 > 
COM’L MIL 

6198S70< 4 >/85< 4 > 
6198L70< 4 )85< 4 > 
COM’L MIL 

UNIT 

■ 

Operating Power 

Supply Current 
£5 = Ml. 

Outputs Open. 

V cc = Max., f = 0 (3) 

S 

135 

120 

140 

100 

125 

100 

110 

100 

110 

110 

mA 

H 

D 

115 

105 

125 

85 

110 

85 

95 

85 

95 

95 

■ 

Dynamic Operating 
Current, CS = Vil, 
Outputs Open, 

V^c = Max., 

» = 'max (3) 

s 

175 

150 

170 

135 

155 

125 

140 

125 

140 

140 

mA 

B 

B 

160 

140 

155 

125 

145 

115/105 125/115 

100 

110 

110/105 


Standby Power 

Supply Current 
(TTL Level) 

s 

75 

60 

70 

55 

60 

50/45 

55/50 

45 

50 

50 

mA 

B 

C3>V|h, 

V cc = Max., 

Outputs Open f = f MAX P) 

L 

65 

50 

60 

45 

50 

40/35 

45/40 

30 

35 

35 


Full Standby Power 
Supply Current 
(CMOS Level) 

cs> v HC . 

Vcc = Max.. 

Vin> V HC or 

v IN <v LC ,f = 0 (3 » 

S 

25 

20 

25 

15 

20 

15 

20 

15 

20 

20 

mA 

■ 

2.5 - 

1.0 

2.0 

0.5 

1.5 

0.5 

1.5 

0.5 

1.5 

1.5 


NOTES: 

1 . All values are maximum guaranteed values. 

2. Preliminary data for Military devices only. 

3. Atf = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 

4. -55°C to + 125°C temperature range only. 

5. 0°C to +70°C temperature range only. 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT6198S/IDT6198L CMOS STATIC RAM 64K (16K x 4-BIT) 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = V cc - 0.2V 







TYP. (1) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 

2.0 V 3.0 V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

V 

D 

Data Retention Current 

cs>v HC 

Mn £ V HC or< V LC 

MIL. 

COM’L. 

■ 

10 15 

10 15 

600 900 

150 225 

pA 

l CDR <3) 

Chip Deselect to Data Retention Time 


0 

- 

- 

ns 

tRP) 

Operation Recovery Time 



*rc (2) 

- 

- 

ns 

IU (3) 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time. 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


4.5V 


- T 77T7Tf Z' 


DATA RETENTION MODE 




V nn >2V 




5V 

t D 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5 V 


data oux . 


2550 


4800 
4= 30pF* 


DATA out — 
2550 


5V 

< 4800 
j 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for toLZ,tcL 2 |foHZ> 
fwHZi fcHZ > l ow) 

* Including scope and jig. 
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IDT6198S/IDT6198L CMOS STATIC RAM 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V be = 5.0 V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

6198S15W 
6198L15W 
MIN. MAX. 

6198S20 
6198L20 
MIN. MAX. 

6198S25 
6198L25 
MIN. MAX. 

6198S30/35 
6198L30/35 
MIN. MAX. 

6198S45/55< 3 > 
6198L45/55 <2) 
MIN. MAX. 

6198S70g)/85g) 

6198L70 (2y /85 (2 > 
MIN. MAX. 

UNIT 

READ CYCLE 








*RC 

Read Cycle Time 

15 

- 

20 


25 

- 

30/35 

- 

45/55 

- 

70/85 

- 

Bll 

mm 

Address Access Time 

- 

15 

“4 

20 

- 

25 

- 

30/35 

- 

45/55 

- 

70/85 

1 

Iacs 

Chip Select Access Time 

- 

15 


*T 20 

- 

25 

- 

30/35 

- 

45/55 

- 

70/85 

E 

*CLZ 

Chip Select to Output in Low Z< 3 > 

5 

- 

m 


5 

- 

5 

- 

5 

- 

5 

- 


^OE 

Output Enable to Output Valid 

- 

12 

' * 

15 

- 

15 

- 

20 

- 

25/35 

- 

45/55 

■a 

*OLZ 

Output Enable to Output in Low Z< 3 > 

5 

-J 

:%i:5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

mm 

^CHZ 

Chip Select to Output in High Z (3) 

- 


- 

8 

- 

10 

- 

13/15 

- 

15/20 

- 

25/30 

19 

^OHZ 

Output Disable to Output in High Z< 3 > 

- 


- 

8 

- 

15 

- 

15 

- 

15/20 

- 

25/30 

19 

t0H 

Output Hold from Address Change 

5jf 

%£- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 



Chip Select to Power Up Time< 3 > 

0 , 

Z - 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


tpD 

Chip Deselect to Power Down Time< 3 ) 

mmm 

Him 

15 

- 

20 

- 

25 

- 

30/35 

- 

45/55 

- 

70/85 

^31 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed but not tested. 

























































































I DT61 98S/IDT61 98L CMOS STATIC RAM 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT6198S/IDT6198L CMOS STATIC RAM 64K (16K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V ±10%. All Temperature Ranges) 


SYMBOL 

PARAMETER 

6198S15<!> 
6198L15 (1) 
MIN. MAX. 

6198S20W 
6198L20< 4 > 
MIN. MAX. 

6198S25 
6198L25 
MIN. MAX. 

6198S30/35 
6198L30/35 
MIN. MAX. 

6198S45/55< 2 > 
6198L45/55< 2 > 
MIN. MAX. 

6198S70( 2 >/85< 2 > 
6198L70( 2 )85< 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

twc 

Write Cycle Time 

14 

- 

17 Ar 

20 

- 

25/30 

- 

40/50 

- 

60/75 

- 


l cw 

Chip Select to End of Write 

14 

- 

17| 

h*r 

20 

- 

25 

- 

35/50 

- 

60/75 

- 

ns 

w 

Address Valid to End of Write 

14 

- 


7- 

20 

- 

25 

- 

35/50 

- 

60/75 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

.U 0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


t w p 

Write Pulse Width 

14 


;; : %i7 

- 

20 

- 

25 

- 

35/50 

- 

60/75 

- 

BUI 

{ WR 

Write Recovery Time 

0 


%'• 0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

■ 

twHZ 

Write Enable to Output in High Z (3) 

- 


- 

7 

- 

7 

- 

10 

- 

15/25 

- 

30/40 

ns 

l DW 

Data Valid to End of Write 

8 4 

- 

10 

- 

13 

- 

15 

- 

20/25 

- 

30/35 

- 

Ml 

^DH 

Data Hold Time 

0 , 

f - 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns | 

f 0W 

Output Active from End of Write < 3 > 

“SS; 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■a 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed but not tested. 

4. Preliminary data only for military devices. 




























































































IDT6198S/IDT6198L CMOS STATIC RAM 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA out 

DATA, n 


TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (1 ’ 2 ’ 3 ’ 5>8) 



NOTES: 

1 . WE or US must be high during all address transitions. 

2. A write occurs during the overlap (t cw or t WP ) of a low US and a low WE. 

3. t W R is measured from the earlier of US or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state. 

7. If UE is low during a WE controlled write cycle, the write pulse width must be the larger of t WP or (t WH z + t DW ) to allow the I/O drivers to turn off 
and data to be placed on the bus for the required t DW . If UE is high during an WE controlled write cycle, this requirement does not apply and the 
write pulse can be as short as the specified t WP . 

8. CE = y H 
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IDT6198S/IDT6198L CMOS STATIC RAM 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

C§ 


mi 

I/O 

POWER 

Standby 

H 

X 

■ 

High Z 

Standby 

Read 

L 

H 

L 

d out 

Active 

Write 

L 

L 

X 

D,n 

Active 

Read 

L 

H 

H 

High Z 

Active 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

| CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 


7 

pF 

C OUT 

Output Capacitance 

1 v OUT =ov | 

7 

PF 


NOTE: 


1 . This parameter is determined by device characterization, but is not 
production tested. 


ORDERING INFORMATION 


IDT 


XXXX 


999 


Device Type Power Speed Package Process/ 


Tempe 

Rar 

irature 

ige 




Blank Commercial (0°C to +70°C) 

B Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B 

C Sidebraze THINDIP (300 mil.) 

P Plastic DIP 

L Leadless Chip Carrier 


SO 

Small Outline 1C (i 

Y 

Small Outline 1C (. 

15 

Commercial Only 

20 


25 


30 


35 


45 


55 

Military Only 

70 

Military Only 

85 

Military Only 

S 

Standard Power 

L 

Low Power 

6198 

16Kx 4-Bit 


> Speed in Nanoseconds 

































FEATURES: 

• Fast Output Enable (OE) pin available for added system 
flexibility 

• Multiple Chip Selects (CS,, CS 2 ) simplify system design and 
operation 

• High speed (equal access and cycle times) 

- Military: 20/25/30/35/45/55/70/85ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low power consumption 

- IDT7198S 

Active: 350mW (typ.) 

Standby: 100pw (typ.) 

- IDT7198L 

Active: 300mW (typ.) 

Standby: 30pw (typ.) 

• Battery back-up operation— 2V data retention (L version only) 

• 24-pin THINDIP, 24-pin plastic DIP, high-density 28-pin 
leadless chip carrier, 24-pin SOIC, flatpack and CERPACK 

• Produced with advanced CEMOS ™ technology 

• Bidirectional data inputs and outputs 

• Inputs/outputs TTL-compatible 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-86859 is pending listing on 
this function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT71 98 is a 65,536 bit high-speed static RAM organized as 
16K x 4. It is fabricated using IDT’s high-performance, high- 
reliability technology -CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost effective approach for memory intensive applications. 

The IDT7198 features three memory control functions: Chi p 
Select 1 (CS^, Chip Select 2 (CS 2 ) and Output Enable (OE). 
These three functions greatly enhance the IDT7198’s overall 
flexibility in high-speed memory applications. 

Access times as fast as 15ns are available, with typical power 
consumption of only 300mW. The IDT7198 offers a reduced power 
standby mode, Isbi, which enables the designerto considerably re- 
duce device power requirements. This capability significantly de- 
creases system power and cooling levels, while greatly enhancing 
system reliability. The low-power version (L) also offers a battery 
backup data retention capability where the circuit typically 
consumes only 30pW when operating from a 2V battery. 

All inputs and outputs are TTL-compatible and operate from 
a single 5 volt supply. Fully static asynchronous circuitry, along 
with matching access and cycle times, favor the simplified system 
design approach. 

The IDT7198 is packaged in either a 24-pin ceramic DIP, 24-pin 
plastic DIP, 28-pin leadless chip carrier, 24-pin SOIC and 24-pin 
flatpack or CERPACK, providing improved board-level packing 
densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


DSC-1027/- 
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IDT7198S/IDT7198L CMOS STATIC RAM 64K (16K x 4-BIT) 


MEMORY CONTROL: 

The IDT7198 64K high-speed CEMOS static RAM incorporates 
two additional memory control features (an extra chip select and an 
output enable pin) which offer additional benefits in many system 
memory applications. __ _ 

The dual chip select feature (CS,, CS 2 ) now brings the 
convenience of improved system speeds to the large memory 
designer by reducing the external logic required to perform 
decoding. Since external decoding logic is reduced, board space 
is saved, system speed is enhanced by approximately 10-20ns 
and system reliability improves as a result of lower parts count. 
(See technical note 1 “Using Two Chip Selects on the 1DT7198.”) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Both chip selects, Chip Select 1 (CS,) and Chip Select 2 (CS 2 ), 
must be in the active-low state to select the memory. If either chip 
select is pulled high, the memory will be deselected and remain in 

the standby mode. 

The fast output enable function (OE) is also a highly desirable 
feature of the IDT7198 high-speed common I/O static RAM. This 
function is designed to eliminate problems associated with data 
bus contention by allowing the data outputs to be controlled 
independent of either chip select. Its speed permits further de- 
creases in overall read cycle timing. 

These added memory control features provide improved 
system design flexibility, along with overall system speed 
performance enhancements. 


PIN CONFIGURATION 


A ° D 1 

Ai C 2 
A 2 C 3 
A 3 C 4 

A 4 C 5 
A5 Cl 6 

a 6 C ^ 

A7 El 8 

Ag C 9 
CS, C 10 
GEC 11 
gndC 12 


P24-1 , ^ 
C24-1, 20 
S024-2, 19 

F2 & _1 18 
E24-1 17 


U v cc 
3 A, 3 
U A 12 

□ A,, 
H A, 0 
ID Ag 

□ cs 2 

□ I/O, 

□ I/Ob 

□ I/Ob 

□ I/O, 
I] WE 



LOGIC SYMBOL 


DIP/SOIC/FLATPACK/CERPACK 
TOP VIEW 


topvTew 


NC 

A13 

A 12 

A11 

A10 

A9 

1/04 

I/O, 

I/Ob 



PIN NAMES 


Ao _ Ai3 

Address Inputs 

Ge 

Output Enable 

CS, 

Chip Select 1 

I/O, -I/O 4 

Data I/O 

CS 2 

Chip Select 2 

Vcc 

Power 

We 

Write Enable 

GND 

Ground 





IDT7198S/IDT7198L CMOS STATIC RAM 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS m 



RATING 

COMMERCIAL 

MILITARY 

imua 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

n 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

B 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

■ 

Storage 

Temperature 

-55 to +125 

-65 to +150 

H 

Pt 

Power Dissipation 

1.0 

1.0 


■out 

DC Output Current 

50' 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

E9I 

Supply Voltage 

4.5 


5.5 


GND 

Supply Voltage 

0 

0 

0 

MM 

V,h 

Input High Voltage 

2.2 

- 

6.0 


V,L 

Input Low Voltage 

-0.5* 1 ) 

- 

0.8 

mm 


NOTE: 

1. V IL (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to + 125°C 

OV 

5.0V + 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT7198S 

MIN. TYP.* 1 * MAX. 

IDT7198L 

MIN. TYP.* 1 ) MAX. 

UNIT 

llul 

Input Leakage Current 

Vcc = Max., V IN = GND to Vcc 

MIL. 

COM'L. 

10 

5 

5 

- — 2 

jxA 

I'loI 

Output Leakage Current 

\fcc = Max. 

CS = V|h, Vqijt = GND to Vcc 

MIL. 

COM’L. 

10 

- - 5 

5 

- - 2 

IXA 

D 

Output Low Voltage 

Iol = 10mA. Vcc = Min. 

0.5 

0.5 

V 

Iol = 8mA, V cc = Min. 

0.4 

0.4 

V 

— 

Output High Voltage 

Ioh= -4mA, Vcc = Min. 

2.4 

2.4 

V 


NOTE: 

1. Typical limits are at Vcc = 5.0V. +25°C ambient. 
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IDT7198S/IDT7198L CMOS STATIC RAM 64K(16Kx 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 01 

V cc = 5.0V ±10%, V LC = 0.2V, V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

POWER 

7198S15 

7198L15 

COM’L MIL 

7198S20 

7198L20 

COM’LMIL 

7198S2S 

7198L25 

COM’LMIL 

7198S30/35 

7198L30/35 

COM’L MIL 

7198S45/55< 3 > 

7198L45/55' 3 ' 

COM’L MIL 

m 

7198S85W 

7198L85 0 ' 

COM’LMIL. 

UNIT 

'cci 

Operating Power 
Supply Current 

Cs = V IL . 

Outputs Open 

Vcc = Max., 
f = O' 2 ' 

S 

135 

120 140 

100 125 

100 110 

100 110 

110 

- 110 

mA 

B 

115 

105 125 

85 110 

85 95 

85 95 

95 

- 95 

1 

Dynamic 

Operating Current 
CS = V IL , 

Outputs Open. 

Vcc = Max., 
f = fMAX <2) 

s 

175 

150 170 

135 155 

125 140 

125 140 

140 

- 140 

mA 

B 

160 

140 155 

125 145 

115/105 125/115 

100 110 

110 

- 105 

1 

Standby Power 
Supply Current 
(TTL Level) 

cs > M h - 

Vcc = Max., 
Outputs Open 
* = fMAX' 2 ' 

s 

75 

60 70 

55 60 

50/45 55/50 

45 50 

50 

- 50 

mA 

B 

65 

50 60 

45 50 

40/35 45/40 

30 35 

35 

35 

1 

Full Standby 

Power Supply 
Current (CMOS 
Level) 

CS > V HC , 

Vcc “ Max.. 

Mn>V hc or 

V 1N <V U c.f = 0 (2 » 

s 

25 

20 25 

15 20 

15 20 

15 20 

- 20 

20 

mA 

■ 

2.5 

1.0 2.0 

0.5 1.5 

0.5 1.5 

0.5 1.5 

1.5 

1.5 


NOTES: 

1 . All values are maximum guaranteed values. 

2. At f = f M AX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 

3. -55°C to + 125°C temperature range only. 




















































































IDT7198S/IDT7198L CMOS STATIC RAM 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = Vcc -0.2V 







TYP. (1) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 

2.0 V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

Vcc for Data Retention 

- 

2.0 

- 

- 

V 

•CCDR 

Data Retention Current 


MIL. 

COM’L. 

H 

IB 

600 900 

150 225 

jlA 

'cdr’ 31 

Chip Deselect to Data Retention Time 

CS > V HC 

Vin S V HC or < V LC 


0 

- 

- 

ns 

t R (3) 

Operation Recovery Time 


t BC (2) 

- 

- 

ns 

ll U l (3) 

Input Leakage Current 



- 

- 

2 

p.A 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 




- 2ZZZZ^ 


DATA RETENTION MODE 


V D r > 2V 


P 


5V 

t D -*-! 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5 V 


5 V 


DATAour ■ 


2550 < t 30pF* 


4800 


DATAour 


2550 


4800 

=r 5 P F * 


Figure 1. Output Load 


* Including scope and jig. 


Figure 2. Output Load 
(for t CLZ1| 2.toiz. t CHZ1 l 2i t OHZ> 
tow anc f *whz) 
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IDT7198S/IDT7198L CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

7198L15 (1) /20 <5) 
MIN. MAX. 

7198L25/30 
MIN. MAX. 

7198L35/45 
MIN. MAX. 

7198L55 (2) 
MIN. MAX. 

7198L70 (2) 
MIN. MAX. 

7198L85 (2) 
MIN. MAX. 

UNIT 

READ CYCLE 

m 

Read Cycle Time 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

- 

HEU 


Address Access Time 

- 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 


l ACS1.2 

Chip Select-1 , 2 Access Time < 3 > 

- 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

ns 

*CLZ1. 2 

Chip Select-1, 2 to Output in 

Low Z (4 > 

5 

i||- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*0E 

Output Enable to Output Valid 

- 

12/15 

- 

15/20 

- 

20/25 

- 

35 

- 

45 

- 

55 

MM 

*OLZ 

Output Enable to Output in 

Low Z (4) 

5 - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*CHZ1,2 

Chip Select-1, 2 to Output in 

High Z< 4 > 

- ii| 

7/8 

- 

10/13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

l OHZ 

Output Disable to Output in 

High Z< 4 > 

- 

7/8 

- 

15 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*0H 

Output Hold from Address 

Change 


- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

Vu 

Chip Select to Power Up Time < 4 ) 

0 

- 

0 

- 

0 - | 

0 

- 

0 

- 

0 

- 

ns 

l PO 

Chip Deselect to Power Down 
Time* 4 * 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

ns 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. Both chip selects must be active low for the device to be selected. 

4. This parameter guaranteed but not tested. 

5. Preliminary data only for military devices. 
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I DT7 1 98S/I DT7 1 98L CMOS STATIC RAM 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1) 



TIMING WAVEFORM OF READ CYCLE NO. 2 <12 - 4) 


ADDRESS 


DATA our 



TIMING WAVEFORM OF READ CYCLE NO. 3 


0.3, 4) 


CS j . Cs 2 


DATA out 






^ACSI ■ ^ ACS2 " 
*CLZ1 ■ l CLZ2 (5) ' 


Voc SUPPLY Ice 
CURRENT 

Irr 


7 


KXEX 


tcHZI • t CHZ2 <5) 






NOTES: 

1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS, = V (L , CS 2 = V !L . 

3. Address valid prior to or coincident with CS, and or CS 2 transition low. 

4. CE = V[ L 

5. Transition is measured ±200mV from steady state. 
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IDT7198S/IDT7198L CMOS STATIC RAM 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (\fcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

T\98S1SM/20<n 

7198L15 (1) /20 <S) 
MIN. MAX. 

7198S25/30 
7198L25/30 
MIN. MAX. 

7198S35/45 
7198L35/45 
MIN. MAX. 

7198S55 (2) 
7198L55 (2> 
MIN. MAX. 

7198S70< 2 > 
7198L70 (2) 
MIN. MAX. 

7198S85® 
7198L85 (2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc ■ 

Write Cycle Time 

13/17 


20/25 

- 

30/40 

- 

50 

- 

60 

- 

75 

- 


*CW1, 2 

Chip Select to End of Write (3) 

13/17 

: 

20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 


*AW 

HUSS— 

13/17 


20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 

ns 

*AS 

Address Set-up Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WP 

Write Pulse Width 

13/17 


20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 

MM 

V/VRI, 2 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write Enable to Output High Z (4) 

- 

6/7 

- 

7/10 

- 

10/15 

- 

25 

- 

30 

- 

40 

1 m 1 

*DW 

Data Valid to End of Write 

8/10 

- 

13/15 

- 

15/20 

- 

25 

- 

30 

- 

35 

- 

Ul 1 

*dh 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l 0W 

Output Active from End of 

Write (4) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. Both chip selects must be active low for the device to be selected. 

4. This parameter guaranteed but not tested. 

5. Preliminary data only for military devices. 

























































































IDT7198S/IDT7198L CMOS STATIC RAM 64K (16K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) 


( 1 , 2 , 3 , 7 ) 


ADDRESS 


CE 


C5..CS, 


WE 


DATA our 


DATA, 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (12 3 S 8> 



NOTES: 

1. WE. C5, or CS 2 must be high during all address transitions. 

2. A write occurs during the overlap (V/p) of a low C5,, a low CS 2 and a low WE. 

3. t W R is measured from the earlier of CS, , U5 2 or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the C5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200mV from steady state. 

7. If OE is low during a WE controlled write cycle, the write pulse width must be the greater of t WP or (t WH z + t DW ) to allow the I/O drivers to turn off 
and data to be placed on One bus for the required t DW . If is high during a WE controlled write cycle, this requirement does not apply and the 
write pulse can be as short as the specified tyyp. 

8. 75E = V| H 
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I DT71 98S/I DT71 98L CMOS STATIC RAM 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

mi 

EH 


El 

I/O 

POWER 

Standby 

B 

B 

B 

B 

High Z 

Standby 

Standby 

n 

n 

n 

n 

High Z 

Standby 

Read 

L 

L 

D 

L 

IS! 

Active 

Write 

L 

L 

L 

D 

D,n 

Active 

Read 

L 

L 

El 

O 

High Z 

Active 


CAPACITANCE (T a = +25° c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

ViN = OV 

7 

PF 

Cqut 

Output Capacitance 

V 0 ut = OV 

7 

PF 


NOTE: 


1. This parameter is determined by device characterization, but is not 
production tested. 


ORDERING INFORMATION 



Blank Commercial (0°Cto +70°C) 


B 

Military (-55°C to +125°C) 

Compliant to MIL-STD-883, Class B 

P 

Plastic DIP 


C 

Sidebraze DIP 


L 

Leadless Chip Carrier 

SO 

Small Outline 1C (Gull Wing) 

Y 

Small Outline 1C (J-bend) 

E 

CERPACK 


F 

Flatpack 


15 

Commercial Only ^ 


20 


25 



30 



35 


► Speed in Nanoseconds 

45 


55 

Military Only 


70 

Military Only 


85 

Military Only j 


S 

Standard Power 


L 

Low Power 


7198 

64K (16K x 4-Bit) 


















CMOS STATIC RAMS 

IDT71981S/L 

64 K (16Kx 4-BIT) 

IDT71982S/L 

Separate Data Inputs and Outputs 



FEATURES: 


DESCRIPTION: 


• Separate data inputs and outputs 

• IDT71981S/L: outputs track inputs during write mode 

• IDT71982S/L: high impedance outputs during write mode 

• High speed (equal access and cycle time) 

- Military: 2Q/25/30/35/45/55/70/85ns (max.) 

- Commercial: 15/20/25/30/35/45ns (max.) 

• Low power consumption 

- IDT71981/2S 
Active: 350mW (typ.) 

Standby: 100pw (typ.) 

- IDT71981/2L 
Active: 300mW (typ.) 

Standby: 30pw (typ.) 

• Battery backup operation— 2V data retention (L version only) 

• High-density 28-pin hermetic and plastic DIP, 28-pin leadless 
chip carrier . 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 


The IDT71981/IDT71982 are 65,536-bit high-speed static RAMs 
organized as 16K x 4. They are fabricated using IDT’s high- 
performance, high-reliability technology- CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides a cost effective alternative to bipolar and fast 
NMOS memories. 

Access times as fast as 15ns are available with typical power 
consumption of only 300mW. These circuits also offer a reduced 
power standby mode (Isb). When CS, goes high, the circuit will 
automatically go to, and remain in, this standby mode. In the ultra- 
low-power standby mode (Isbi), the devices consume less than 
2.5mW, typically. This capability provides significant system-level 
power and cooling savings. The low-power (L) versions also offer a 
battery backup data retention capability where the circuit typically 
consumes only 30pW operating off a 2 V battery. 

All inputs and outputs of the IDT71981/IDT71982 areTTL-com- 
patible and operate from a single 5V supply, thus simplifying sys- 
tem designs. Fully static asynchronous circuitry is used, which 
requires no clocks or refreshing for operation, and provides equal 
access and cycle times for ease of use. 

The IDT71981/IDT71982 are packaged in either space-saving 
28-pin, 400 mil hermetic DIPs, 28-pin 300 mil plastic DIPS or 28-pin 
leadless chip carriers, providing high board-level packing densi- 
ties. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



i i 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1 987 Integrated Device Technology, Inc. 
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IDT71981/IDT71982 CMOS STATIC RAMS 64K (16K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


A 0 

A, 

A 2 

A3 

a 4 

A 5 

A6 

A 7 

A 8 

Di 

d 2 

US, 

US 

GND 



DIP 

TOP VIEW 


LOGIC SYMBOL 


D, D 2 D 3 D 4 




a, 2 

An 

A io 

Ag 

D 4 

d 3 

y 4 

y 3 

y 2 


top“ew 


PIN NAMES 


a 0 -a, 3 

Address Inputs 

d,-d 4 

DATAin 

C$1 , CS 2 

Chip Selects 

y,-y 4 

DATA our 

wf 

Write Enable 

GND 

Ground 

OE 

Output Enable 

Vcc 

Power 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

ITTTT7I 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

1.0 

1.0 

w 

tauT 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

ra 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V ,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V ,L 

Input Low Voltage 

-0.5I 1 ) 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 









































IDT71981/IDT71982 CMOS STATIC RAMS 64K (16Kx 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT71981/2S 

MIN. TYP. (1> MAX. 

IDT71981/2L 

MIN. TYP.^' MAX. 

UNIT 


Input Leakage Current 

Vcc= Max., V^ = GNDtoVoc 

MIL. 

COM’L. 

- - 10 

5 

- - 5 

- - 2 

M-A 


Output Leakage Current 

Vfcc= Max. 

CS = V|n, Vquj = GND to V cc 

MIL. 

COM’L. 

10 

- - 5 

5 

- - 2 

|iA 

D 

Output Low Voltage 

Iol= 10mA, Vcc = Min. 

0.5 

0.5 

V 

I 0 l = 8mA, V C c = Min. 

0.4 

0.4 

V 


Output High Voltage 

Iol = -4mA, V C c = Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at v cc = 5.0V, + 25 °C ambient. 


DC ELECTRICAL CHARACTERISTICS (1) 

Vcg = 5.0V ±10%, V LC = 0.2V, V HC = Vcc - 0-2V 


SYMBOL 

PARAMETER 

POWER 

71981/2S15 

71981/2L15 

COM’L MIL 

71981/2S20 

71981/2L20 

COM’LMIL 

71981/2S25 

71981/2L25 

COM’LMIL 

71981/2S30/35 
71 981/2 L30/35 

COM’L MIL 

71981 /2S45/55( 3 ) 

71981/2L45/55 (3) 

COM’L MIL 

71981/2S70 

71981/2L70 

COM’L MIL 

71981/2S85 

71981/2L85 

COM’LMIL 

UNIT 

1 

Operating Power 
Supply Current 

C5 = V 1L . 

Outputs Open 

Vcc = Max., 
f = 0<2) 

S 

135 

120 140 

100 125 

100 110 

100 110 

110 

110 

mA 

a 

115 - 

105 125 

85 110 

85 95 

85 95 

95 

95 

1 

Dynamic 

Operating Current 
CS = V| L , 

Outputs Open. 

Vcc = Max., 

f = fMAX< 2 > 

s 

175 - 

150 170 

135 155 

125 140 

125 140 

140 

- 140 

mA 

■ 

160 

140 155 

125 145 

115/105125/115 

100 110 

110 

- 105^ 

1 

Standby Power 
Supply Current 
(TTL Level) 

CS > Vil, 

Vcc = Max., 
Outputs Open 
f = fMAxP> 

s 

75 

5 60 70 

55 60 

50/45 55/50 

45 50 

50 

50 

mA 

D 

65. - 

50 60 

45 50 

40/35 45/40 

30 35 

35 

35 

1 

Full Standby 

Power Supply 
Current (CMOS 
Level) 

CS > V HC . 

Vcc= Max., 

V IN > v hc or 
V| N <V LC .f = 0< 2 > 

s 

25 

20 25 

15 20 

15 20 

15 20 

- 20 

20 

mA 

■ 

2.5 

1.0 2.0 

■ 

m 

■ 

1.5 

- 1.5 




NOTES: 

1 . All values are maximum guaranteed values. 

2. At f = Imax address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc- f = 0 means no input lines change. 

3. -55°C to +125°C temperature range only. 


4-86 


















































































































IDT71981/IDT71982 CMOS STATIC RAMS 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V_c - 0.2V, Vhc = \fcc - 0.2 V ' 







TYP.W 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

^DR 

Vqq for Data Retention 

- . 

2.0 

- 

- 

V 

'cCDR 

Data Retention Current 


MIL. 

COM'L. 

■ 

in 

600 900 

150 225 

jiA 

^CDR* 3 * 

Chip Deselect to Data Retention Time 

-< O 
2 « 

IV IV 

o o 
o 

IA 

<: 

o 


0 

. - 

. - 

ns 

MBW 

Operation Recovery Time 


*rc <2) 

- 

- 

ns 

Hut (3) 

Input Leakage Current 



- 

- 

2 

pA 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 



LOW V cc DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


tcDR 

4.5V 

^ V DR > 2V 

V DR 

C 

4.5V 


=3 V////7 

L \ 

V,H 


V, H 

KWWY 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATAqut — 
2550 



DATAqut — 
2550 



Figure 1. Output Load 


* Including scope and jig. 


Figure 2. Output Load 
(for t CLZ i 1 2 , t 0LZ , t CH zi , 2 . *OHZ> 
tow and *whz) 
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IDT71981/IDT71982 CMOS STATIC RAMS 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

TISSI/ZSISW/ZO 
71981/2L15 (1, /20 
MIN. MAX. 

71981/2S25/30 
71981/2L25/30 
MIN. MAX. 

71981/2S35/45 

71981/2L35/45 

MIN. MAX. 

71981/2S55< 2 > 

71 981/2 L55 <2> 
MIN. MAX. 

71981/2S70< 2 > 
71981/2L70 (2) 
MIN. MAX. 

71981/2S85® 

71981/2L85 <2) 
MIN. MAX. 

UNIT 

READ CYCLE j 

PH 

Read Cycle Time 

15/20 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

- 

22 

l AA 

Address Access Time 

- 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 


'aCS1,2 

Chip Select-1 , 2 Access Time < 3 > 

- 

15/20 

- 

25/30 

- 

35/45 

- 

55 

- 

70 

- 

85 

|^§f 

'cLZI, 2 

Chip Select-1 . 2 to Output in 

Low 2 < 4 > 

5 

ilf- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l 0E 

Output Enable to Output Valid 

- 

12/15 

- 

15/20 

- 

20/25 

- 

35 

- 

45 

- 

55 

m 

*0LZ 

Output Enable to Output in 

Low Z (4) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'cHZI , 2 

Chip Select-1, 2 to Output in 

High Z < 4 > 


7/8 

- 

10/13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*0HZ 

Output Disable to Output in 

High Z < 4 > 


: 7/8 

- 

15 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

^OH 

Output Hold from Address 
Change 


1 ” 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'pu 

Chip Select to Power Up Time (4) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


*PD 

Chip Deselect to Power Down 
Time ( 4 ) 


15/20 

_ 

25/30 

_ 

35/45 

_ 

55 

— 

70 

— 

85 

D 















NOTES: 


1. 0°C to + 70° C temperature range only. Data for 20ns devices is preliminary for military temperature range. 

2. -55°C to + 125°C temperature range only. 

3. Both chip selects must be active low for the device to be selected. 

4. This parameter guaranteed but not tested. 
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IDT71981/1DT71982 CMOS STATIC RAMS 64K (16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 









IDT71981/IDT71982 CMOS STATIC RAMS 64K(16Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71981/2S15< 1 >/20 
71981/2L15 (1) /20 
MIN. MAX. 

71981/2S25/30 
71981/2L25/30 
MIN. MAX. 

71981/2S35/45 
71981/2L35/45 
MIN. MAX. 

71981/2S55< 2 > 

71981/2L55 (2) 
MIN. MAX. 

71981/2S70< 2) 

71981/2L70 (2) 
MIN. MAX. 

71981/2S85' 2 ) 

71981/2L85 (2) 
MIN. MAX. 


WRITE CYCLE 

*wc 

Write Cycle Time 

13/17 

- 

20/25 

- 

30/40 

- 

50 

- 

60 

- 

75 

- 

29 

*CW1. 2 

Chip Select to End of Write 

13/17 


20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 

29 

*AW 

Address Valid to End of Write 

13/17 


20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 

2 

*AS 

Address Set-up Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

191 

W 

Write Pulse Width 

13/17 

; - 

20/25 

- 

25/35 

- 

50 

- 

60 

- 

75 

- 

119 

l WR1, 2 

Write Recovery Time 

0 

- 


- 

0 

- 

0 

- 

0 

- 

0 

- 


l WHZ 

Write Enable to Output High Z < 3 - s) 

- 

6/7 

- 

7/10 

- 

10/15 

- 

25 

- 

30 

- 

40 


*DW 

Data Valid to End of Write 

8/10 

- 

13/15 

- 

15/20 

_ 

25 

- 

30 

- 

35 

- 

29 

*DH 

Data Hold Time 

0 

; - 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


*ow 

Output Active from End of 

Write (3. 5) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

t|Y 

Data Valid to Output Valid (3 ' 4) 


12/15 

- 

20/25 

- 

30/35 

- 

40 

- 

45 

- 

50 

2 m 

*WY 

Write Enable to Output Valid < 3 ’ 4 > 

- 

12/15 

- 

20/25 

- 

30/35 

t 

40 

- 

45 

- 

50 

29 


NOTES: 

1. 0°C to +70°C temperature range only. Data for 20ns devices is preliminary for military temperature range. 

2. -55° C to + 125°C temperaturo range only. 

3. This parameter guaranteed but not tested. 

4. For IDT71981S/L only. 

5. For IDT71982S/L only. 

































































































IDT71981/IDT71982 CMOS STATIC RAMS 64K (16K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT71981/IDT71982 CMOS STATIC RAMS 64K <16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 3 (WE CONTROLLED, OE LOW) (1S> 


ADDRESS 


CS j * CS2 


WF 


DATA in 


DATAqut (7) 


DATAqlh- (8) 



NOTES: 

1. WF or C5,. or CS 2 must b® high during all address transitions. 

2. A write occurs during the overlap (t WP ) of a low WF, a low CS , and a low CS 2 . 

3. tvy R is measured from the earlier of CS, , CS^ or WF going high to the end of the write cycle. 

4. If the CS, and or C^ low transition occurs simultaneously with the WF low transitions or after the WF transition, outputs remain in a high 
impedance state. 

5. CF is continuously low (CF = VIl). 

6. Transition is measured ±200mV from steady state. 

7. For IDT71981 only. 

8. For IDT71 982 only. 

9. DATA 01JT - = DAT A ^ 


TRUTH TABLE 


MODE 

EiB 

Hill 

EH 

Era 

OUTPUT 

POWER 

Standby 

n 

D 

D 

D 

High 2 

Standby 

Standby 

D 

■a 

n 

D 

High 2 

Standby 

Read 

L 

L 

H 

L 

*-buT 

Active 

Write hi 

L 

L 

L 

L 

Din 

Active 

Write ID 

L 

L 

L 

H 

High 2 

Active 

Write ( 2 ) 

L 

L 

L 

X 

High 2 

Active 

Read 

L 

L 

H 

H 

High Z 

Active 


CAPACITANCE (i A = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

MM 

Input Capacitance 

MBBi 

7 

PF 

Dout 

Output Capacitance 

V OUT= OV 

7 

PF 


NOTE: 


1. This parameter is determined by device characterization but is not 
production tested. 


NOTES: 

1. For IDT71 981 only. 

2. For IDT71982 only. 
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IDT71981/IDT71982 CMOS STATIC RAMS 64K (16K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


XXXXX A 999 

Device Type Power Speed 


A A 

Package Process/ 

| Temperature 

Range 


Blank 



P 

C 

L 


15 

20 

25 

30 

35 

45 

55 

70 

85 


I 71981 
| 71982 


Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP (300 mil) 
Sidebraze DIP (400 mil) 
Leadless Chip Carrier 


Commercial Only ^ 


► Speed in Nanoseconds 

Military Only 
Military Only 
Military Only J 

Standard Power 
Low Power 

64K (16Kx 4-Bit) 

64K (16K x 4-Bit) High Impedance Outputs 




FEATURES: 

• High-speed address/chip select access time 

- Military: 35/45/55/70/85/1 00/1 20/1 50/200ns (max.) 

- Commercial: 30/35/45ns (max.) 

• Low power consumption 

- IDT7164S 

Active: 300mW (typ.) 

Standby: lOOpw (typ.) 

- IDT7164L 

Active: 250mW (typ.) 

Standby: 30pw (typ.) 

• Battery backup operation -2V data retention voltage (L Version 
only) 

• Produced with advanced CEMOS™ high-performance 
technology 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Available in standard 28-pin DIP (600 mil), 28-pin THINDIP 
(300 mil), 28-pin LCC, 32-pin LCC and PLCC and 28-pin SOIC 

• Pin-compatible with standard 64K static RAM and EPROM 

• Military product available compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-85525 is pending listing on 
this function. Refer to Section 2/page 2-4. 




DESCRIPTION: 

The IDT71 64 is a 65,536 bit high-speed static RAM organized as 
8K x 8. It is fabricated using IDT’s high-performance, high-reliabil- 
ity CEMOS technology. 

Address access times as fast as 30ns are available with typical 
power consumption of only 250mW._The circuit also offers a re- 
duced power standby mode. When CS, goes high or CS 2 goes 
low, the circuit will automatically go to, and remain in, a low-power 
standby mode. In the full standby mode, the low-power device typi- 
cally consumes less than 30pW. The low-power (L) version also of- 
fers a battery backup data retention capability where the circuit 
typically consumes only 10pW operating off a 2V battery. 

All inputs and outputs of the IDT7164 are TTL-compatible and 
operation is from a single 5V supply, simplifying system designs. 
Fully static asynchronous circuitry is used, requiring no clocks or 
refreshing for operation. 

The IDT7164 is packaged in a 28-pin, 300 mil THINDIP; 28-pin, 
600 mil DIP; 32-pin LCC and PLCC and 28-pin LCC and SOIC, pro- 
viding high board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability.- 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 
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IDT7164S/IDT7164L CMOS STATIC RAM 64K (8K x 8-BIT) 


PIN CONFIGURATIONS 

NC C 1 28 □ Vcc INDEX — v 

A 12 C 2 27 □ WE V 

A 7 C 3 26 □ CSz [ 

Ag C 4 25 □ A 8 Ag 1 

A 5 [I 5 24 U Ag A 5 1 

A 4 c 6 P28-1, 23 □ A,, A , C 

A p 7 C28-1, „ n OT t 

Aa Jz 7 D28-1 22 OE A 3 I 

A 2 L 8 & 21 □ A 10 . L 

A( C s S028-1 20 □ CS, * L 

Ao C 10 19 □ l/Og L 

I/O! C 11 18 Zl l/0 7 ° L 

l/0 2 C 12 17 □ l/Og L 

l/0 3 C 13 18 31/05 1/01 f 

GND n 14 15 □ l/0 4 ' 

DIP/SOIC 
TOP VIEW 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


LOGIC SYMBOL 


A o 

I/O, 

A 1 

l/0 2 

A 2 

i/o 3 

A 3 

l/0 4 

a 4 

l/0 5 

A 5 

l/Og 

Ag 

l/0 7 

A 7 

l/Og 

A 8 

A 9 


A 10 


A n 


Al2 



CS, WE OE CSz 


PIN NAMES 


k 5! O O 8 W $ 

< < Z Z > g O 


::i 

5 

1 

29 

□ 

As 

::i 

6 


28 

□ 

a 9 

::] 

7 


27 

□ 

An 

::i 

8 

J32-1 

28 

□ 

NC 

:*.] 

9 

& 

25 

□ 

CE 

e:i 

10 

L32-1 

24 

□ 

A io 

□ 

11 


23 

□ 

e s. 

□ 

12 


22 

n 

I/O, 

n 

13 


21 

□ 

l/0 7 


14 15 16 17 18 19 20 


™ oq n ^ io co 

O o z 2 o o o 

- - C5 - - ^ 


32-PIN LCC/PLCC 
TOP VIEW 


Ao- A12 

Address 

WE 

Write Enable 

l/Ol - l/Og 

Data Input/Output 

OE 

Output Enable 

C5i 

Chip Select 

GND 

Ground 

CS 2 

Chip Select 

Vcc 

Power 



24 

23 

L28-1 22 


13 14 15 16 17 


O z o o o 
- o - - - 


28-PIN LCC 
TOP VIEW 
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IDT7164S/IDT7164L CMOS STATIC RAM 64K (8K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7164S 

MIN. TYP. (1 > MAX. 

IDT7164L 

MIN. TYP. (1) MAX. 

UNIT 

■fl 

Input Leakage Current 

Vqq = Max., Vjfsj = GND to Vqq 

MIL. 

COM’L. 

- - 10 

5 

- - 5 

- - 2 

M-A 

1 *LO 1 

Output Leakage Current 

Mx: = Max. 

CS, = V| H , V 0 ut = GND to Vqq 

MIL. 

COM’L. 

10 

- - 5 

- - 5 

- - 2 

M-A 

1 

Output Low Voltage 

l OL = 10mA, Vcc= Min. 

0.5 

0.5 

V 

Iql ~ 8mA, Vqq = Min. 

0.4 

0.4 

V 

— 

Output High Voltage 

Ioh= -4mA, V C c = Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at V C c = 5.0V, + 25°C ambient. 


DC ELECTRICAL CHARACTERISTICS (1> 


V cc = 5.0 V ±10%. V LC = 0.2 V. V HC = Vcc - 0.2 V 


SYMBOL 

PARAMETER 

POWER 

IDT7164S30 

IDT7164L30 

IDT7164S35 

IDT7164L35 

IDT7164S45 

IDT7164L45 

IDT7164S55 

IDT7164L55 

IDT7164S70 

IDT7164L70 

IDT7164S85< 2 > 

IDT7164L85 (2 > 

UNIT 




COM’L MIL 

COM’L 

MIL 

COM’L MIL 

COM’L 

MIL 

COM’L MIL 

COM’L 

MIL 


B 

Operating Power Supply 
Current. C3, = V| L , Outputs 

S 

90 

- 

90 

100 

90 

100 

- 

100 

100 

- 

100 

mA 

Open, CS 2 =V| H 

Vcc = Max., f = 0 (3) 

L 

80 

- 

80 

90 

80 

90 

- 

90 

90 

- 

90 

B 

Dynamic Operating Current 
CSi = V| L . Outputs Open, 

S 

160 

- 

150 

160 

150 

160 

- 

160 

160 

- 

160 

mA 

CS 2 = Mh- Vcc = Max., 

f = ^MAX* 3 ) 

L 

140 

- 

130 

140 

120 

130 

- 

125 

120 

- 

120 

fl 

Standby Power Supply 

Current (TTL Level), f = f MAX (3) 

S 

20 

- 

20 

20 

20 

20 

- 

20 

20 

- 

20 

mA 

CS, > V IH , or CS 2 > \^ L 

Vcc = Max., Outputs Open 

L 

3 

- 

3 

5 

3 

5 

- 

5 

5 

- 

5 

B 

Full Standby Power Supply 
Current (CMOS Level) f = 0 (3) 

S 

15 

- 

15 

20 

15 

20 

- 

20 

20 

- 

20 

mA 

1 . GS-j ^ Vj_|q and CS2 ^ Mhc 

2. CS 2 < Vlq, \fcc = Max. 

L 

0.2 

- 

0.2 

1.0 

0.2 

1.0 

- 

1.0 

1.0 

- 

1.0 


NOTES: 


1. All values are maximum guaranteed values. 

2. Also available: 100, 120, 150 and 200ns military devices. 

3. At f = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC - f = 0 means no input lines change. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to + 70°C 

ov 

5.0V ± 10% 



RATING 

COMMERCIAL 

MILITARY 

warn 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

n 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

B 

m 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pr 

Power Dissipation 

1.0 

1.0 

w 

•out 

DC Output Current 

50 

50 

mA 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

'B1 

Input High Voltage 

2.2 

- 

6.0 

V 

Ml 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1 . V |L (min.) = -3.0V for pulse width less than 20ns. 


4-96 




























































































































































IDT7164S/IDT7164L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(LVersionOnly) V LC = 0.2V. V H c = Vcc ~ 0-2V 






TYP.W 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

Vqr 

Vcc for Data Retention 

- 

2.0 

- 

- 

V 

•cCDR 

Data Retention Current 



■ 

■ 

200 300 

60 90 

pA 

*CDR 

Chip Deselect to Data Retention Time 

1. CS, > V^c. CS 2 — Vue 

2. CS 2 < V LC 


0 

- 

- 

ns 

^R 

Operation Recovery Time 


KUO 

- 

- 

ns 

li u l (3) 

Input Leakage Current 


- 

- 

2 

pA 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


7777 ?^ 


15V 


DATA RETENTION MODE 


V D r>2V 


^4 5V 




J - 

V,H 

WWW 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA 



4800 

30pF* 


m 


DATA ogx — 
2550 



Figure 1. Output Load 


Figure 2. Output Load 
(for t CLZ1i2> t 0 LZi fcHZ1,2> toHZ> 
*ow* *whz) 


Including scope and jig. 
































IDT7164S/IDT7164L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (v cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

T^SSOl 1 -*) 
7164L30< 1(8 > 
MIN. MAX. 

7164S35< s > 
7164L35 (S) 
MIN. MAX. 

7164S45 
7164L45 
MIN. MAX. 

7164S55< 2 > 
7164L55® 
MIN. MAX. 

7164S70< 2 > 
7164L70< 2 > 
MIN. MAX. 

7164S85< 2 > 
7164L85< 2 > 
MIN. MAX. 

UNIT 

READ CYCLE 

Irc 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

70 

- 

85 

- 

ns 

*AA 

Address Access Time 

- 

30 

- 

35 

- . 

45 

- 

55 

- 

70 

- 

85 


UcSI, 2 

Chip Select-1 . 2 Access Time < 3 > 

- 

35 < 6 > 

- 

40( 5 ) 

- 

45 

55 

- 

70 

- 

85 


tcLZI.2 

Chip Select-1 . 2 to Output in Low Z (4) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

mm 

*OI_Z 

Output Enable to Output in Low Z <4) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

mm 

ICHZI, 2 

Chip Select-1 , 2 to Output in High Z (4) 

- 

15 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

l OHZ 

Output Disable to Output in High Z <4) 

- 

15 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tpu 

Chip Select to Power Up Time (4) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpD 

Chip Select to Power Down Time < 4) 

- 

30 

- 

35 

- 

45 

- 

55 

- 

70 

- 

85 

mm 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. Also available: 100, 120, 150 and 200ns military devices. 

3. Both chip selects must be active for the device to be selected. 

4. This parameter guaranteed but not tested, 
t acsi = 35ns, t ac 32 = 40ns 

5- t AC si = 30ns, t A cs 2 = 35ns 








































































































I DT7 1 64S/I DT71 64L CMOS STATIC RAM 64K (8K X 8-BIT) 
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IDT7164S/IDT7164L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIALTEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (v cc = 5V ±10%. All Temperature Ranges) 


SYMBOL 

PARAMETER 

7164S30W 
7164L30 (1) 
MIN. MAX. 

7164S35 
7164L35 
MIN. MAX. 

7164S45 
7164L45 
MIN. MAX. 

7164S55< 2 > 
7164L55 (2) 
MIN. MAX. 

7164S70< 2 > 
7164L70< 2 > 
MIN. MAX. 

7164S85< 2 > 
7164L85 (2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

70 

- 

85 

- 

ns 

tcwi, 2 

Chip Select to End of Write 

25 

- 

30 

- 

40 

- 

50 

- 

60 

- 

75 

- 


W 

Address Valid to End of Write 

25 

- 

30 

- 

40 

- 

50 

- 

60 

- 

75 

- 


l AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

■ 

W 

Write Pulse Width 

25 

_ 

30 

- 

40 

- 

50 

- 

60 

- 

75 

- 


*WR1 

Write Recovery Time (£5i, WE) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WR2 

Write Recovery Time (CS 2 ) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*WHZ 

Write Enable to Output High Z (3) 

- 

12 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

<DW 

Data to Write Time Overlap 

13 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 


^DH 

Data Hold from Write Time* 4 * 

3/5 

- 

3/5 

- 

3/5 

- 

3/5 

- 

3/5 

- 

3/5 

- 


tow 

Output Active from End of Write (3) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 



NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. Also available: 100, 120. 150 and 200ns military devices. 

3. This parameter guaranteed but not tested. 

4. With respect to CS, , WE = 30ns, CS 2 = 5ns 
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IDT7164S/IDT7164L CMOS STATIC RAM 64K(8Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (1) 


ADDRESS ^ 

-« t wc ► 

k - - . , 

r 




, lb 

z 


5 

*- ^WR2^ 3 l“*' 


CS, , //t 

T 7T7T-, 

l \ 

v\V 

\W\~ 



(5) 

^ / 

V/ 

l WR1 w 

//// 

-► 

t AS 

' *AW *" 


t W R1 (3 > 

WE 

DATA nllT ; \ \ \ 


\ 7 

V// 

/ 

)ANCE 

I— W 

\ \ \ 


\* t WP <2) 

HIGH IMPEL 

ljlLJ. r i / rj 


— 'dw 

"* 'dh *■ 


DATA... 

A/ nATfl 

VALID ' 

m 

V ^ 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (1l6) 


ADDRESS 


CS, 


CS, 


WE 


DATA, 


DATA,, 


^ 

/ 

H *wc ► 

tl ' ~1 

( 


L 


tr 

t WR2< 3 > 

im 

mm 

t \ 

- t ... 

s 



BBSS 


S3 

mm 



EE 


*WR1 <3) 

^AS 

■SMB 

m 


(7) 

|| 


t h. 9 ) 

l WHZ' 



( (8) 

///////////// 

H- *DW 

L— ^DH 


data 1n VALID 


](XKXXX~ 


NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low CS , and a high CS 2 . 

3. t WR1 2 is measured from the earlier of US, or WE going high or CS 2 going low to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals must not be applied. 

5. If the £5i low transition or CS 2 high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high 
impedance state. 

6. (5E is continuously low (?5E = V (L ). 

7. DATA out is the same phase of write data of this write cycle. 

8. If C5i is low and CS 2 is high during this period, I/O pins are in the output state. Data input signals must not be applied. 

9. Transition is measured ±200mV from steady state. 



1DT7164S/IDT7164L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (t a = + 25 °c,t = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

| CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 


8 

PF 

Dour 

Output Capacitance 


8 

PF 


NOTE: 


1 . This parameter is determined by device characterization but is not 
production tested. 


TRUTH TABLE 



EH 

o 

CO 

ro 


I/O 

MODE 

D 

wm 

MM 

MM 

HIGH Z 

Standby (Isb) 

D 

MM 

L 

MM 

HIGH Z 

Standby (Isb) 

X 

V HC 

V H c° r 

V L c 

X 

HIGH Z 

Standby (l SB1 ) 

X 

X 

Vlc 

X 

HIGH Z 

Standby (Isbi) 

H 

L 

H 

H 

HIGH Z 

Output disable 

H 

L 

H 

L 

Dout 

Read 

L 

L 

H 

X 

D,n 

Write 


NOTE: 

1. CS 2 will power-down CS,. but £3, will not power-down CS 2 . 


ORDERING INFORMATION 



Blank 

B 


P 

TC 

D 

J 

L 

SO 

30 

45 

55 

70 

85 

S 

L 

7164 


Commercial (0°C to +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
Sidebraze THINDIP 
CERDIP 

Plastic Leaded Chip Carrier 
Leadless Chip Carrier 
Small Outline 1C 


Commercial Only 


Military Only 
Military Only 
Military Only 


Speed in Nanoseconds 


Standard Power 
Low Power 


64K (8K x 8-Bit) CMOS Static RAM 
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FEATURES: 

• 16-bit word width, with separate control of upper and lower 
bytes 

• High-speed access 

- Military: 55/70/85ns (max.) 

- Commercial: 45/55ns (max.) 

• Low power consumption 

- IDT7186S 

Active: 400mW (typ.) 

Standby: 100pW (typ.) 

- IDT7186L 

Active: 300mW (typ.) 

Standby: 30pW (typ.) 

• Separate upper-byte and lower-byte control for multiplexed bus 
compatibility 

• JEDEC compatible pinout 

• Battery backup operation— 2V data retention 

• Available in 40-pin, 600 mil plastic and sidebraze DIP 

• TTL-compatible 

• Single 5V (±10%) power supply 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7186 is an extremely high-speed 4K x 16-bit static RAM 
designed for use In wide-word systems where high speed, low 
power and board density are of the utmost importance. 

The IDT71 86 uses sixteen bidirectional input/output lines to pro- 
vide simultaneous access to all bits in a word and has two byte en- 

able lines to allow the upper and lower byte of a word to be ac- 
cessed either together or Independently. A high-speed output en- mi 
able pin allows designers to turn on the IDT7186's outputs at a W* 
speed much higher than the already fast address access time and HLHH 
achieve a considerable throughput_advantage. An automatic 
power down feature, controlled by CE, permits the on-chip cir- 
cuitry to enter a very low standby mode. 

Fabricated using IDT’s CEMOS ™ high-performance technol- 
ogy, the IDT7186 typically operates on only 300mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions of- 
fer battery backup data retention capability, typically consuming 
30pW from a 2V battery. 

The IDT7186 is packaged in either a sidebraze or plastic 40-pin 
DIP. Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 




IDT7186S/IDT7186L 64K (4K x 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


LOGIC SYMBOL 




PIN NAMES 


Ao-An 

Addresses 

l/Oo-l/Ois 

Data Input/Output 

CE 

Chip Enable 

WE 

Write Enable 

OE 

Output Enable 

Ub 

Upper Byte Enable 

LB 

Lower Byte Enable 

GND 

Ground 

v cc 

Power 


ABSOLUTE MAXIMUM RATINGS (1) RECOMMENDED DC OPERATING CONDITIONS 


NOTE: 

1 . V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


|symbol| 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

KM 

Supply Voltage 

ma 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 

6.0 

V 

Ml 

Input Low Voltage 

-oso* 

- 

0.8 

V 


EBE5I 

RATING 

COMMERCIAL 

MILITARY 

wmi 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

loiTT 

DC Output Current 

50 

50 

mA 
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IDT7186S/IDT7186L 64K (4K x 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 


V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT7186S 

MIN. 

MAX. 

IDT7186L 

MIN. 

MAX. 

UNIT 

llul 

Input Leakage Current 

Vqc — Max., V, N — GND to Vqq 

MIL. 

- 

10 

- 

5 

pA 

COM'L. 

- 

10 

- 

5 

PA 


Output Leakage Current 

V cc Max. 

MIL. 

- 

10 

- 

5 

PA 

CE = V ih ,V 0U t= GNDtoVc C 

COM’L 

- 

10 

- 

5 

PA 

■ 

Output Low Voltage 

l 0L = 6mA, Vfcc = Min. 


_ 

0.4 

_ 

0.4 

V 


I 0L = 8mA, V cc = Min. 


- 

0.5 

- 

0.5 

V 


Output High Voltage 

I 0H = -4mA, V cc = Min. 

2.4 

- 

2.4 

- 

V 




DC ELECTRICAL CHARACTERISTICS m 

V cc = 5V ±10%. V LC = 0.2V, V HC = V cc - 0.2 V 


SYMBOL 

PARAMETER 

POWER 

IDT7186S45 

IDT7186L45 

IDT7186S55 

IDT7186L55 

IDT7186S70 

IDT7186L70 

UNIT 




COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 


PI 

Operating Power Supply Current 
CE=V| L , Outputs Open, 

Vfcc = Max., f = 0< 2 > 

S 

130 

- 

130 

150 

130 

150 

mA 

H 

L 

115 

- 

115 

135 

115 

135 

mA 

D 

Dynamic Operating Current 

CE=V il . Outputs Open, 
v cc = Max., f = f MAX <2) 

S 

160 

- 

160 

190 

160 

190 

mA 

L 

140 

- 

140 

170 

140 

170 

mA 

n 

Standby Power Supply Current 
(TTL Level) CE > V IH 

S 

40 

- 

40 

40 

40 

40 

mA 

Vfcc = Max., f = f M AX ( 2 ) 

Outputs Open 

L 

6 

- 

6 

6 

6 

6 

mA 

n 

Full Standby Power Supply 

Current (CMOS Level) 

S 

15 

- 

15 

20 

15 

20 

mA 

CE > V HC ■ Mn < V LC or V IN 5 V HC 

Vcc = Max., f = 0 ( 2 ) 

L 

0.5 

- 

0.5 

1.5 

0.5 

1.5 

mA 


NOTES: 

1 . All values are maximum guaranteed values. 

2. At f = f MAX> address and data input are cycling at the maximum frequency of read cycles of l/foc. f = 0 means no input lines change. 
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IDT7186S/IPT7186L 64K (4Kx 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V H c = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

typ.R) 

MAX. 

UNIT 

V C c @ 

2.0V 3.0V 

V C c 

2.0V 

@ 

3.0V 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

- 

mm 

■■ 



MIL 

■ 

_ __ 

600 

900 


■ 

Data Retention Current 



MB 




pA 

mam 


CE >V HC 

COM’L. 


“ — 

200 

300 


*cor (3) 

Chip Deselect to Data Retention Time 

Mn > V HC or < V LC 


0 

- 

- 

- 

ns 

t R 0) 

Operation Recovery Time 



*rc (2) 

- 


- 

ns 

|I U I < 3 > 

Input Leakage Current 



- 

- 

2 

2 

pA 


NOTES: 

1. T A = +25°C 

2. 1 rc = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


4.5V 


- 7 7ZZZ3 ’\T K 


DATA RETENTION MODE 


A. 


V DR > 2V 


fv 


4.5 V 
k-t D . 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAqijt — 
2550 



5V 



4800 

5pF* 


Figure 1. Output Load 


Figure 2. Output Load 
(for t ovv , t WHZ , t CHZ , t CLZ , 

*BHZ> *BLZ>foHZ> foLZ) 

* Including scope and jig. 
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IDT7186S/IDT7186L 64K (4K x 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


NOTES: 

1. 0°C 

2. This 


to +70°C temperature range only, 
parameter is guaranteed but not tested. 


SYMBOL 

PARAMETER 

IDT7186S45 M 
IDT7186L45 

MIN. MAX. 

IDT7186S55 

IDT7186L55 

MIN. MAX. 

IDT7186S70 

IDT7186L70 

MIN. MAX. 

UNIT 

READ CYCLE 

l RC 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ACE 

Chip Enable Access Time 

- 

45 

- 

55 

- 

70 

ns 

l AB 

Upper/Lower Byte Enable Access Time 

- 

20 

- 

25 

- 

30 

ns 

*CLZ 

Chip Enable to Output in Low Z (2) 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

20 

- 

25 

- 

30 

ns 

*BLZ 

Upper/Lower Byte Enable to Output in Low Z (2) 

5 

- 

5 

- 

5 

- 

ns 

*OLZ 

Output Enable to Output in Low Z <2) 

5 

- 

5 

- 

5 

- 

ns 

*CHZ 

Chip Disable to Output in High Z< 2 > 

- 

20 

- 

25 

- 

30 

ns 

*OHZ 

Output Disable to Output in High Z (2) 

- 

20 

- 

25 

- 

30 

ns 

*0H 

Output Hold from Address Change 

5 

- 

5 

' - 

5 

- 

ns 

l BHZ 

Upper/Lower Byte Enable to Output in High Z <2) 

- 

20 

- 

25 

- 

30 

ns 

*PU 

Chip Enable to Power Up Time 

0 

- 

0 

- 

0 

- 

ns 

l PD 

Chip Disable to Power Down Time 

- 

45 

- 

55 

- 

70 

ns 
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IDT7186S/IDT7186L 64K (4K x 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



4-108 






I DT7 1 86S/I DT7 1 86L 64K (4K x 16-BIT) CMOS STATIC RAM MILITA 


AC ELECTRICAL CHARACTERISTICS (v cc = 5V ±10%, All Temperature Ranges) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SYMBOL 

PARAMETER 

IDT7186S45< 1 > 
IDT7186L45 (1) 

MIN. MAX. 

IDT7186S55 

IDT7186L55 

MIN. MAX. 

IDT7186S70 

IDT7186L70 

MIN. MAX. 

UNIT 

WRITE CYCLE 








'wc 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

l cw 

Chip Enable to End of Write 

40 

- 

50 

- 

60 

- 

ns 

l BW 

Upper/Lower Byte Enable to End of Write 

40 

- 

50 

- 

60 

- 

ns 

'aw 

Address Valid to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 

'wp 

Write Pulse Width 

40 

- 

50 

- 

60 

- 

ns 

'wR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write to Output in High Z* 2 * 

- 

20 

- 

25 

- 

30 

ns 

'dw 

Data Set-up Time 

20 

- 

25 

- 

30 

- 

ns 

'dh 

Data Hold from Write Time 

3 

- 

3 

- 

3 

- 

ns 

'ow 

Output Active from End of Write® 

5 

- 

5 

- 

5 

- 

ns 



1. 0°C to +70°C temperature range only. 

2. This parameter is guaranteed but not tested. 
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IDT7186S/IDT7186L64K(4Kx 16-BIT) CMOS STATIC RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF WRITE CYCLE NO. 1,(WE CONTROLLED TIMING) (12 ' 3,7>8) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CE CONTROLLED TIMING) (1>2l3>5>8) 



TIMING WAVEFORM OF WRITE CYCLE NO. 3, (UB or LB CONTROLLED TIMING) (1> 2> 3> 5l 9) 



NOTES: 

1. WE. CE. or both UB or UB must be high during all address transitions. 

2. A write occurs during the overlap (t BW , tc W or t WP ) of a low UB or UB, a low CE and a low WE. 

3. t WR is measured from the earlier of UB, UB, CE or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE, UB, or UB low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state with a 5pF load (including scope and jig). 

7. If CE is low during a WE controlled write cycle, the write pulse width must be the larger of t WP or (t wz + tow ) to allow the I/O drivers to turn off and 
data to be placed on the bus for the required t DW . If CE is high during an WE controlled write cycle, this requirement does not apply and the 
write pulse can be as short as the specified t WP . 

8. UBorUB = V IL 

9. CE = V| L 
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IDT7186S/IDT7186L 64K (4K x 16-BIT) CMOS STATIC RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE (1 > 


INPUTS 

OUTPUTS 

MODE 

BE 

WE 

BE 

OB 

TB 

I/O,- i/o 15 

l/O 0 - I/O-, 

H 

X 

■a 

X 

X 

Hi-Z 

Hi-Z 

Deselected. Powered Down 

L 

X 

X 

H 

H 

Hi-Z 

Hi-Z 

Both Bytes Deselected 

L 

L 

X 

L 

H 

data in 

Hi-Z 

Write to Upper Byte Only 

L 

L 

X 

H 

L 

Hi-Z 

data 1n 

Write to Lower Byte Only 

L 

L 

X 

L 

L 

DATA in 

DATA in 

Write to Both Bytes (Word Write) 

L 

H 

L 

L 

H 

DATA qut 

Hi-Z 

Read Upper Byte Only 

L 

H 

L 

H 

L 

Hi-Z 

DATA our 

Read Lower Byte Only 

L 

H 

L 

L 

L 

DATA our 

DATA our 

Read Both Bytes (Word Read) 

L 

H 

H 

X 

mm 

Hi-Z 

Hi-Z 

Outputs Disabled 


NOTES: 

1. H = High, L=Low, X= Don't Care. Hi-Z = High Impedance 


ORDERING INFORMATION 


IDT 


xxxxx 


999 


Device Type Power Speed Package Process/ 

Temperature 
Range 


Blank Commercial (0°C to +70°C) 

B Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B, 


P 

Plastic DIP 

C 

Sidebraze DIP 

45 

Commercial Only 

55 

70 


S 

Standard Power 

L 

Low Power 


Speed in Nanoseconds 


7186 


64 K (4Kx 16-Bit) 




















































CMOS STATIC RAM 


IDT7MP564 



FEATURES: 


DESCRIPTION: 


• 81 ,920-bit CMOS static RAM module with decoupling capacitor 

• High speed: 20ns max. 

• Low power consumption: 1.1 Wtyp. 

• IDT7MP564 package options reduce overall height 

• Utilizes I DT61 67s— high-performance 16K RAMs produced 
with advanced CEMOS™ 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (+ 10%) power supply 

• Inputs and outputs directly TTL-compatible 


The IDT7MP564 is an 80K (16,384 x 5-bit) high-speed CMOS 
static RAM constructed on an epoxy laminate substrate using 5 
IDT6167 (16,384 x 1-bit) CMOS static RAMs in plastic surface 
mount packages. Extremely fast speeds can be achieved with this 
technique due to use of the IDT6167 RAMs, fabricated in IDT’s 
high-performance, high-reliability technology— CEMOS. This 
state-of-the-art technology, combined with innovative circuit de- 
sign techniques, provides the fastest 16K static RAMs available. 

The IDT7MP564 is available with access times as fast as 20ns, 
with maximum power, consumption of only 2.2 watts. The circuit 
also offers a reduced power standby mode. When goes high, 
the circuit automatically goes to, and remains in, a standby mode 
as long as CS remains high, consuming only 963mW maximum. 
Substantially lower power levels can be achieved in the Isbi mode 
(less than l38mW max.). 

All inputs and outputs of the IDT7MP564 are TTL-compatible 
and operate from a single 5V supply, thus simplifying system de- 
signs. Fully asynchronous circuitry is used, requiring no clocks or 
refreshing for operation, and providing equal access and cycle 
times for ease of use. 



PIN CONFIGURATION 


M20 


mtwwfwmwwmfww 


q q o < <t <c o' ■* <t <r j 


■'T PJ CM lO CD u 


SIP 

SIDE VIEW 


PIN NAMES 


A0-A13 Addresses 

WE Write Enable 

l/Oi - I/Os Data Inpuls/Outputs 

Vfcc Power 

CS Chip Select 

GND Ground 


CEMOS is a trademark of Integrated Device Technology. Inc. 


COMMERCIAL TEMPERATURE RANGE 

© 1987 Integrated Device Technology, Inc. 
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FEATURES: 

• High-speed (equal access and cycle time) 

— Military: 35/45/55/70ns (max.) 

— Commercial: 25/35/45/55ns (max.) 

• Low-power operation 

- IDT71257S 

Active: 400mW (typ.) 

Standby: 400 jjW (typ.) 

- IDT71257L 

Active: 350mW (typ.) 

Standby: 100pW (typ.) 

• Battery backup operation— 2V data retention (L version only) 

• Produced with advanced CEMOS™ high-performance 
technology 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Static operation: no clocks or refresh required 

• Available in high-density industry standard 24-pin, 300 mil DIP 
and 24-pin SOIC 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71257 is a 262,144-bit high-speed static RAM organized 
as 256 K x 1 . It is fabricated using IDT’s high-performance, high-re- 
liability CEMOS technology. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost-effective alternative to bipolar and fast NMOS memories. HpaHM 

Access times as fast as 25ns are available with typical power 
consumption of only 350mW. The IDT71257 offers a reduced jliyy 
power standby mode, Isbi , which enables the designer to greatly 
reduce device power requirements. This capability provides sig- 
nificant system level power and cooling savings. The low-power 
(L) version also offers a battery backup data retention capability 
where the circuit typically consumes only 1 0OpW operation off a 2 V 
battery. 

All inputs and outputs of the IDT71257 are TTL-compatible and 
operation is from a single 5V supply, simplifying system designs. 

Fully static asynchronous circuitry is used, requiring no clocks or 
refreshing for operation, providing equal access and cycle times 
for ease of use. 

The IDT71257 is packaged in a 24-pin 300 mil DIP and a 24-pin 
SOIC, providing high board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology. Inc. DSC-1016/- 
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I DT71 257S/I DT7 1 257L CMOS 
STATIC RAM 256K (256K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


LOGIC SYMBOL 



PIN NAMES 


Ao - A 17 

Addresses 

Din 

Data Input 

C3 

Chip Select 

WE 

Write Enable 

Dout 

Data Output 

GND 

Ground 

Vcc 

Power 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55° C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pi 

Power Dissipation 

1.0 

1.0 

W 

buT 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is astress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute' maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,h 

Input High Voltage 

2.2 

- 

6.0 

V 

V,i 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1 . V IL = -3.0V for pulse width less than 20ns. 


DC ELECTRICAL CHARACTERISTICS v cc = sov±io% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT71257S 

MIN. MAX. 

IDT71257L 

MIN. MAX. 

UNIT 


Input Leakage Current 

V cc = Max., Vin = GND to V cc 

MIL. 

- 

10 

- 

5 

pA 

COM’L. 

- 

5 

- 

2 

I’loI 

Output Leakage Current 

V cc = Max. 

MIL 

- 

10 

- 

5 

|iA 

CS = V 1H .V 0UT = GND to V cc 

COM’L. 

- 

5 

- 

2 


Output Low Voltage 

l 0L 1 8mA, \^ c = Min. 


- 

0.4 

- 

0.4 

V 

V OL 

Iol = 10mA, V C c = Mi n - 


- 

0.5 

- 

0.5 

V 

V OH 

Output High Voltage 

Ioh = -4mA, V C c = Min. 

2.4 

- 

2.4 

- 

V 


4-114 






















































I DT7 1 257S/I DT71 257L CMOS 
STATIC RAM 256K (256K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS <’> (V cc = 5V ±10%. v LC = 0.2V. v HC = v cc - 0.2V) 


SYMBOL 

PARAMETER 

POWER 

FUNCTlOfi 

IDT71257S25 

IDT71257L25 

IDT71257S35* 4 ) 

IDT71257L35< 4 > 

IDT71257S45 

IDT71257L45 

IDT71257S55 

IDT71257L55 

IDT71257S70 

IDT71257L70 

UNIT 





COM’L. MIL. 

COM’L 

MIL. 

COM’L 

MIL. 

COM’L 

MIL 

COM’L 

MIL 



Operating Power 


READ 

60 

50 

60 

50 

60 

50 

60 

- 

60 


H 

Supply Current 

CS = V ILl 

Outputs Open, 


write< 2 > 

110 

100 

110 

100 

110 

100 

110 

- 

110 

mA 

— 

READ 

40 

30 

40 

30 

40 

30 

40 

- 

40 


V cc = Max., f = 0< 3 > 

■2 

WRITE* 2 ) 

100 

90 

100 

90 

100 

90 

100 

- 

100 


■ I 

Dynamic Operating 


READ 

160 

150 

160 

150 

160 

150 

160 

- 

160 


H 

Current 
c§ = V IL . 

Outputs Open, 


WRITE* 2 * 

160 

150 

160 

150 

160 

150 

160 

- 

160 

mA 

a 

READ 

140 

130 

140 

130 

140 

130 

140 

- 

140 

Hi 

V cc = Max., f = f MAX <3) 

WRITE* 2 ) 

140 

130 

140 

130 

140 

130 

140 

- 

140 


■ 

Standby Power 

Supply Current 
(TTL Level) 

CS > Mh. 

Vcc = Max., 

Outputs Open, 

f = fMAX< 3 > 

S 


35 

35 

35 

35 

35 

35 

35 

- 

35 

mA 


■ 


20 

20 

20 

20 

20 

20 

20 

- 

20 


Full Standby Power 
Supply Current 
(CMOS Level) 

CS > V HC , V C c = Max. 
f = O® 

s 


30 

30 

35 

30 

35 

30 

35 

- 

35 

mA 


■ 


1.5 

1.5 

4.5 


4.5 


4.5 

- 

4.5 


NOTES: 

1 . All values are maximum guaranteed values. 


2. Write cycle current specifications are included to aid in the design of extremely sensitive applications. It should be noted that in most systems the ratio of 
read cycles to write cycles is extremely high. When comparing these figures to those on other data sheets, we recommend that the read cycle data is used 
(especially where “Average" current consumption figures are specified). 

3. At f = f^Ax address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 

4. Preliminary data for military devices only. 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

| CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

> 

o 

II 

z 

> 

11 

pF 

C 0UT 

Output Capacitance 

Vqut = 0V 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is not 
production tested. 


TRUTH TABLE (V U c = o.2V. v HC = v cc -o.2V) 


WE 

CS 

OUTPUT 

MODE 

X 

H 

Hi-Z 

Standby (Isb) 

X 

V H c 

Hi-Z 

Standby (Isbi) 

H 

L 

d out 

Read 

L 

L 

Hi-Z 

Write 


NOTE: 

1. H = V u . L = V„ . X = Don't Care 











































































































IDT71257S/IDT71257L CMOS 
STATIC RAM 256K (256K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(LVersion Only) V LC = 0.2V, V HC = V cc - 0.2V 







TYP. (1) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


MIN. 

Vcc @ 

2.0V 3.0V 

V C c 

2.0V 

@ 

3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 


2.0 

- 

- 

- 

- 

V 

•CCDR 

Data Retention Current 


MIL 

- 

50 

75 

2000 

3000 

P-A 

cs > V HC 

COM'L. 

- 

50 

75 

500 

750 

'cdr (3) 

Chip Deselect to Data Retention Time 


0 

- 

- 

- 

- 

ns 

t R < 3 > 

Operation Recovery Time 



t RC <2) 

- 

- 

- 

- 

ns 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed, but not tested. 


LOW V CC DATA RETENTION WAVEFORM 


4.5V 


« T 7T777^ 


DATA RETENTION MODE 




v nn > 2V 


7F 


5V 

1^- t„ -*■ 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

jnnijt Jjminn Roforonoo l_9V9!s 

1 ,5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATAquj 

2550 



4800 

30pF* 


5V 


DATAout 


2550 « 


4800 
T 5pF* 


Figure 1. Output Load 


Figure 2. Output Load 
(for t 0 LZi l CLZ> l OHZ> 
twHZ. tcHZ. tow ) 


‘Including scope and jig. 


4-116 




































IDT71257S/IDT71257L CMOS 
STATIC RAM 256K (256K X 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

1DT71257S25* 1 * 
IDT71257L25 (1) 
MIN. MAX. 

IDT71257S35 
IDT71257L35 
MIN. MAX. 

IDT71257S45 
IDT71257L45 
MIN. MAX. 

IDT71257S55 
IDT71257L55 
MIN. MAX. 

IDT71257S70< 2 > 
IDT71257L70 (2) 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 

55 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

*ACS 

Chip Select Access Time 

- 

30 

35 

- 

45 

- 

55 

- 

70 

ns 

tcLZ 

Chip Select to Output in Low Z (3) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tpu 

Chip Select to Power Up Time (3) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

IpD 


- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

^CHZ 

Chip Deselect to Output in High Z <3) 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

l OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 












































































IDT71257S/IDT71257L CMOS 
STATIC RAM 256K (256Kx 1-BIT) 


TIMING WAVEFORM OF READ CYCLE NO. 1 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT71257S/1DT71257L CMOS 
STATIC RAM 256K (256K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5 V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71257S25< 1 > 
IDT71257L25 (1> 
MIN. MAX. 

IDT71257S35 
IDT71257L35 
MIN. MAX. 

IDT71257S45 
IDT71257L45 
MIN. MAX. 

IDT71257S55 
IDT71257L55 
MIN. MAX. 

IDT71257S70< 2 > 
IDT71257L70 (2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

l cw 

Chip Select to End of Write 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

•aw 

Address Valid to End of Write 

20 

- 

30 


40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WP 

Write Pulse Width 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

m 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WHZ 

Write Enable to Output in High Z (3) 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*DW 

Data Valid to End of Write 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

ns 

*DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tow 

Output Active from End of Write 13 * 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 




























































































I DT7 1 257S/I DT71 257L CMOS 
STATIC RAM 256K (256K X 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (1,2,3) 
(WE CONTROLLED TIMING) 



(CS CONTROLLED TIMING) 



NOTES: 

1 . WE or <25 must be high during all address transitions. 

2. A write occurs during the overlap (tew or twr) of a low 55 and a low WE. 

3. t WR is measured from the earlier of 55 or WE going high to the end of the write cycle. 

4. If the 55 low transition occurs simultaneous with or after the WE low transition, the outputs remain in the high impedance state. 

5. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). 
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IDT71257S/IDT71257L CMOS 
STATIC RAM 256K (256K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Commercial (0°Cto +70°C) 

Military (-55°Cto + 125°C) 

Compliant with MIL-STD-883, Class B 

Sidebraze DIP 
Small Outline 1C 

Commercial Only 

Speed in Nanoseconds 

Military Only 

Low Power 
Standard Power 

256 K (256K x 1-Bit) Static RAM 


4 
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FEATURES: 

• High-density 256K (256K x 1) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 28-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 

— Dynamic: less than 600mW (typ.) 

— Full standby: less than 30mW (typ.) 

• Utilizes IDT7187 high-performance 64K static RAMs pro- 
duced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

e Inputs and outputs directly TTL-compatible 


DESCRIPTION 

The 1DT7MP156 is a 256K (256K x 1-bit) high-speed static RAM 
module constructed on an epoxy laminate surface using four 
IDT7187 64K x 1 static RAMs in surface mount packages. Ex- 
tremely fast speeds can be achieved with this technique due to use 
of 64K static RAMs fabricated in IDT’s high-performance, high-reli- 
ability CEMOS technology. 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP156 is offered in a 28-pin SIP (single in-line package). The 
IDT7MP156 can be mounted on 200 mil centers, yielding 1.25 
megabits of memory in less than 3 square inches of board space. 

The IDT7MP156 is available with maximum access times as fast 
as 25ns with maitimum power consumption of 1 .8 watts. The mod- 
ule also offersra full standby mode of 440mW (max.). 

All inputs and outputs of the IDT7MP156 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION 


Vcc 

A 4 

A, 

A 5 

a 13 

WEo 

CEo 

A 2 

A 12 

a 8 

A io 

WEi 

Ao 

A 7 

a 9 

a 6 

CEz 
WE2 
DATA r., «. 



FUNCTIONAL BLOCK DIAGRAM 

(>„ 'f 7 


WE C5 


WE C5 






•ADDRESS 


64K x 1 

64K x 1 

64K x 1 

64Kx 1 

RAM 

RAM 

RAM 

RAM 


PIN NAMES 


SIP 

TOP VIEW 

NOTE: 

1 . For module dimensions, plese refer to module drawing Mil in the packaging section. 
CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


© 1987 Integrated Device Technology. Inc. 


A 0 -A 15 

Address Lines 

Qn 

Data Input 

Rdut 

Data Output 

^Eo-3 

Chip Enable 

WEo-3 

Write Enable 

Vcc 

Power 

GND 

Ground 
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256K (256K x 1-BIT) 
CMOS STATIC RAM 
SIP MODULE 


IDT7MC156 


FEATURES: 

• High-density 256K (256K x 1) CMOS static RAM module 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• Available in low profile 28-pin ceramic SIP (single in-line 
package) for maximum space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 

- Dynamic: less than 600mW (typ.) 

- Full standby: less than 30mW (typ.) 

• Utilizes IDT7187S high-performance 64K static RAMs pro- 
duced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5 V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MC156 is a 256K (256K x 1-bit) high-speed static RAM 
module constructed on a co-fired ceramic substrate using four 
IDT7187 64K x 1 static RAMs in surface mount packages. 

The 7MC family of ceramic SIPs offers the optimum in packing 
density and profile height. The IDT7MC156 is offered in a 28-pin 
ceramic SIP (single in-line package). At only 350 mils high, this low 
profile package is ideal for systems with minimal board spacing. 
Surface mount SIP technology also yields very high packing den- 
sity, allowing greater than three IDT7MC156 modules to be 
stacked per inch of boajd.Space. 

The IDT7MC156 isavailabfe with maximum access times as fast 
as 25ns and maximum (Sower consumption of 1.8 watts. The mod- 
ule also offers afull standby mode of 440mW (max.). 

All inputs and outputs of the IDT7MC156 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring rib clocks or refreshing for operation, and provid- 
ing equal 'access times for ease of use. 




PIN CONFIGURATION 


TIONAL BLOCK DIAGRAM 


Vcc — 

1 

A4 * [_ 

2 

A-j 1 < 

3 

A5 1 - — ' cm 

4 

A13 1 LIL 

5 

WEo =d 

6 

CEo 1 ~ HZ 

7 

A2 1 d 

8 

Al2 1 — 

9 

Ag *■-- — ZZ 

10 

A10 cs ! 

11 

wEi ^ m 

12 

CEi »— ZZ 

13 

A° l — ZI 

14 M 16 (,) 

A7 1 — ZZ 

15 

Ag 1 — ■ 1 

10 

Ag t =CI 

17 < 

=JZI 

18 

WE2 » ! 

19 

DATA our ZZ 

20 

DATA ||sj * ^Z 

21 

A 3 1 — ■- 

22 

A^ 1 1 d 

23 

C& «=ZI 

24 

WE3 1 zz 

25 

GND =d 

26 

A14 i ^Z 

27 

Ats =c= 

28 



WE CE WE CE 


-v... 

■t 

% 


ADDRESS 


V- 


& 




64Kx 1 
RAM 


64K x 1 
RAM 


WE UE 


0 0 


64K x 1 
RAM 


WE CE 




64Kx 1 
RAM 


DATA,, 


DATAqut 


PIN NAMES 


SIP 

SIDE VIEW 


NOTE: 

1. For module dimensions, please refer to module drawing M16 in the packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


< 

1 

O 

< 

Address Lines 

Din 

Data Input 

Do ltt 

Data Output 

CS0-3 

Chip Enable 

WE 0-3 

Write Enable 

Vcc 

Power 

GND 

Ground 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1907 Integrated Device Technology, Inc. 
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CMOS STATIC RAM 
256K (64K x 4-BIT) 


PRELIMINARY 

IDT71258S 

IDT71258L 




FEATURES: 

• High-speed (equal access and cycle time) 

— Military: 35/45/55/70ns (max.) 

— Commercial: 25/35/45/55/ns (max.) 

• Low-power operation 

- IDT71258S 
Active: 400mW (typ.) 

Standby: 400pW (typ.) 

- IDT71258L 
Active: 350mW (typ.) 

Standby: IOOjjW (typ.) 

• Battery backup operation— 2V data retention (L version only) 

• Produced with advanced CEMOS ™ high-performance 
technology. 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Static operation: no clocks or refresh required 

• Available in high-density industry standard 24-pin, 300 mil DIP 
and 24-pin SOIC 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 

PIN CONFIGURATION 


DESCRIPTION: 

The IDT71258 is a 262,144-bit high-speed static RAM organized 
as 64K x 4. It is fabricated using IDT’s high-performance, high-reli- 
ability CEMOS technology. This state-of-the-art technology, com- 
bined with innovative circuit design techniques, provides a cost- 
effective alternative to bipolar and fast NMOS memories. 

Access times as fast as 25ns are available with typical power 
consumption of only 350mW. The IDT71258 offers a reduced 
power standby mode, Isbi , which enables the designer to greatly 
reduce device power requirements . This capability provides sig- 
nificant system level power and cooling savings. The low-power 
(L) version also offers a battery backup data retention capability 
where the circuit typically consumes only 100pW operation off a 
2V battery. 

All inputs and outputs of the IDT71258 are TTL-compatible and 
operation is from a single 5V supply, simplifying system designs. 
Fully static asynchronous circuitry is used, requiring no clocks or 
refreshing for operation, providing equal access and cycle times 
for ease of use. 

The IDT71258 is packaged in a 24-pin 300 mil DIP and a 24-pin 
SOIC providing high board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military tempe?ature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



v cc 

Al5 
A14 
Al3 

P A« 
All 
Aio 
l/0 4 
l/0 3 
l/0 2 
I/O, 
WE 


DIP/SOIC 
TOP VIEW 


PIN NAMES 


ADDRESSES- 


Ao - A 15 

Addresses 

I/O, - 1/0 4 

Data Input/Output 

C5 

Chip Select 

WE 

Write Enable 

GND 

Ground 

Vcc 

Power 


A 15 ' 






DECODER 


262,144-BIT 
MEMORY ARRAY 







I/O, 


I/O, 


I/O, 


l/0 4 




WE 


INPUT 

DATA 

CONTROL 


COLUMN I/O 








CEMOS is a trademark of Integrated Device Technology, Inc. 


v cc 

GND 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT71258S/IDT71258L CMOS 

STATIC RAM 256K (64K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


LOGIC SYMBOL 



RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

v cc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

ITT7TT1 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

birr 

DC Output Current 

50 

50 

mA 


NOTE: 


1, Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1. V |L = -3.0V for pulse width less than 20ns. 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT71258S 

MIN. MAX. 

IDT71258L 

MIN. MAX. 

UNIT 


Input Leakage Current 

Vcc = Max.. V| N = GND to V cc 

MIL. 

- 

10 

- 

5 

M-A 

COM'L. 

- 

5 

- 

2 

mu 

Output Leakage Current 

V cc = Max. 

MIL. 

- 

10 

- 

5 

)iA 

CS = V| H . V 0UT = GND to Vcc 

COM’L. 

- 

5 

- 

2 


Output Low Voltage 

Iql = 8mA, Vqq — Min. 


- 

0.4 

- 

0.4 

V 

V OL 

I cl = 10mA, V cc = Min. 


- 

0.5 

- 

0.5 

V 

V OH 

Output High Voltage 

Ioh = -4mA. V cc = Min. 

2.4 

- 

2.4 

- 

V 


\ 
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IDT71258S/IDT71258L CMOS 
STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS™ (V cc = sv ± 10 %, v LC = 0 . 2 v. v HC = v cc - 0 . 2 V) 


SYMBOL 

PARAMETER 

POWER 

FUNCTION 

IDT71258S25 

IDT71258L25 

COM’L. MIL. 

IDT71258S35™ 

IDT71258L35™ 

COM’L MIL 

IDT71258S45 

IDT71258L45 

COM’L MIL 

IDT71258S55 

1DT71258L55 

COM’L MIL 

IDT71258S70 

IDT71258L70 

COM’L MIL 

UNIT 


Operating Power 

s 

READ 

60 

50 

60 

50 

60 

50 

60 

- 

60 


m 

Supply Current 

CS = V 1L , 

Outputs Open, 


WRITE (2) 

110 

100 

110 

100 

110 

100 

110 

- 

110 

mA 

mm 

READ 

40 

30 

40 

30 

40 

30 

40 

- 

40 

1 

V cc = Max., f = 0 (3) 

mm 

WRITE (2) 

100 

90 

100 

90 

100 

90 

100 

- 

100 


mm 

Dynamic Operating 


READ 

160 

150 

160 

150 

160 

150 

160 

- 

160 


H 

Current 

CS = V IL , 

Outputs Open, 


WRITE (2) 

160 

150 

160 

150 

160 

150 

160 

- 

160 

mA 

■I 

READ 

140 

130 

140 

130 

140 

130 

140 

- 

140 

II 

Vcc = Max., f = f MAX (3) 

H 

WRITE (2) 

140 

130 

140 

130 

140 

130 

140 

- 

140 


1 

Standby Power 

Supply Current 
(TTL Level) 

s 

- 

35 

35 

35 

35 

35 

35 

35 

- 

35 

mA 

CS >V IH , 

V cc = Max., Outputs 

°P enf = W (3) 

L 

- 

20 

20 

20 

20 

20 

20 

20 

- 

20 

1 

Full Standby Power 
Supply Current 
(CMOS Level) 

CS > V HC , V C 0= Max., 
f = 0< 3 > 

S 

- 

30 

30 

35 

30 

35 

30 

35 

- 

35 

mA 

L 

- 

1.5 


B 


4.5 


4.5 

- 

4.5 


NOTES: 

1 . All values are maximum guaranteed values. 

2. Write cycle current specifications are included to aid in the design of extremely sensitive applications. It should be noted that in most systems the ratio of 
read cycles to write cycles is extremely high . When comparing these figures to those on other data sheets, we recommend that the read cycle data is used 
(especially where "Average" current consumption figures are specified). 

3. At f = f max address and data inputs are cycling at the maximum frequency of read cycles of /t RC . f = 0 means no input lines change. 

4. Preliminary data for military devices only. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS) 

CONDITIONS 

MAX. 

UNIT 

c... 

IN 


\/ = n\/ 

'IN 

1 i 

PF 

B55H 

Output Capacitance 

Vqut= 0V 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is but pro- 
duction tested. 


TRUTH TABLE (v LC = o.2V, v HC = v^- 0.2V) 


WE 

CS 

I/O 

MODE 

X 

H 

Hi-Z 

Standby (I S b) 

X 

O 

X 

> 

Hi-Z 

Standby (Isbi) 

H 

L 

d out 

Read 

L 

L 

°IN 

Write 


NOTE: 

1. H = V| H , L = V IL , X = DON'T CARE 
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IDT71258S/IDT71258L CMOS 

STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2 V, V HC = V^- 0.2V 







TYP.* 1 ) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


MIN. 

Vcc @ 

2.0V 3.0V 

Vcc @ 

2.0 V 3.0 V 

UNIT 

V DR 

V cc for Data Retention 

- 


2.0 

- 

- 

- 

- 

V 


Data Retention Current 


MIL. 

- 

50 

75 

2000 

3000 

pA 

'CCDR 

cs>v HC 

COM'L. 

- 

50 

75 

500 

750 

'cDR* 31 

Chip Deselect to Data Retention Time 


0 

- 

- 

- 

- 

ns 

t R 0) 

Operation Recovery Time 



*rc (2) 

- 

- 

- 

- 

ns 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V CC DATA retention waveform 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0 V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


! 


5V 


DATA out 


2550 


4800 
4= 30pF* 


Figure 1. Output Load 


5 V 


DATA our 


2550 5 


4800 

5pF* 


m 


Figure 2. Output Load 
(for toLZi *CLZi *OHZ> 
*whz. *cHZi towi 


Including scope and jig. 
































I DT7 1 258S/I DT7 1 258L CMOS 
STATIC RAM 256K (64K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS V cc = 5V ±10%, All Temperature Ranges 


SYMBOL 

PARAMETER 

IDT71258S25* 1 ’ 
IDT71258L25 (1> 
MIN. MAX. 

IDT71258S35 
IDT71258L35 
MIN. MAX. 

IDT71258S45 
IDT71258L45 
MIN. MAX. 

IDT71258S55 
IDT71258L55 
MIN. MAX. 

IDT71258S70* 2 ’ 
IDT71258L70 <2) 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 

55 

- 

70 

- 

ns 

l AA 

Address Access Time 

- 

25 

- 

35 

- 

45 


55 

- 

70 

ns 

l ACS 

Chip Select Access Time 

- 

30 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

l CLZ 

Chip Select to Output in Low Z (3) 

5 

- 

5 

- 

5 


5 

- 

5 

- 

ns 

tpu 

Chip Select to Power Up Time* 3 ’ 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpD 


- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

N 

I 

O 

Chip Deselect to Output in High Z (3) 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed, but not tested. 
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IDT71258S/IDT71258L CMOS 
STATIC RAM 256K (64K X 4-BIT) 
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IDT71258S/IDT71258L CMOS 
STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS v cc = 5V ±10%. All Temperature Ranges 


SYMBOL 

PARAMETER 

IDT71258S25 <’> 
IDT71258L25 (1) 
MIN. MAX. 

IDT71258S35 
IDT71258L35 
MIN. MAX. 

IDT71258S45 
IDT71258L45 
MIN. MAX. 

IDT71258S55 
IDT71258L55 
MIN. MAX. 

IDT71258S70< 2 > 
IDT71258L70 (2) 
MIN. MAX. 

UNIT 

WRITE CYCLE 

twc 

Write Cycle Time 

20 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

*cw 

Chip Select to End of Write 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

Us 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WP 

Write Pulse Width 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

twHZ 

Write Enable to Output in High Z (3 > 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

l DW 

Data Valid to End of Write 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

ns 

l DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tow 

Output Active from End of Write (3) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed, but not tested. 
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IDT71258S/IDT71258L CMOS 
STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING)' * ’ ' 




TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING)' 







■< 

r* Us ■ 



NOTES: 

1 . WE or C5 must be high during all address transitions. 

2. A write occurs during the overlap (tew or twF) of a low CS and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). 
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I DT71 258S/I DT71 258L CMOS 
STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDT 



Blank Commercial (0°C to + 70°C) 

B Military (-55°C to + 125°C) 

Compliant with MIL-STD-883, Class B 

C Sidebraze DIP 

SO Small Outline 1C 


25 Commercial Only ' 

35 

45 Speed in Nanoseconds 

55 

70 Military Only 

L Low Power 

S Standard Power 


71 258 256 K (64K x 4-Bit) Static RAM 




FEATURES: 

• Fast Output Enable (OE) pin available for added system 
flexibility 

• High speed (equal access and cycle times) 

- Military: 35/45/55/70ns (max.) 

- Commercial: 25/35/45/55ns (max.) 

• Low power consumption 

- IDT61298S 

Active: 400mW (typ.) 

Standby: 400pw (typ.) 

- IDT61298L 

Active: 350mW (typ.) 

Standby: lOOpw (typ.) 

• Battery back-up operation— 2V data retention (L version only) 

• JED EC standard pinout 

• 28-pin sidebraze DIP 

• Produced with advanced CEMOS ™ technology 

• Bidirectional data inputs and outputs 

• Inputs/Outputs TTL-compatible 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT61298 is a 262,144-bit high-speed static RAM organized 
as 64K x 4. It is fabricated using IDT’s high-performance, high-reli- 
ability technology— CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost effective approach for memory intensive applications. 

The IDT61298 features two memory control functions: Chip 
Select (CS) and Output Enable (OE). These two functions greatly 
enhance the IDT61298’s overall flexibility in high-speed memory 
applications. 

Access times as fast as 25ns are available with typical power 
consumption of only 350mW. The IDT61298 offers a reduced 
power standby mode, Isbi, which enables the designer to consider- 
ably reduce device power requirements. This capability signifi- 
cantly decreases system power and cooling levels, while greatly 
enhancing system reliability. The low-power (L) version also offers 
a battery backup data retention capability where the circuit typi- 
cally consumes only 100pW when operating from a 2 V battery. 

All inputs and outputs are TTL-compatible and the device oper- 
ates from a single 5 volt supply. Fully static asynchronous circuitry, 
along with matching access and cycle times, favor the simplified 
system design approach. 

The IDT61298 is packaged in a 28-pin sidebraze THINDIP pro- 
viding improved board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology. Inc. 


DECEMBER 1987 
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IDT61293S/IDT61290L CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


NCC 

1 

28 

□ 

o< 

o 

Ao'C 

2 

27 

□ 

Ais 

Ai C 

3 

26 

□ 

Al4 

a 2 C 

4 

25 

□ 

Ai3 

a 3 c 

5 

24 

□ 

Al2 

a 4 c 

8 

23 

□ 

a ii 

As C 

7 

22 

□ 

Aio 

A6 C 

8 

C28 ~ 1 21 

□ 

NC 

a 7 C 

9 

20 

□ 

NC 

A e C 

10 

19 

□ 

l/0 4 

Ag C 

11 

18 

□ 

I/OS} 

CSC 

12 

17 

□ 

I/O fe 

C5EC 

13 

16 

□ 

I/O, 

GNDfl 

14 

15 

□ 

WE 


DIP 

TOP VIEW 


PIN NAMES 


A 0 -A ,5 Address Inputs 

l/Oi- 4 Data Input/Output 

Chip Select 

\fcc Power 

WE Write Enable 

GND Ground 

OE Output Enable 



LOGIC SYMBOL 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT61298S/IDT61298LCMOS STATIC RAM 256K (64K x 4-BIT) 


ABSOLUTE MAXIMUM RATINGS <1J 



RATING 

COMMERCIAL 

MILITARY 

IWO 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 


Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^cc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V.H 

Input High Voltage 

2.2 

- 

6.0 

V 

V IL 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55° C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT61298S 

MIN. TYP.' 1 ' MAX. 

IDT61298L 

MIN. TYP. (1) MAX. 

UNIT 


Input Leakage Current 

Vqq — Max., V|N — GND to Vqq 

MIL. 

COM’L. 

- - 10 

- - 5 

5 

- - 2 

p.A 

m 

Output Leakage Current 

\fc c = Max. 

CS = V| H , V 0UT — GND to V cc 

MIL. 

COM’L 

- - 10 

5 

- - 5 

- - 2 

fiA 

V 0L 

Output Low Voltage 

Iol= 10mA, Vcc = Min. 

0.5 

0.5 

V 

Iol = 8mA, Vcq = Min. 

0.4 

0.4 

V 


Output High Voltage 

Iol = -4mA, Vqq = Min. 

2.4 

2.4 

V 


NOTE: 

1. Typical limits are at v cc = 5.0V, +25°C ambient. 
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I DT61 298S/IDT61 298L CMOS STATIC RAM 256K (64Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (1) = s.ov ±10%. v LC = o.2v, v HC = Vcc -o.2V 


SYMBOL 

PARAMETER 

POWER 

FUNCTION 

IDT61298S25 

IDT61298L25 

Hi 

IDT61298S45 

IDT61298L45 

IDT61298S55 

IDT61298L55 

IDT61298S70 

IDT61298L70 

UNIT 





COM’L MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 



Operating Power 

s 

READ 

60 

EB 


50 

60 

50 

60 

- 

60 


bci 

Supply Current 

CS = V| L , 

Outputs Open, 


WRITE ( 4 > 

110 

IQI 

Hy3| 

100 

110 

100 

110 

- 

110 

mA 

mm 

READ 

40 


40 

30 

40 

30 

40 

- 

40 


V cc = Max., f = 0< 3) 

H 

WRITE (4) 

100 

» 190 •• 

100 

90 

100 

90 

100 

- 

100 


mm 

Dynamic Operating 


READ 

160 - • 

•150 

160 

150 

160 

150 

160 

- 

160 


B 

Current 

CS = V| L , 

Outputs Open, 


WRITE (4) 

160 - “ 

150 

160 

150 

160 

150 

160 

- 

160 

mA 

n 

READ 

140 -is 

;:i3o 

140 

130 

140 

130 

140 

- 

140 

mm 

Vcc = Max., f = 1 max (3> 

WRITE (4) 

140 - 

pi 30 

140 

130 

140 

130 

140 

- 

140 


•sB 

Standby Power 

Supply Current 
(TTL Level) 

s 


35 

35 

35 

35 

35 

35 

35 

- 

35 

mA 

cs>v,H 

V cc = Max., f = f MA x (3 > 
Outputs Open. 

■ 


20 | ' 

20 

20 

20 

20 

20 

20 

- 

20 

IsBI 

Full Standby Power 
Supply Current 
(CMOS Level) 

CS^Hhc 

V cc = Max., f = 0< 3 > 

s 


30 

30 

35 

30 

35 

30 

35 

- 

35 

mA 

L 


1.5 




4.5 


4.5 

- 

4.5 


NOTES: 

1. All values are maximum guaranteed values. 

2. Preliminary data for military devices only. 

3. At f = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC - f = 0 means no input lines change. 

4. Write cycle current specifications are included to aid in the design of extremely sensitive applications. It should be noted that in most systems the ratio of 
read cycles to write cycles is extremely high. When calculating total current consumption, the designer should weight these figures by the percentage of 
“On" time as well as the anticipated ratio of read to write cycles (usually greater than 90%). 
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I DT61 298S/IDT61 298L CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(LVersion Only) V HC = V CC -0.2V 







TYP.W 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0 V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

V 

( CCDR 

Data Retention Current 


MIL. 

COM’L. 

■ 

HU 

2000 3000 

500 750 

jlA 

*CDR (3) 

Chip Deselect to Data Retention Time 

cs>v HC 


0 

- 

- 

ns 

V 3 > 

Operation Recovery Time 



*rc* 2> 

- 

- 

ns 

ll u l (3) 

Input Leakage Current 



- 

- 

2 

M-A 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


Vcc 


C5 


DATA RETENTION MODE 


l CDR 

^ 

4.5V 

^ V DR >2 V 

V DR 

C 

4.5V 

<-t R -*- 


UZZZD 

L \ 

V|H 


t -3 

V,H 

V\\\w 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA 



480Q 

30pF* 


rh 


DATAqut — 
2550 



Figure 1. Output Load 


Including scope and jig. 


Figure 2. Output Load 
(for t CL2 .t 0 LZ i l CHZ i foHZ> 
t ow and *whz) 




































IDT61298S/IDT61298L CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vco = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

61298S25W 
61298L25 (1) 
MIN. MAX. 

61298S35W 
61298L35W 
MIN. MAX. 

61298S45 
61298L45 
MIN. MAX. 

61298S55 
61298L55 
MIN. MAX. 

61298S70< 2 > 
61298L70< 2 > 
MIN. MAX. 

UNIT 

READ CYCLE 

1 

*RC 

Read Cycle Time 

25 

-■ 



45 

- 

55 

- 

70 

- 

ns 

l AA 

Address Access Time 

- 

25 

35 

- 

45 

- 

55 

- 

70 

ns 

l ACS 

Chip Select Access Time 

- 

30 

35 

- 

45 


55 

- 

70 


t C LZ< 3 > 

Chip Select to Output in Low Z 

5 

- 

::>5" 

- 

5 

- 

5 

- 

5 

- 

ns 

*0E 

Output Enable to Output Valid 

- 

15 


25 

- 

30 

- 

35 

- 

45 

ns 

*OLZ 

Output Enable to Output In Low Z 

5 


% 5 

- 

5 

- 

5 

- 

5 

- 

ns 

l CHZ (3 > 

Chip Select to Output in High Z 

- 

ICI 

¥ - 

15 

- 

20 

- 

25 

- 

30 

ns 

'oHZ < 3 > 

Output Disable to Output in High Z 

- 

- 

15 

- 

15 

- 

20 

- 

25 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 3 > 

Chip Select to Power Up Time 


mm 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD ( 3 ) 

Chip Deselect to Power Down Time 

■ 


- 

35 

- 

45 

- 

55 

- 

70 

ns 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55° C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 

4. Preliminary data for military devices only. 
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1DT61298S/IDT61298L CMOS STATIC RAM 256K (64K x 4-BIT) 




MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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1DT61298S/IDT61298L CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

61298S25< 1 > 
61298L25< 1 > 
MIN. MAX. 

61298S35W 
61298L35< 4 > 
MIN. MAX. 

61298S45 
61298L45 
MIN. MAX. 

61298S55 
61298L55 
MIN. MAX. 

61298S70< 2 > 
61298L70< 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 




Write Cycle Time 

20 

- 

Jo* 

- 

40 

- 

50 

- 

60 

- 

ns 

*cw 

Chip Select to End of Write 

20 

- 

4!§o 

- 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

20 

- 

: : ;30 

- 

40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- «; 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

■SSKI 

Write Pulse Width 

20 


*' 30 

- 

40 

- 

50 

- 

60 

- 

ns 

*WR 

Write Recovery Time 

0 ~: ; i: 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

t W HZ < 3 > 

Write Enable to Output in High Z 

- 

Jlflf 

- 

15 

- 

20 

- 

25 

30 

ns 

*DW 

Data Valid to End of Write 

15 

1 

20 

- 

25 

- 

30 

- 

35 

- 

ns 

l DH 

Data Hold Time 

0 

• . |ss' 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*OW (3) 

Output Active from End of Write 

5 * 

1 *:- 

5 

- 

5 

- 

5 


5 


ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 

4. Preliminary data for military devices only. 
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IDT61298S/IDT61298L CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) (1,2,3,7) 



ADDRESS 


CS 


WE 

DATA IN 



NOTES: 

1 . WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (tew or twp ) of a low CS and a low WE. 

3. twR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the C5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state with a 5pF load (including scope and jig). 

7. If OE is low during a WE controlled write cycle, the write pulse width must be the larger of t WP or (Vv H z + *dw) t0 allow the I/O drivers to turn off and data to be 
placed on the bus for the required t ow . If CE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as 
short as the specified t W p • 




IDT61298S/IDT61298L CMOS STATIC RAM 256K(64Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 




I/O 

POWER 

Standby 

H 

X 

X 

High Z 

Standby 

Read 

L 

H 

L 

d out 

Active 

Write 

L 

L 

mm 

D,n 

Active 

Read 

L 

H 

H 

High Z 

Active 


CAPACITANCE (t a = + 25 °c,f » i.omhz) 


| symbol| 

PARAMETERS) 

CONDITIONS | 

MAX. 

UNIT 

iqui 

Input Capacitance 

JSC 

z 

II 

5 

11 

pF 

Dout 

Output Capacitance 

'/out = OV 

11 

pF 


NOTE: 

1 . This parameter is determined by device characterization but is not 
production tested. 


ORDERING INFORMATION 


61298 

A 

999 

A 

A 

Device Type 

Power 

1 

Speed 

Package 

Process/ 

Temperature 

Range 



Commercial (0°Cto +70°C) 

Military (-55°Cto + 125°C) 

Compliant with MIL-STD-883, Class B 


C 

Sidebraze DIP 

25 

Commercial only 

35 

45 


55 


70 

Military Only 

S 

Standard Power 

L 

Low Power 

61298 

64 K x 4-Bit 


Speed in Nanoseconds 


































CMOS STATIC RAMS 
256K (64K x 4-BIT) 

Separate Data Inputs and Outputs 


PRELIMINARY 

IDT71281S/L 

IDT71282S/L 


FEATURES: 


DESCRIPTION: 


• Separate data inputs and outputs 

• IDT71281S/L- outputs track inputs during write mode 

• 1DT71282S/L: high impedance outputs during write mode 

• High speed (equal access and cycle time) 

— Military: 35/45/55/70ns (max.) 

— Commercial: 25/35/45/55ns (max.) 

• Low power consumption 

- IDT71281/2S 
Active: 400mW (typ.) 

Standby: 400pw (typ.) 

- IDT71281/2L 
Active: 350mW (typ.) 

Standby: lOOpw (typ.) 

• Battery backup operation— 2V data retention (L version only) 

• High-density 28-pin DIP 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Single 5V (±10%) power supply 

• inputs and outputs directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B 


The IDT71281/IDT71282 are 262,144-bit high-speed static 
RAMs organized as 64K x 4. They are fabricated using IDT’s high- 
performance, high-reliability technology— CEMOS. This state-of- 
the-art technology, combined with innovative circuit design 
techniques, provides a cost effective alternative to bipolar and fast 
NMOS memories. 

Access times as fast as 25ns are available with typical power 
consumption of only 350mW. These circuits also offer a reduced 
power standby mode (Isb). When CS goes high, the circuit will 
automatically go to, and remain in, this standby mode. The ultra- 
low-power standby mode capability provides significant system- 
level power and cooling savings. The low-power (L) versions also 
offer a battery backup data retention capability where the circuit 
typically consumes only 100pW operating off a 2V battery. 

All inputs and outputs of the IDT71281/IDT71282 are TTL-com- 
patible and operate from a single 5 V supply, thus simplifying sys- 
tem designs. Fully static asynchronous circuitry is used, which 
requires no clocks or refreshing for operation, and provides equal 
access and cycle times for ease of use. 

The IDT71281/IDT71282 are packaged in 28-pin sidebraze 
DIPs, providing high board-level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



FUNCTIONAL BLOCK DIAGRAM 


CS 


WE 



i i 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology. Inc. 
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IDT71281/IDT71282 CMOS STATIC RAMS 256K (64K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


A 0 

Ai 

A 2 

a 3 

a 4 

a 5 

A 6 

A 7 

A 8 

A 9 

D, 

D 2 

CS 

GND 



DIP 

TOP VIEW 


v cc 

A 15 

A 14 

A 13 

A 12 

A 11 

A 10 

D 4 

d 3 

y 4 

y 3 

y 2 

Yi 

W E 


PIN NAMES 


A 0~ A 15 

Address Inputs 

Di -D 4 

DATA | N 

53 

Chip Select 

y,-y 4 

DATA out 

WE 

Write Enable 

GND 

Ground 

Vcp 

Power 



LOGIC SYMBOL 

Dj D 2 D 3 D 4 



ABSOLUTE MAXIMUM RATINGS (1) 


ifflM 

RATING 

COMMERCIAL 

MILITARY 

ft!M3 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

■ 

m 

Operating 

Temperature 

0 to +70 

-55 to +125 

■ 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

ISTG 


-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

■out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

| MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V|L 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1. V, L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to +125°C 

OV 

5.0V ± io% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT71281/IDT71282 CMOS STATIC RAM 256K (64K X 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (for all speeds) 


V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT71281/2S 

MIN. TYP.W MAX. 

IDT71281/2L 

MIN. TYP.W MAX. 

UNIT 


Input Leakage Current 

Vqc — Max., V|N — GND to Vcc 

MIL. 

COM’L. 

10 

- 5 

5 

2 

pA 


Output Leakage Current 

Vfcc = Max. 

CS = V|n, Vqut = GND to Vcc 

MIL. 

COM'L. 

10 

- - 5 

5 

- 2 

pA 


Output Low Voltage 

I 0 l = 10mA, Vcc = Min. 

0.5 

0.5 

V 

I 0 l = 8mA, Vcc = Min. 

0.4 

0.4 

V 

Von 

Output High Voltage 

Ioh= -4mA, V cc = Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at Vcc = 5.0V, + 25°C ambient. 


DC ELECTRICAL CHARACTERISTICS' 1 ’ 

V cc = 5.0V ±10%. V[_c = 0 2V. V HC ■ Vcc -0.2V 






71281/2S25 

71281/2S35< 2 > 

71281/2S45 

71281/2S55 

71281/2S70 


SYMBOL 

PARAMETER 

POWER 

FUNCTION 

71281/2 L25 

71281/2 L35® 

71281/2L45 

71281/2L55 

71281/2L70 

UNIT 





COM’L MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 


pa 

Operating Power 

s 

READ 

60 

50 

60 

50 

60 

50 

60 

- 

60 


fl 

Supply Current 

CS = V IL , 

Outputs Open. 


WRITE < 4 > 

130 

120 v 

130 

120 

130 

120 

130 

- 

130 

mA 

mm 

READ 

40 


|Q| 

30 

40 

30 

40 

- 

40 

1 

V cc = Max., f = 0® 

■■ 

WRITE (4) 

120 

UEB 

m 

110 

120 

110 

120 

- 

120 


■ 

Dynamic Operating 


READ 

160 

iso 

160 

150 

160 

150 

160 

- 

160 


B 

Current 

CS - v lu> 

Outputs Open, 


WRITE < 4 > 

170 

160 

170 

160 

170 

160 

170 

- 

170 

mA 

■ 

READ 

140 

130 

140 

130 

140 

130 

140 

- 

140 

1 

Vcc = Max., f = f^Ax* 21 

WRITE < 4 ) 

150 

140 

150 

140 

150 

140 

150 

- 

150 


■ 

Standby Power 

Supply Current 
(TTL Level). 

s 


35 - * 

35 

35 

35 

35 

35 

35 

- 

35 

mA 

CS ^ Mh * Vcc = Max., 
Outputs Open, 
f = f M AX< 2 > 

B 


20 - 

20 

20 

20 

20 

20 

20 

- 

20 

1 


^SBI 

Full Standby Power 
Supply Current 
(CMOS Level). 

s 


30 

30 

35 

30 

35 

30 

35 

- 

35 

mA 





H M E 








CS — V HC . V C c = Max., 
f = 0< 2 > 

■ 


1.5 


m 


4.5 


4.5 

- 

4.5 



NOTES: 

1. All values are maximum guaranteed values. 

2. Preliminary data for military devices only. 

3. At f = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 

4. Write cycle current specifications are included to aid in the design of extremely sensitve applications. It should be noted that, in most systems, the ratio of 
read cycles to write cycles is extremely high. When calculating total current consumption, the designer should weight these figures by the percentage of 
“On” time as well as the anticipated ratio of read to write cycles (usually greater than 90%). 
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IDT71281/IDT71282 CMOS STATIC RAMS 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(LVersion Only) V LC = 0.2V, V HC = Vqc - 0 2V 







TYP.W 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

Vcc for Date Retention 

- 


- 

- 

V 

'CCDR 

Date Retention Current 


MIL. 

COM’L. 

■ 

WB 

2000 3000 

500 750 

jlA 

l CDR (3) 

Chip Deselect to Date Retention Time 

CS>V H0 


0 

- 

- 

ns 

t R 0) 

Operation Recovery Time 


f R c ,2) 

- 

- 

ns 

H U I (3) 

Input Leakage Current 



- 

- 

2 

ma 


NOTES: 

1. T a = + 25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


4.5V 


l CDR 


- T 77777? C Z~ K 


DATA RETENTION MODE 


% 


V DR > 2V 


A 


4.5V 

t D 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAqut ■ 


2550 


4800 
y 30pF* 


DATA out — 
2550 



Figure 1. Output Load 


Figure 2. Output Load 
(for t CLZ ,t CH z>fow an£ f *whz) 


* Including scope and jig. 
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IDT71281/IDT71282 CMOS STATIC RAM 256K (64Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71281/2S25* 1 ) 
71281/2L25 (1> 
MIN. MAX. 

71281/2S35* 5 * 
71 281/2 L35 <5> 
MIN. MAX. 

71281/2S45 
71281/2L45 
MIN. MAX. 

71281/2S55 
71281/2 L55 
MIN. MAX. 

71281/2S70 < 2 > 
71281/2L70 (2> 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 

55 

- 

70 

- 

ns 

l AA 

Address Access Time 

- 

25 


35 

- 

45 

- 

55 

- 

70 

ns 

*ACS 

Chip Select Access Time< 3 > 

- 

30 

v - 

35 

- 

45 

- 

55 

70 

ns 

l CLZ 

Chip Select to Output in Low 2 (4) 

5 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

tcHZ 

Chip Select to Output in High Z* 4) 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

toH 

Output Hold from Address Change 

5 


5 

- 

5 

- 

5 


5 

- 

ns 

tpu 

Chip Select to Power Up Time< 4 > 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpD 

Chip Deselect to Power Down Time* 41 

- 

25 

- 

35 

- 

45 

- 

55 

- 

70 

ns 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. Both chip selects must be active low for the device to be selected. 

4. This parameter guaranteed but not tested. 

5. Preliminary data for military devices only. 















































































IDT71281/IDT71282 CMOS STATIC RAMS 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT71281/IDT71282 CMOS STATIC RAM 256K (64K x 4-BIT) 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

71281/2S25 (1 > 
71281/2L25 <*> 
MIN. MAX. 

7128 i^sasw 
71281/2L35< 7 > 
MIN. MAX. 

71281/2S45 
71281/2L45 
MIN. MAX. 

71281/2S55 
71281/2L55 
MIN. MAX. 

71281/2S70 <2 > 
71281/2L70< 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

20 

- 

30 


40 

- 

50 

- 

60 

- 

ns 

tew 

Chip Select to End of Write <3) 

20 

- 

30 - 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

Us 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

twp 

Write Pulse Width 

20 

- 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write Enable to Output in High Z < 4 ' 6) 

- 

13 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*DW 

Data Valid to End of Write 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

ns 

*DH 

Data Hold Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

ns 

low 

Output Active from End of Write (4, 6) 

5 ■ 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

t|Y 

Data Valid to Output Valid* 4 ' 5 > 


20 

- 

30 

- 

35 

40 

- 

45 

ns 

W 

Write Enable to Output Valid (4> 5) 

- 

20 

- 

30 

- 

35 

- 

40 

- 

45 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55 °C to + 125°C temperature range only. 

3. Both chip selects must be active low for the device to be selected. 

4. This parameter guaranteed but not tested. 

5. For IDT71 281 S/L only. 

6. For IDT71282S/L only. 

7. Preliminary data for military devices only. 








































































































I DT71 281 /IDT71 282 CMOS STATIC RAMS 256K (64Kx 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) 0,2,3 * 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) 0,2,3,4 * 


ADDRESS 


£5 


WE 


DATA, n 



NOTES: 

1. WE or £5 must be high during ail address transitions. 

2. A write occurs during the overlap (t cw or t WP ) of a low £5. and a low WE. 

3. t WR is measured from the earlier of ££ or WE going high to the end of the write cycle. 

4. If the £5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state (IDT71282 only). 

5. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). 

6. IDT71282 only. 

7. IDT71281 only. 
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IDT71281/JDT71282 CMOS STATIC RAM 256K (64K x 4-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

CS 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

High 2 

Standby 

Read 

L 

H 

Dout 

Active 

Write (D 

L 

L 

D,n 

Active 

Write (2) 

L 

L 

High Z 

Active 


NOTES: 

1. For IDT71281 only. 

2. For IDT71 282 only. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER^ 

CONDITIONS 

MAX. 

UNIT 


Input Capacitance 

mmmFmm 

11 

PF 

C 0 irr 

Output Capacitance 

Mdut= 0V 

11 

PF 


NOTE: 

1. This parameter is determined by device characterization but is not 
production tested. 


ORDERING INFORMATION 


IDT 


xxxxx 

Device Type 


A 999 

Power Speed 


A A 

Package Process/ 

| Temperature 

Range 


Blank 

B 


Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 


■] C Sidebraze DIP 


25 

35 

45 

55 

70 


Commercial Only 


Speed in Nanoseconds 


Military Only 


I S Standard Power 

I L Low Power 


I 71281 256K(64Kx 4-Bit) 

I 71282 256K (64K x 4-Bit) High Impedance Outputs 

































256K (64K x 4-BIT) 
CMOS STATIC RAM 
PLASTIC SIP MODULE 


IDT7MP456 


FEATURES: 

• High-density 256K (64K x 4) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 28-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 

— Dynamic: less than 1.2W (typ.) 

— Full standby: less than 30 mW(typ.) 

• Utilizes IDT7187 high-performance 64K static RAMs produced 
with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5 V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MP456 is a 256K (64K x 4-bit) high-speed static RAM 
module constructed on an epoxy laminate surface using four 
IDT7187 64K x 1 static RAMs in plastic surface mount packages. 
Extremely fast speeds can be achieved with this technique due to 
the use of 64K static RAMs fabricated in IDT’s high-performance, 
high-reliability CEMOS technology . 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP456 is offered in a 28-pin SIP. The IDT7MP456 can be 
mounted on 200 mil centers, yielding 1 .25 megabits of memory in 
less than 3 square inches of board space. 

The IDT7MP456 is available with maximum access times as fast 
as 25ns, with maximum power consumption of 3.3 watts. The mod- 
ule also offers a full standby mode of 440mW(max.). 

All inputs and outputs of the IDTMP456 are TTL-compatible and 
operate from a single 5V supply. Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation and providing 
equal access and cycle times for ease of use. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


V 0C=C - 

1 

A4 r— - [ 

2 

Al r \ 

3 

A7 ! . ~ . 

4 

DATAouto 1 [ 

5 

data, no ■ ZZ. 

6 

A5 1 L-I 

7 

Ag *' ■ ■ ■ 

8 

f 

CM 

<" 

9 

Ag 11,1 I 

10 

A10 1 ■■■HZ 

11 

dATAouti 1 ~ 1 

12 

DATA| N1 1 — ! 

13 

Aoc=^ 

14 Mill’) 

Al 3 I — 

15 J 

Ag 1 1 ! 

18 4 $ 

Aq » ■ 11 i 

17 

datAq(jt 2 < d 

18 

DATA, N2 1 -- i — 

19 

WE «=CI 

20 

L— 

21 

A3 L "~* > 

22 

A-j ==d 

23 

DATA 0 UT 3 1 - i 

24 

DATA| N3 1 — CZ 

25 

GND =d 

20 

A^4 'tZH 

27 

A15=i= 

28 


€ ^ ' 
4 # 




%Apf 


DATA INPUT 


4 


ADDRESS 

CE 
WE 


16, 


*2 


3 


64K x 4 CMOS 
STATIC RAM 




'T 4 


DATA OUTPUT 


PIN NAMES 


SIP 

SIDE VIEW 

NOTE: 

1 . For module dimensions, please refer to module drawing Mil in the packaging section. 
CEMOS is a trademark of Integrated Device Technology, Inc. 


A 0 -A 15 

Address Inputs 

CE 

Chip Enable 

WE 

Write Enable 

°IN0 - D IN3 

Data Input 

Dout 0 - D 0 UT 3 

Data Output 

Vcc 

Power 

GND 

Ground 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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CMOS STATIC RAM 
256K (32 K x 8-BIT) 


PRELIMINARY 

IDT71256S 

IDT71256L 


FEATURES: 

• High-speed address/chip select time 

— Military: 45/55/70/85ns (max.) 

— Commercial: 35/45/55/70ns (max.) 

• Low-power operation 

- IDT71256S 
Active: 300mW (typ.) 

Standby: 200/iW (typ.) 

- IDT71256L 
Active: 250mW (typ.) 

Standby: 15p.W (typ.) 

• Battery Backup operation— 2V data retention 

• Produced with advanced high-performance CEMOS ™ 
technology 

• Single 5V(±10%) power supply 

• Input and output directly TTL-compatible 

• Static operation: no clocks or refresh required 

• Available in standard 28-pin CERDIP and plastic DIP (600 mil), 
28-pin SOIC and 32-pin LCC and PLCC 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-88552 is pending listing on 
this function. Refer to Section 2/pa'ge 2-4. 


DESCRIPTION: 

The IDT71256 is a 262,144-bit high-speed static RAM organ- 
ized as 32K x 8. It is fabricated using IDT’s high-performance, high- 
reliability CEMOS technology. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost-effective alternative to bipolar and fast NMOS memories. 

Address access times as fast as 35ns are available with power 
consumption of only 300mW (typ.). The circuit also offers a re- 
duced power standby mode. When CS goes high, the circuit will 
automatically go to, and remain in, a low-power standby mode as 
long as CS remains high. In the full standby mode, the low-power 
device consumes less than 15|iW, typically. This capability pro- 
vides significant system level power and cooling savings. The low- 
power (L) version also offers a battery backup data retention 
capability where the circuit typically consumes only 5jxW when 
operating off a 2V battery. 

All inputs and outputs of the IDT71256 are TTL-compatible and 
operation is from a single 5V supply, simplifying system designs. 
Fully static asynchronous circuitry is used, requiring no clocks or 
refreshing for operation, providing equal access and cycle times 
for ease of use. 

The IDT71256 is packaged in a 28-pin SOIC, a 28-pin 600 mil 
CERDIP or plastic DIP and 32-pin leadless chip carrier and PLCC, 
providing high board-level packing densities. 

The IDT71256 military RAM is manufactured in compliance with 
the latest revision of MIL-STD-883, Class B, making it ideally suited 
to military temperature applications demanding the highest level of 
performance and reliability. 



FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMER CIAL TEMPERATURE RANGES ~ DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K X 8-BIT) 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


PIN CONFIGURATIONS 


Am c 1 
A 12 Cs 
A 7 C = 

A 6 c s 
A 4 C e 
A 3 C 7 
A 2 C e 
A, C e 
A o C i 
I/O, II i 
l/0 2 1= 1 
l/0 3 C 1 
GND C 1 




P28-1, 

D28-1 

& 

S028-3 


28 □ VcC 

27 IIWE 

28 ua 13 

25 □ A 8 
24 m Ag 
23 □ A,, 

22 DOE 
21 □ A 10 
20 □ C 5 

19 □ I/O 8 
18 □ I/O 7 

17 □ I/O 6 
16 □ I/O5 
15 □ l/ 0 4 


DIP/SOIC 
TOP VIEW 



A 8 

a 9 

An 
NC 
01 
A10 
05 
I/O, 
I/O 7 


LCC/PLCC 
TOP VIEW 


LOGIC SYMBOL 


— 

A 0 


— 

A i 

I/O, 

— 

A 2 

i/o 2 

— 

A 3 

l/0 3 

— 

a 4 

i/ 0 4 

— 

A s 

l/0 5 

— 

A 6 

l/O e 

— 

a 7 

l/0 7 

— 

A 8 

l/0 8 

— 

A 8 


— 

A 10 


— 

A n 


— 

A ,2 


— 

A 13 



A 14 



C5 WE 

0 E 


m 


ABSOLUTE MAXIMUM RATINGS 


iBSSUB 

RATING 

COMMERCIAL 

MILITARY 

KUMI 

HJI 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

a 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

P T 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


PIN NAMES 


< 

1 

O 

< 

Addresses 

l/Oi - l/Oe 

Data Input/Output 

C5 

Chip Select 

WE 

Write Enable 

OE 

Output Enable 

GND 

Ground 

Vcc 

Power 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55° C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V cc 

Supply Voltage 

■a 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V, L 

Input Low Voltage 

- 0 . 50 ) 

- 

0.8 

V 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 



























































IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS Vcc= 5.ov±io%, v LC = o.2V, v HC = Vcc-o. 2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT71256S 

MAX. 

IDT71256L 

MIN. 

MAX. 

UNIT 

I'ul 

Input Leakage Current 

Vcc = Max-1 V| N = GND to Vcc 

MIL 

- 

10 

- 

5 

M-A 

COWL. 

- 

5 

- 

2 

jlA 

I'loI 

Output Leakage Current 


MIL 

- 

10 

- 

5 

ra 

■SB 

COM'L. 

- 

5 

- 

2 

IxA 


Output Low Voltage 

l ou = 8mA, \fcc = Min. 

- 

0.4 

- 

0.4 

V 

V OL 

Iql = 10mA, Vcc = Min. 

- 

0.5 

- 

0.5 

V 

V OH 

Output High Voltage 

I 0H = -4mA, Vfcc = Min. 

2.4 

- 

2.4 

- 

V 


DC ELECTRICAL CHARACTERISTICS 0, 3) v cc = 5V±io%, v LC = o.2V, v HC = Vcc -o.2V 


SYMBOL 

PARAMETER 

POWER 

FUNCTION 

IDT7 1256x35 

COM'L MIL 

IDT71 256x45 

COM'L MIL 

IDT71256X55 

COM’L MIL 

IDT71256x70 

COM’L MIL 

IDT71 256x85 

COM’L MIL 

UNIT 


Operating Power 

s 

READ 

30 

30 

40 

30 

40 

30 

40 

- 

40 


g 

Supply Current 

CS = V| L , 

Outputs Open, 


WRITE (2) 

90 

90 

100 

90 

100 

90 

100 

- 

100 

mA 

mm 

READ 

15 

15 

20 

15 

20 

15 

20 

- 

20 

IB 

Vcc = Max., f = 0 

Wm 

WRITE (2) 

80 

80 

90 

80 

90 

80 

90 

- 

90 


mm 

Dynamic Operating 


READ 

155 

140 

150 

140 

150 

140 

150 

- 

150 


B 

Current 

C5 = V IL . 

Outputs Open, 


WRITE (2) 

150 

140 

150 

140 

150 

140 

150 

- 

150 

mA 

■ 

READ 

135 

110 

120 

90 

100 

75 

85 

- 

70 

mm 

Vcc= Max., f = f MAX «) 

WRITE (2) 

130 

115 

125 

105 

115 

95 

105 

90 


1 

Standby Power 

Supply Current 
(TTL Level) 

s 


20 

20 

20 

20 

20 

20 

20 

- 

20 

mA 

CS> V, H .f = fMAX 2 3 (4) 
Vcc = Max-. 

Outputs Open. 

■ 


3 

3 

3 

3 

3 

3 

3 

- 

3 

■ 

Full Standby Power 
Supply Current 
(CMOS Level) 

CS > V HC . f = 0 

Vcc = Max. 

s 


15 

15 

20 

15 

20 

15 

20 

- 

20 

mA 

■ 


0.4 

0.4 

1.5 

n 

1.5 

0.4 

1.5 

- 

1.5 


NOTES: 

1 . All values are maximum guaranteed values. 


2. Write cycle current specifications are included to aid in the design of extremely sensitive applications. It should be noted that in most systems the ratio of 
Read cycles to Write cycles is extremely high. When calculating total current consumption, the designer should weight these figures by the percentage of 
“On" time as well as the anticipated ratio of Read to Write cycles (usually greater than 90%). 

3. “x” in part numbers indicates power rating (S or L). 

4 - f MAX = Wrc 





































































































































IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = Vcc - 0.2V 







TYP.W 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 

2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

El 

- 

- 

V 

m 

Data Retention Current 

cs>v HC 


■ 

- 

500 800 

120 200 

jxA 

'cDR 13 ’ 

Chip Deselect to Data Retention Time 

■ 

0 

- 

- 

ns 

t R (3) 

Operation Recovery Time 



ma 

- 

- 

ns 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


v cc 


CS 


DATA RETENTION MODE 


l CDR 

a 

4.5V 

^ V DR > 2V -] 

V DR 

C 

4.5V 

*R 


'/////? 

\ 

V,H 


9 v,„- 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


5V 


DATA out 


2550 < t 30pF* 


4800 


DATAout ■ 


2550 


4800 
T 5pF* 


Figure 1. Output Load 


Figure 2. Output Load 

(for toLZ>*CL2>*OHZ> 
*WHZ> *CHZ » t ow) 


* Including scope and jig. 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V + 10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71256S350) 
IDT71256L35 <*> 
MIN. MAX. 

IDT71256S45 
IDT71256L45 
MIN. MAX. 

IDT71256S55 
IDT71256L55 
MIN. MAX. 

IDT71256S70 
IDT71256L70 
MIN. MAX. 

IDT71256S85P) 
IDT71256L85 < 2 > 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

70 

- 

85 

- 

ns 

l AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

- 

85 

ns 

Ucs 

Chip Select Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

- 

85 

ns 

tdZ 

Chip Select to Output in Low Z (3) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


Output Enable to Output Valid 

- 

15 

- 

20 

- 

25 

30 

- 

35 

ns 

*OLZ 

Output Enable to Output in Low Z < 3 > 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l CHZ 

Chip Deselect to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

l OHZ 

Output Disable to Output in High Z< 3 ) 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

l 0H 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°Cto+70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed, but not tested. 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 2S6K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V+10%. All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71256S35H) 
IDT71256L35 <’> 
MIN. MAX. 

IDT71256S45 
IDT71256L45 
MIN. MAX. 

IDT71256S55 
IDT71256L55 
MIN. MAX. 

IDT71256S70 
IDT71256L70 
MIN. MAX. 

IDT71256S85<2> 
IDT71256L85 < 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

70 

- 

85 

- 

ns 

lew 

Chip Select to End of Write 

30 

- 

40 

- 

50 

- 

60 

- 

70 

- 

ns 

tAW 

Address Valid to End of Write 

30 

- 

40 

- 

50 

- 

60 

- 

70 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WP 

Write Pulse Width 

30 

- 

35 

- 

40 

- 

45 

- 

50 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

twHZ 

Write to Output in High Z< 3 > 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

tow 

Data to Write Time Overlap 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

ns 

l DH 

Data Hold from Write Time 

3 

- 

3 

- 

3 

- 

3 

- 

3 

- 

ns 

tow 

Output Active from End of Write< 3 l 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed, but not tested. 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K X 8-BIT) 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) < 1 ’ 2 3 5 7 > 



ADDRESS 


CS 


= 3 < 




X 


X 


t rw <7>- 


WE 


X 


DATA, 


c 




3 


NOTES: 

1. WE must be high during all address transitions. 

2. A write occurs during the overlap (t cw or t W p ) of a low CS and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200 mV from steady state with a 5pF load (including scope and jig). 

7. If 0 e is low during a WE controlled write cycle, the write pulse width must be the larger of t W p or (t wz + t Dw ) to allow the I/O drivers to turn off and 
data to be placed on the bus for the required t DW If OE’is high during aWE controlled write cycle, this requirement does not apply and the write pulse can be 
as short as the specified t WP . 
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IDT71256S AND IDT71256L 

CMOS STATIC RAM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

| CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

< 

z 

11 

0 

< 

11 

PF 

C OUT 

Output Capacitance 

j ^OUT= 0V I 

11 

PF 


NOTE: 

1. This parameter is determined by device characterization but is not 
production tested. 


TRUTH TABLE v LC = o.2V, v HC = v cc - 0.2 v 


WE 

CS 

OE 

I/O 

FUNCTION 

X 

H 

X 

Hi-2 

Standby (I S b) 

X 

v HC 

X 

Hi-2 

Standby (Isbi) 

H 

L 

H 

Hi-2 

Output Disable 

H 

L 

L 

DATAout 

Read 

L 

L 

X 

data in 

Write 


NOTE: 

1. H = % L = V IL , X = DON’T CARE 


ORDERING INFORMATION 


IDT 


xxxx 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

B 


P 

D 

SO 

J 

L 

35 

45 

55 

70 

85 

L 

S 

71256 


Commercial (0°C to + 70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883. Class B 


Plastic DIP 
CERDIP 

Small Outline 1C 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 

Commercial Only 1 


Military Only 


Speed in Nanoseconds 


Low Power 
Standard Power 


256 K (32K x 8-Bit) Static RAM 
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256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE 
(Low-Power Version) 


IDT8M856L 


FEATURES: 


DESCRIPTION: 


• High-density 256K (32K x 8-bit) CMOS static RAM module 

• Equivalent to JEDEC standard for future monolithic 32K x 8 
static RAMs 

• High-speed— 45ns (max.) commercial; 55ns (max.) military 

• Low power consumption; typically less than 225mW operating, 
less than 500pW in full standby 

• Utilizes I DT71 64s— high-performance 64K static RAMs 
produced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Pin-compatible with IDT7M864 (8K x 8 SRAM module) 

• Offered in the JEDEC standard 28-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V ( +10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold temperatures 
for all AC and DC parameters 



The IDT8M856 is a 256K (32,768 x 8-bit) high-speed static RAM 
constructed on a co-fired ceramic substrate using four IDT7164 
(8,1 92 x 8) static RAMs in leadless chip carriers. Functional equiva- 
lence to proposed monolithic 256K static RAMs is achieved by 
utilization of an on-board decoder circuit that interprets the higher 
order address A13 and Ai4 to select one of the four 8K x 8 RAMs. 
Extremely fast speeds can be achieved with this technique due to 
use of 64K static RAMs and the decoder fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. 

The IDT8M856 is available with maximum access times as fast 
as 45ns for commercial and 55ns for military temperature ranges, 
with maximum power consumption of only 825mW. The circuit 
also offers a substantially low-power standby mode. When CS 
goes high, the circuit will automatically go to a standby mode with 
power consumption of only 83mW (max.). 

The IDT8M856 is offered in a 28-pin, 600 mil center sidebraze 
DIP. This provides four times the density of the IDT7M864 (8K x 8 
module) in the same socket, with only minor pin assignment 
changes. In addition, the JEDEC standard for 256K monolithic 
pinouts has been adhered to, allowing for compatibility with 256K 
monolithics. 

All inputs and outputs of the IDT8M856 are TTL-compatible and 
V- operate from a single 5V supply. Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation, and providing 
equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 

W 



NOTE: 

* For module dimensions, please refer to module 
drawing Ml in the packaging section. 

CEMOS is a trademark of Integrated Device Technology, Inc. 


PIN NAMES 


> 

o 

1 

> 

Addresses 

WE 

Write Enable 

l/Oi - I/Os 

Data Input/Output 

5e 

Output Enable 

CS 

Chip Select 

GND 

Ground 

Vcc 

Power 




MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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FEATURES: 

• High-density 256K-bit CMOS static RAM module r 

• Customer-configured to 16Kx16, 32Kx8 or 64Kx4 

• Fast access times 

— Military: 20ns 

— Commercial: 15ns 

• Low power consumption 

— Active: 3.2mW (typ.) (in 16K x 16 organization) 

— Standby: 0.1 6mW (typ.) 

• Utilizes 16 IDT6167s high-performance 16K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Offered in 40-pin, 900 mil center sidebraze DIP, achieving very 
high memory density 

• Single 5 V (±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Module available with semiconductor components compliant 
to MIL-STD-883, Class B. 


DESCRIPTION: 

The IDT7M656 is a 256K-bit high-speed CMOS static RAM con- 
structed on a multilayered ceramic substrate using 16 IDT6167 
(16Kx1) static RAMs in leadless chip carriers. Making 4 chip select 
lines available (one for each group of 4 RAMs) allows the user to 
configure the memory into a 1 6Kx1 6, 32Kx8 or 64Kx4 organization. 
In addition, extremely high speeds are achievable by the use of 
IDT6167S fabricated in IDT’s high-performance, high-reliability 
technology, CEMOS. This state-of-the-art technology, combined 
with innovative circuit design techniques, provides some of the 
fastest 16K static RAMs available. 

The IDT7M656 is available with access times as fast as 15ns 
commercial and 20ns military temperature range, with maximum 
operating power consumption of only 7.9W (significantly less if 
organized 32Kx8 or 64Kx4). The RAM module also offers a 
maximum standby power mode of 3.0W and a maximum full 
standby mode of 176mW. 

The IDT7M656 is offered in a high-density 40-pin, 900 mil center 
sidebraze DIP to take full advantage of the compact IDT6167S in 
leadless chip carriers. 

AU inputs and outputs of the'IDT7M656 are TTL-compatible and 
operate from a single 5 V supply. (NOTE: Both Vcc J pins need to be 
connected to the 5 V supply and both GND pins need to be 
grounded for proper operation.) Fully asynchronous circuitry is 
used requiring no clocks or refreshing for operation, and providing 
equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making it ideally suited to military temperature applica- 
tions demanding the highest level of performance and reliability. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. 
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256K (16Kx 16-BIT) & 

IDT8MP656S 

128K (8Kx 16-BIT) 

IDT8MP628S 

CMOS STATIC RAM 


PLASTIC SIP MODULES 



FEATURES: 

• High-density 256K/128K CMOS static RAM modules 

• 16K x 16 organization (IDT8MP656S) with 8K x 16 option 
(IDT8MP628) 

• Upper byte (l/Og-ie) and lower byte (l/Oi-a) separated control 

— Flexibility in application 

• Fast access times 

— 40ns (max.) 

• Low power consumption 

— Active: less than 825mW (typ. in 16K x 16 organization) 

— Standby: less than 20mW (typ.) 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Offered in an SIP (single in-line) package for maximum 
space-savings 

• Utilizes IDT71 64s -high-performance 64K static RAMs 
produced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The I DT8M P656S/I DT8M P628S are 256K/128K-bit high-speed 
CMOS static RAMs constructed on an epoxy laminate substrate 
using four IDT7164 8K x 8 static RAMs (IDT8MP656S) or two 
IDT7164 static RAMs (IDT8MP628S) in plastic surface mount 
packages. 

Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address At 3 to select one of the two 8 K x 16 RAMs as 
the by-16 output and using LB and UB as two extra chip select 
functions for lower byte (l/Oi-e) and upper byte (I/O 9 - 16 ) control, 
respectively. (OnthelDT8MP628S8Kx 16option, Ai3needsto be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT7164S, fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 256K/128K static RAMs available. 

The IDT8MP656S/IDT8MP628S are available with maximum 
operating power consumption of only 1.8W (IDT8MP656S 16Kx 16 
option). The modules also offer a full standby mode of 330mW 
(max.). 

/S '/The IDT8MP656S/IDT8MP628S are offered in a 40-pin plastic 
■ : SIP. For the JEDEC standard 40-pin DIP, refer to the IDT8M656S/ 
%jlDT8M628S. 

All inputs and outputs of the IDT8MP656S/IDT8MP628S are 
TTL-compatible and operate from a single 5V supply. (NOTE: Both 
GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 


* a 
/$■ 



CEMOS is a trademark of Integrated Device Technology, Inc. 
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FEATURES: 

• High-density 256K/128K-bit CMOS static RAM modules 

• 16K x 16 organization (IDT8M656) with 8K x 16 option 
(IDT8M628) 

• Upper byte (l/Og-ie) and lower byte (I/0 1-3) separated control 

— Flexibility in application 

• Equivalent to JEDEC standard for future monolithic 
16K x 16/8K x 16 static RAMs 

• High-speed 

— Military: 50ns (max.) 

— Commercial : 40ns (max.) 

• Low power consumption: typically less than 825mW 
operating (IDT8M656), less than 40mW in standby 

• Utilizes IDT7164S— high-performance 64K static RAMs 
produced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in the JEDEC standard 40-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (+10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 
tures for all AC and DC parameters A 


DESCRIPTION: 

The I DT8 M656S/I DT8M628S are 256K/128K-bit high-speed 
CMOS static RAMs constructed on a multi-layered ceramic sub- 
strate using four IDT7164 8K x 8 static RAMs (IDT8M656S) or two 
IDT7164 static RAMs (IDT8M628S) in leadless chip carriers. 

Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address A13 to select one of the two 8K x 16 RAMs as 
the by- 16 output and using LB and UB as two extra chip select 
functions for lower byte (I /0 1 -s) and upper byte (I/O9-16) control, 
respectively. (On the IDT8M628S 8K x 16 option, A13 needs to be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT7164S fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 256K/128K static RAMs available. 

The IDT8M656S/IDT8M628S are available with access times as 
fast as 40ns over the commercial temperature range, with maxi- 
mum operating power consumption of only 1.98W (IDT8M656S 
16K ^16 option). The module also offers a full standby mode of 
440mW (max.). 

The IDT8M656S/IDT8M628S are offered in a high-density 
■; 40-pin, 600 mil center sidebraze DIP to take full advantage of the 
compact IDT7164S in leadless chip carriers. 

All inputs and outputs of the IDT8M656S/IDT8M628S are TTL- 
compatible and operate from a single 5V supply. (NOTE: BothVcc 
pins need to be connected to the 5V supply and both GND pins 
need to be grounded for proper operation.) Fully asynchronous 
circuitry is used, requiring no clocks or refreshing for operation, 
and providing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 
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51 2K (64KX 8-BIT 
or 64K x 9-BIT) 

CMOS STATIC RAM MODULE 


IDT7M812 

IDT7M912 


FEATURES: 

• High-density 512K-bit CMOS static RAM module 

• 64K x 8 (IDT7M812) or 64K x 9 (IDT7M912) configuration 

• Fast access times 

— Military: 35ns (max.) 

— Commercial: 25ns (max.) 

• Low power consumption 

— Active: 2.4W (typ. in 64K x 8 organization) 

— Standby: 240pW (typ. in 64K x 8 organization) 

• Utilizes 8 (IDT7M812) or 9 (IDT7M912) IDT7187 high- 
performance 64K x 1 CMOS static RAMs produced with IDT’s 
advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Available in 40-pin, 600 mil center sidebraze DIP, achieving 
very high memory density 

• Single 5V(±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components . 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold . . 

temperatures for all AC and DC parameters A 


DESCRIPTION: 

The IDT7M812/IDT7M912 are 512K-bit high-speed CMOS 
static RAMs constructed on a multi-layered ceramic substrate us- 
ing 8 IDT7187 64K x 1 static RAMs (IDT7M812) or 9 IDT7187 static 
RAMs (IDT7M912) in leadless chip carriers. Extremely high speeds 
are achievable by the use of IDT7187s fabricated in IDT’s high- 
performance, high-reliability technology, CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 64K static RAMs available. 

The IDT7M812/IDT7M912 are available with access times as 
fast as 25ns commercial and 35ns military temperature range, with 
maximum operating power consumption of only 6.9W (IDT7M912, 
64 K x 9 option). The module also offers a standby power mode of 
less than 3.2W (max.) and a full standby mode of 1.2W (max.). 

The ID77M812/IDT7M912 are offered in a high-density 40-pin, 
600 mil center sidebraze DIPtotake full advantage of the compact 
IDT7187s in leadless chip carriers. The IDT7M912 (64K x 9) option 
can provide more flexibility in system application for error detec- 
tion, parity bit, etc. 

All inputs and outputs of the IDT7M812/IDT7M912 are TTL- 
compatible and operate from a single 5V supply. (NOTE: Both V C c 
pins need to be connected to the 5V supply and both GND pins 
need to be grounded for proper operation.) Fully asynchronous cir- 
cuitry is used, requiring no clocks or refreshing for operation, and 
providing access and cycles times for ease of use. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 
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PIN NAMES 


DIP 

TOP VIEW 

NOTES: 

1 . Both Vcc pins need to be connected to the 5V supply and both GND pins need to be grounded for proper 
operation. 

2. Pin 18 is D 8 and pin 23 is Y 8 in 64K x 9 (IDT7M912) option and both 18 and 23 are NC in 64K x 8 
(IDT7M812) option. 

For module dimensions, please refer to module drawing M4 in the packaging section. 
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51 2K (16K x 32) 

CMOS STATIC RAM DUAL 
CERAMIC SIP MODULE 
WITH SEPARATE I/O 


ADVANCE 

INFORMATION 

IDT7MC4032 


FEATURES: 

• High-density 32 bit word 512K (16K x 32) static RAM module 

• Available in low profile 88-pin sidebraze dual ceramic SIP 
(single in-line package) 

• Separate I/O 

• Fast access time: 30ns (max.) 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• High impedance outputs during write mode 

• CEMOS ™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled in IDT’s high reliability vapor phase solder reflow 
process 

• Single 5V (±10%) power supply 

• Inputs/outputs directly TTL-compatible 
Multiple GND pins for maximum noise immunity 


DESCRIPTION: 

The IDT7MC4032 is a 32-bit wide 512K (16K x 32) static RAM 
module with separate I/O constructed on a co-fired ceramic sub- 
strate using eight IDT71982 16K x 4 static RAMs in leadless chip 
carriers. Extremely fast speeds can be achieved due to the use of 
64K static RAMs fabricated in IDT’s high-performance, high-reli- 
ability CEMOS ™ technology. The IDT7MC4032 is available with 
access time as fast as 30ns, with minimal power consumption. 

The 7MC family of ceramic SIPs offers the optimum is packing 
density and profile height . The IDT7MC4032 is packaged in a 
88-pin dual ceramic SIP^The dual row configuration allows 88 pins 
to be placed on a package less than 4.5 inches long and .27 inches 
wide. At only 520 mils high, this profile package is ideal for systems 
with minimum board spacing. Extremely high packing density can 
also be achieved’allowing four IDT7MC4032 modules to be 
stacked per inch of board space. 

All inputs and outputs of the IDT7MC4032 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
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CMOS STATIC RAM 
1 MEG (1,024Kx 1-BIT) 



Integrated Device Technology. Inc. 


ADVANCE 

INFORMATION 

IDT71027S 

IDT71027L 


FEATURES: 

• One full megabit of static RAM in popular 1.024K x 1 
configuration 

• High-speed access 

- Military: 55/70/90ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low power consumption 

- IDT71027S 
Active: 500mW (typ.) 

Standby: 5mW (typ.) 

— IDT71027L 

Active: 500mW (typ.) 

Standby: 200pW (typ.) 

• Battery backup operation— 2V data retention 

• Available in 28-pin DIP 

• TTL-compatible 

• Single 5V (±10%) power supply 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71027 is an extremely high-density (1 ,024K x 1-bit) high- 
speed static RAM designed for use in systems where fast computa- 
tion, low power and board density are of the utmost importance. 

The IDT71027 uses individual input and output lines to provide 
fast read and write access to all memory locations. This function 
allows designers to fully utilize the IDT71027’s already fast 45ns 
address access time to achieve a considerable throughput advan- 
tage. An automatic power down feature, controlled by CS, permits 
the on-chip circuitry to enter a very low standby power mode and 
be brought back into operation at a speed equal to the address 
access time. 

Fabricated using IDT’s CEMOS ™ high-performance technol- 
ogy, the IDT71027 typically operates on only 500mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions of- 
fer battery backup data retention capability, typically consuming 
200pW from a 2 V battery. 

All inputs and outputs of the IDT71 027 are TTL-compatible and 
the device operates from a standard 5 V supply, simplifying system 
design. The IDT71027 is packaged in a 28-pin DIP. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 
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IDT71027S AND IDT71027L 

CMOS STATIC RAM 1 MEG (1.024K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 








1 MEGABIT (1024KX 1-BIT) 

PRELIMINARY 

CMOS STATIC RAM 

IDT7MC4001 

SIP MODULE 



FEATURES: 

• High-density 1 megabit (1024K x 1) CMOS static RAM 
module 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• Available in low profile 30-pin ceramic SIP (single in-line 
package) for maximum space saving 

• Fast access times: 35ns (max.) 

• Separate I/O lines 

• Low power consumption 

— Dynamic: 1 .35W (max.) 

— Full standby: 330mW (max.) 

• Single 5V(±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MC4001 is a 1 megabit (1024K x 1-bit) high-speed 
static RAM module with separate I/O. The module is constructed 
on a co-fired ceramic substrate using four IDT71257 256K x 1 static 
RAMs in surface mount packages. 

The 7MC family of ceramic SIPs offers the optimum in packing 
density and profile height. The IDT7MC4001 is offered in a 30-pin 
ceramic SIP (single in-line package). At only 420 mils high, this low 
profile package is ideal for systems with minimal board spacing. 
Surface mount SIP technology also yields very high packing den- 
sity, allowing five IDT7MC4001 modules to be stacked per inch of 
board space. ^ 

The IDT7MC4001 Js available with maximum access times as 
fast as 35ns, with maximum power consumption of 1.35 watts. The 
module also offers a full standby mode of 330mW (max.). 

All inputs and outputs of the IDT7MC4001 are TTL-compatible 
and operate from a single 5 V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access times for ease of use. 
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CMOS STATIC RAM 
1 MEG (256K x 4-BIT) 


ADVANCE 

INFORMATION 

IDT71028S 

IDT71028L 


FEATURES: 

• One full megabit of static RAM in popular 256K x 4 configuration 

• High-speed access 

— Military: 55/70/90ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low power consumption 

- IDT71028S 

Active: 500mW (typ.) 

Standby: 5mW (typ.) 

- IDT71028L 

Active: 500mW (typ.) 

Standby: 200pW (typ.) 

• Battery back-up operation— 2V data retention 

• Available in 28-pin DIP 

• TTL-compatible 

• Single 5V (±10%) power supply 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71028 is an extremely high-density (256K x 4-bit), high- 
speed static RAM designed for use in systems where fast computa- 
tion, low power and board density are of the utmost 
importance. 

The IDT71028 uses four bidirectional input/output lines to pro- 

vide simultaneous access to all bits in a word and has a high-speed mmmmrnm 
45ns address access time to achieve a considerable throughput Wk ■Sgl 
advantage. An automatic power down feature, controlled by CS, 
permits the on-chip circuitry to enter a very low standby power 
mode and be brought back into operation at a speed equal to the 
address access time. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, the IDT71028 typically operates on only 500mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions of- 
fer battery backup data retention capability, typically consuming 
200pW from a 2 V battery. 

All inputs and outputs of the IDT71028 are TTL-compatible and 
the device operates from a standard 5V supply, simplifying system 
design. The IDT71028 is packaged in a 28-pin DIP. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 
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IDT71028S/IDT71028L CMOS STATIC RAM 256K (64K x 4-BIT) 


PIN CONFIGURATION 



DIP 

TOP VIEW 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 


LOGIC SYMBOL 



TRUTH TABLE 


cs 

OE 

WE 

I/O! - l/0 4 

FUNCTION 

H 

X 

X 

High Z 

Deselected. Powered Down (l SB ) 

L 

H 

H 

High Z 

Outputs Disabled 

L 

L 

H 

Qout 

Read Data from RAM 

L 

X 

L 

High Z 

Write Data to RAM 


NOTE: 

1. H = High. L = Low, X = Don't Care, High Z = High Impedance 
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CMOS STATIC RAM 
1 MEG (128Kx 8-BIT) 


ADVANCE 

INFORMATION 

IDT71024S 

IDT71024L 


FEATURES: 

• One full megabit of static RAM in popular 128K x 8 configuration 

• Two chip selects plus Output Enable pin 

• High-speed access 

— Military: 55/70/90ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low power consumption 

- IDT71024S f 

Active: 500mW (typ.) 

Standby: 5mW (typ.) 

- IDT71024L 

Active: 500mW (typ.) 

Standby: 200pW (typ.) 

• Battery back-up operation— 2V data retention 

• Available in 32-pin, 600 mil DIP 

• TTL-compatible 

• Single 5V (±10%) power supply 

• Military product compliant to MIL-STD-883, Class B 


FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT71024 is an extremely high-density 128K x 8-bit high- 
speed static RAM designed for use in systems where fast computa- 
tion, low power and board density are of the utmost importance. 

The IDT71024 uses eight bidirectional input/output lines to 
provide simultaneous access to all bits in a word and has an output mmmmmm 
enable (OE) pin which operates as fast as 25ns. This function |H| 
allows designers to access the IDT71024 at speeds much higher 
than the already fast 45ns address access time to achieve a 
considerable throughput advantage. An automatic power down 
feature permits the on-chip circuitry to enter a very low standby 
power mode and be brought back into operation at a speed equal 
to the address access time. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, the IDT71024 typically operates on only 500mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions 
offer battery backup data retention capability, typically consuming 
200pW from a 2V battery. 

All inputs and outputs of the IDT71024 are TTL-compatible and 
the device operates from a standard 5V supply, simplifying system 
design. The IDT71024 is packaged in a 32-pin DIP. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 
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IDT71024S/IDT71024LCMOS STATIC RAMI MEGABIT (128KX8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


LOGIC SYMBOL 


NCC 
AieC 2 
A,4 C 3 
A12C 4 
A7 [I 5 
A e C 6 
A 5 C 7 
A4 [Z 8 
A3C0 
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A, C „ 
Ao C 12 
I/O, C 13 
l/0 2 IZ 14 
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TOP VIEW 
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TRUTH TABLE 


INPUTS 

OUTPUTS 

FUNCTION 

WE 

CS, 

cs 2 

OE 

l/O 0 -l/O 7 

X 

H 

X 

X 

High Z 

Deselected 

X 

X 

L 

X 

High Z 

Deselected 

H 

L 

H 

H 

High Z 

Outputs disabled 

H 

L 

H 

L 

d out 

Read data from RAM 

L 

L 

H 

X 

High Z 

Write data to RAM 


NOTE: 

1. H = High, L = Low, X = Don't Care, High Z = High Impedance 
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1 MEGABIT (128Kx 8-BIT) 
CMOS STATIC RAM MODULE 


IDT8M824S 


FEATURES: 

• High-density 1024K (128K x 8) CMOS static RAM module 

• Equivalent to JEDEC standard for future monolithic 128K x 8 
static RAMs 

• High-speed 

— Military: 60ns (max.) 

— Commercial: 40ns (max.) 

• Low power consumption 

— Active: less than 550mW (typ.) 

— Standby: less than 20mW (typ.) 

• CEMOS ™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in the JEDEC standard 32-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compli- 
ant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 
tures for all AC and DC parameters 


DESCRIPTION: 

The IDT8M824S is a1024K (131,072 x 8-bit) high-speed static 
RAM constructed on a co-fired ceramic substrate using four 
IDT71256 32K x 8 static RAMs in leadless chip carriers. Functional 
equivalence to proposed monolithic one megabit static RAMs is 
achieved by utilization of an on-board decoder that interprets the, 
higher order address A 15 and Aie to select one of the four 32K x 8 
RAMs. Extremely fast speeds can be achieved with this technique 
due to use of 256K static RAMs and the decoder fabricated in IDT’s 
high-performance, high-reliability CEMOS technology. 

The IDT8M824S is available with maximum access times as fast' 
as 40ns for commercial temperature range, with maximum power 
consumption of 1 .2 watts. The module offers a full standby mode of 
440mW (max.). 

The I DT8M8245 is offered in a 32-pin, 600 mil center sidebraze 
DIP, adhering to JEDEC standards for one megabit monolithic 
pinouts, allowing for compatibility with future monolithics. 

All inputs and outputs of the IDT8M824S are TTL-compatible 
and operate from a single 5 V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance to the latest revision of MIL-STD-883, Class 
^ B, making them ideally suited to applications demanding the high- 
, est level of performance and reliability. 
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1 . For module dimensions, please refer to module 
drawing M2 in the packaging section. 
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1 MEGABIT (128Kx 8-BIT) 
CMOS STATIC RAM 

IDT8MP824S 

PLASTIC SIP MODULE 



FEATURES: 


DESCRIPTION: 


High-density 1024K (128K x 8) CMOS static RAM module 
Fast access time 

— 40ns (max.) over commercial temperature range 
Low power consumption 

— Active: less than 500mW (typ.) 

— Standby: less than 8mW (typ.) 

Cost-effective plastic surface-mounted RAM packages on an 
epoxy laminate (FR4) substrate 

Offered in a SIP (single in-line package) for maximum space- 
saving 

Utilizes IDT71256s— high-performance 256K static RAMs pro- 
duced with advanced CEMOS ™ technology 
CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

Single 5V (±10%) power supply 
Inputs and outputs directly TTL-compatible 


The IDT8MP824S is a1024K (131 , 072 x 8-bit) high-speed static 
RAM constructed on an epoxy laminate substrate using four 
IDT71256 32K x 8 static RAMs in plastic surface mount packages. 
Functional equivalence to proposed monolithic one megabit static 
RAMs is achieved by utilization of an on-board decoder that inter- 
prets the higher order address Ai 5 and Ai 6 to select one of the four 
32K x 8 RAMs. Extremely fast speeds can be achieved with this 
technique due to use of 256K static RAMs and the decoder fabri- 
cated in IDT’s high-performance, high-reliability CEMOS technol- 
ogy- ^ v t# 

The IDT8MP824S Is available with maximum access times as 
fast as 40ns over the commercial temperature range, with maxi- 
mum operating power consumption of 825mW. The module also 
offers a full standby mode of 330mW (max.). 

. The IDT8MP824S is offered in a 30-pin SIP. For the 32-pin 
JEDEC standard; DIP, refer to the IDT8M824S. 

All inputs and outputs of the IDT8MP824S are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION 



SIP 

SIDE VIEW 


FUNCTIONAL BLOCK DIAGRAM 
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PIN NAMES 


A 0-16 

Addresses 

l/Oi- S 

Data Input/Output 

CS 

Chip Select 

Vcc 

Power 

WE 

Write Enable 

OE 

Output Enable 

GND 

Ground 


1. For module dimensions, please refer to module drawing M12 in the packaging section. 
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1 MEGABIT CMOS 

IDT7M624S 

STATIC RAM MODULE 



FEATURES: 

• High-density 1024K-bit CMOS static RAM module 

• Customer-configured to 64K x 16, 128K x 8 or 256K x 4 

• Fast access times 

— Military: 35ns (max.) 

— Commercial: 25ns (max.) 

• Low power consumption 

— Active: 4.8W (typ. in 64K x 16 organization) 

— Standby: 1.6mW (typ.) 

• Utilizes 16 IDT7187 high-performance 64K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in 40-pin, 900 mil center sidebraze DIP, achieving 
very high memory density 

• Pin-compatible with IDT7M656 (256K RAM module) 

• Single 5V(±10%) power supply 

• Dual GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compli- 
ant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 

tures for all AC and DC parameters 


DESCRIPTION: 

The IDT7M624 is a 1024K-bit high-speed CMOS static RAM 
constructed on a multi-layered ceramic substrate using 16 
IDT7187 64K x 1 static RAMs in leadless chip carriers. Making four 
chip select lines available (one for each group of 4 RAMs) allows 
the user to configure the memory into a 64K x 1 6, 128K x 8 or 256K x 
4 organization. In addition, extremely high speeds are achievable 
by the use of I DT71 87s fabricated in IDT’s high-performance, high- 
reliability technology, CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides the 
fastest 64 K static RAMs available. 

The IDT7M624 is available with access times as fast as 25ns 
commercial and 35ns military temperature range, with maximum 
operating power consumption of only 12.3W (significantly less if 
organized 128K x 8 or 256K x 4). The module also offers a standby 
power mode of 5.7W (max.) and a full standby mode of 1.7W 
(max.). 

The IDT7M624 is offered in a 40-pin, 900 mil center sidebraze 
DIP to take advantage of the compact IDT7187S in leadless chip 
carriers. ; 

All inputs and outputs of the IDT7M624 are TTL-compatible and 
operate from a single 5V supply. (NOTE: Both GND pins need to be 
grounded for proper operation.) Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation, and providing 
equal access times for ease of use. 

All IDT military module semiconductor components are compli- 
ant with the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 



PIN CONFIGURATION 


PIN NAMES 


FUNCTIONAL BLOCK DIAGRAM 
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WE 

Write Enable 
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Power 
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NOTES: 

1 . Both GND pins need to be grounded for proper operation. 

2. For module dimensions, please refer to module drawing M6 in the 
packaging section. 
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1 MEGABIT 
CMOS STATIC RAM 
PLASTIC MODULE 


ADVANCE 

INFORMATION 

IDT7MB624 


FEATURES: 


DESCRIPTION: 


• High-density 1024K-bit CMOS static RAM module 

• Customer-configured to 64K x 16, 128K x 8 or 256K x 4 

• , Fast access times 

■— 25ns (max.) 

• Low power consumption 

— Active: 4.8W (typ.) (in 64K x 16 organization) 

— Standby: 1.6mW (typ.) 

• Utilizes 16 IDT7187 high-performance 64K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Offered in 40-pin, 900 mil center plastic DIP, achieving very high 
memory density 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 


The IDT7MB624 is a 1024K-bit high-speed CMOS static RAM 
constructed on an epoxy laminate substrate using 16 IDT7187 
(64K x 1) static RAMs in plastic surface mount packages. Making 
four chip select lines available (one for each group of 4 RAMs) al- 
lows the user to configure the memory into a 64K x 16, 128K x 8 or 
256K x 4 organization. In addition, extremely high speeds are 
achievable by the use of IDT7187S fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 64K static RAMs available. 

The IDT7MB624 is available with access times as fast as 25ns 
over the commercial temperature range, with maximum operating 
power consumption of only 9.6W (significantly less if organized 
128K x 8 or 256K x 4). The module also offers a standby power 
mode of 4.4W (max.) and a full standby mode of 1.7W (max.). 

The IDT7MB624 is offered in a high-density 40-pin, 900 mil cen- 
ter plastic DIP to take full advantage of the compact IDT7187s in 
plastic surface mount packages. 

All inputs and outputs of the IDT7MB624 are TTL-compatible 
and operate from a single 5V supply. (NOTE: Both GND pins need 
to be grounded for proper operation.) Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access times for ease of use. 


FUNCTIONAL BLOCK DIAGRAM 
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CEMOS is a trademark of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


4-178 


DSC-7001/- 








Integrated Device Technology. Inc. 


1 MEGABIT (64Kx 16-BIT) 
&512K (32Kx 16-BIT) 

CMOS STATIC RAM MODULE 


IDT8M624S 

IDT8M612S 


FEATURES: 

• High-density 1024K/512K-bit CMOS static RAM module 

• 64K x 16 organization (IDT8M624S) with 32K x 16 option 
(IDT8M612S) 

• Upper byte (l/Og-i6) and lower byte (I/O i-s ) separated control 
— Allows flexibility in application 

• Equivalent to JEDEC standard for future monolithic 64K x 16/ 
32K x 16 static RAMs 

• High speed, 40ns (max.) over commercial temperature range 

• Low power consumption 

• CEMOS ™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Offered in the JEDEC standard 40-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold temperatures 
for all AC and DC parameters 


DESCRIPTION: 

The IDT8M624S/IDT8M612S are 1024K/512K-bit high-speed 
CMOS static RAMs constructed on a multi-layered ceramic- 
substrate using four IDT71256 32K x 8 static RAMs (IDT8M624S) or 
two IDT71256 static RAMs (IDT8M612S) in leadless chip carriers. 
Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address A 15 to select oneofthe two 32K x 16 RAMs as 
the by-16 output and using LB and UB as two extra chip select 
functions for lower byte (l/Oi-s) and upper byte (I/O 9 - 16 ) control, 
respectively. (On the IDT8M612S 32K x 16 option, A 15 needs to be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT71256s fabricated in IDT’s high- 
performance, high-reliability technology, CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 1024K/512K static RAMs available. 

The IDT8M624S/IDT8M612S are available with access times as 
fast as 40ns commercial and 60ns military temperature range, with 
maximum operating power consumption of only 1.8W (max.- 
IDT8M624S 64K x 16 option). The module also offers a full standby 
mode of 440mW (max.). 

The IDT8M624S/IDT8MP612S are offered in a high-density 
3 40-pin, 600 mil center sidebraze DIP to take full advantage of the 
compact IDT71256s in leadless chip earners. 

All inputs and outputs of the IDT8M624S/IDT8M612S are TTL- 
compatible and operate from a single 5V supply. (NOTE: Both 
GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 
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1 MEGABIT (64K x 16-BIT) & IDT 8 MP 624 L 
512K (32K x 16-BIT) IDT8MP612L 

CMOS STATIC RAM 
PLASTIC SIP MODULE 


FEATURES: 

• High-density 1024K/512K-bit CMOS static RAM module 

• 64K x 16 organization (IDT8MP624) with 32K x 16 option 
(IDT8MP612) 

• Upper byte (l/Oo-ie) and lower byte (I/O i-s) separated control 
— Allows flexibility in application 

• Fast access time: 40ns (max.) 

• Low power consumption 

• CEMOS™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• Offered in a SIP (single in-line) package for maximum 
space-savings 

• Cost-effective plastic surface-mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Single 5V (+10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The I DT8M P624S/I DT8M P6 1 2S are 1024K/512K high-speed 
CMOS static RAMs constructed on an epoxy laminate substrate 
using four IDT71256 32K x 8 static RAMs (IDT8MP624S) or two 
IDT71256 static RAMs (IDT8MP612S) in plastic surface-mount 
packages. Functional equivalence to proposed monolithic static 
RAMs is achieved by utilization of an on-board decoder that inter- 
prets the higher order address A 15 to select one of the two 32K x 1 6 
RAMs as the by- 16 output and using LB and UB as two extra chip 
select functions for lower byte (I/O i_e) and upper byte (I/O 9-1 6) 
control, respectively. ,(On the IDT8MP612S 32K x 16 option, A 15 
needs to be externally grounded for proper operation.) Extremely 
high speeds are achieved by the use of IDT71256s fabricated in 
IDT’s high-performance, high-reliability technology, CEMOS. This 
state-of-the-art technology, combined with innovative circuit de- 
sign technicjues, provides the fastest 1024K/512K static RAMs 
available. |C 

The IDT8MP624S/IDT8MP612S are available with access times 
as fast as 40bs over the commercial temperature range, with maxi- 
mum operating power consumption of only 1.8W (64Kx 16 option). 
The module also offers a full standby mode of 330mW (max.) 
The IDT8MP624S/IDT8MP612S are offered in a 40-pin plastic 
. SIR package. For the 40-pin JEDEC standard DIP, refer to the 
1DT8M624S/IDT8M612S. 

All inputs and outputs of the IDT8MP624S/IDT8MP612S are 
. TTL-compatible and operate from a single 5V supply. (NOTE: Both 

GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 
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FEATURES: 

• High-density 2 megabit (64K x 32) CMOS static RAM module 

• Fast access times 

— Military: 60ns (max.) 

— Commercial: 45ns (max.) 

• individual byte selects 

• Upper and lower word write enables 

• CEMOS™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Available in 60-pin, 600 mil wide ceramic sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 


The IDT7M4017 is a 2 megabit (64Kx 32) high-speed static RAM 
module constructed on a co-fired ceramic substrate using eight 
IDT71256 32K x 8 static RAMs in leadless chip carriers. On-board 
decoders use A 15 to select the upper or lower bank of RAMs. Four 
chip selects control individual byte selection. Extremely fast 
speeds can be achieved due to use of 256K static RAMs and the 
decoder fabricated in IDT’s high-performance, high-reliability 
CEMOS technology. 

The IDT7M4017 is offered in a 60-pin, 600 mil center sidebraze 
DIP which enables two megabits of memory to be placed in less 
than 1.9 square inches of board space. 

The IDT7M4017 is available with fast access times over the 
commercial and military temperature ranges, with minimal power 
consumption._The circuit also offers a reduced power standby 
mode. When CS goes high, the circuit will automatically go to a 
substantially lower power mode. 

All inputs and outputs of the IDT7M4017 are TTL-compatible 
and operate from a.single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with MIL-STD-883, Class B, making them 
' idealiy suited to applications demanding the highest level of per- 
formance and reliability. 
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FEATURES: 

• High-density 4 megabit (512K x 8) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 36-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times 

— 45ns (max.) 

• Low power consumption 

— Dynamic: 2.6W (max.) 

— Full standby: 1.9 (max.) 

• CEMOS™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MP4008 is a 4 megabit (512K x 8-bit) high-speed static 
RAM module constructed on an epoxy laminate surface using six- 
teen IDT71256 32K x 8 static RAMs in plastic surface mount pack- 
ages. Extremely fast speeds can be achieved with this technique 
due to the use of 256K static RAMs fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP4008 is offered- in a 36-pin SIP. The 7MP4008 can be 
stacked on 300 mil centers;' yielding greater than 12 megabits of 
RAM in less than 5 square Inches of board space. 

The IDT7MP4008 is available with maximum access times as 
fast as 45ns with maximum power consumption of 2.6 watts. The 
IDT7MP4008 also, offers a full standby mode of 1.9W (max.). 

All inputs and outputs of the IDT7MP4008 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 



ADDRESS 





SIP 

SIDE VIEW 

NOTE: 

1 . For module dimensions, please refer to module drawing M 1 7 in the packaging section. 
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Ao-18 

Addresses 

I/Oq-7 

Data Inputs/Outputs 

SE 

Output Enable 

WE 

Write Enable 

ME 

Module Select 

Vcc 

Power 

GND 

Ground 
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4 MEGABIT (256Kx 16) 
CMOS STATIC RAM 

ADVANCE 

INFORMATION 

IDT7M4016 


MODULE 

Integrated DeviceTechnology. Inc. 




FEATURES: 


DESCRIPTION: 


• High-density 4 megabit (256K x 16) CMOS static RAM module 

• Low power consumption 

• Utilizes 16 IDT71257 high-performance 256K x 1 CMOS static 
RAMs produced with IDT's advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Available in 48-pin, 900 mil wide ceramic sidebraze DIP 

• 4X the density of the IDT7M624 (1024K RAM module) in the 
same size package 

• Multiple GND pins for maximum noise immunity 

• Single 5V (+10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


The IDT7M4016 is a 4-megabit high-speed CMOS static RAM 
module constructed on a multi-layered ceramic substrate using 
sixteen IDT71257 (256K x 1) static RAMs in leadless chip carriers. 

The IDT7M4016 is an upgrade from the IDT7M624 (1024K RAM 
module) offering four times the memory density in the same size 
package. Making four chip select lines available (one for each 
group offour RAMs) allows the user to configure the memory intoa HjJ 

256K x 16, 512K x 8 or 1024K x 4 organization. In addition, 
extremely high speeds are achievable by the use of IDT71257s, BUfli 
fabricated in IDT’s high-performance, high-reliability CEMOS 
technology. This state-of-the-art technology, combined with inno- 
vative circuit design techniques, provides the fastest 256K static 
RAMs available. 

The IDT7M4016 is packaged in a 48-pin, 900 mil center 
sidebraze DIP to take advantage of the compact leadless chip car- 
riers. This enables- four megabits of static RAM memory to be 
placed in less than 2.2 square inches of board space. 

All inputs and outputs of the IDT7M4016 are TTL-compatible 
and operate from a single 5 V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 
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Integrated Device Technology. Inc 


CMOS STATIC RAM 
16K (4Kx 4-BIT) 
CACHE-TAG RAM 



FEATURES: 

• High-speed address access time 
— Military: 15ns 

— Commercial: 12ns 

• High-speed comparison time 
— Military: 15ns 

— Commercial: 12ns 

• Low power consumption 
- IDT6178S 

Active: 300mW (typ.) 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Input and output TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Military product compliant to MIL-STD-883, Class B. 


DESCRIPTION: 

The IDT6178 is a high-speed cache address comparator sub- 
system consisting of a 16,384-bit static RAM organized as 4K x 4. 
Cycle Time and Compare Access Time are equal. The IDT6178 
features an onboard 4-bit comparator that compares RAM con- 
tents and current input data. The result is an active high level on the 
MATCH pin. The MATCH pins of several 1DT6178S can be nanded 
together to provide enabling acknowledging signals to the data 
cache or processor. 

The IDT6178 is fabricated using IDT’s high-performance, high- 
reliability technology - CEMOS Tff . Address-to-compare access 
times as fast as 12ns are available, with Tag Data-to-compare 
access times as fast as 12ns. 

All inputs and outputs of the IDT6178 are TTL-compatible and 
operate from a single 5V supply. Fully static asynchronous cir- 
cuitry is used, which requires no clocks or refreshing for operation. 

The IDT6178 is packaged in either a 22-pin, 300 mil plastic or 
ceramic DIP and military grade product is manufactured in 
compliance with the latest revision of MIL-STD-883, Class B. 







IDT6178S CMOS STATIC RAM 16K (4Kx 4-BIT) CACHE-TAG RAM 
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CMOS STATIC RAM 

IDT7174S 

64K (8K x 8-BIT) 


CACHE-TAG RAM 



FEATURES: 

• High-speed address to MATCH comparison time 

— Military: 45/55ns (max.) 

— Commercial: 37/45ns (max.) 

• High-speed address access time 

— Military: 45/55ns (max.) 

— Commercial: 35/45ns (max.) 

• High-speed chip select access time 

— Military: 25/30ns (max.) 

— Commercial: 20/25ns (max.) 

• Low-power operation 

— IDT7174S 

Active: 300mW (typ.) 

• High-speed asynchronous RAM Clear on Pin 1 
(Reset Cycle Time = 2 x tAA) 

• MATCH Output on Pin 26 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Standard 28-pin DIP (600 mil and 300 mil), 28-pin SOIC, 32-pin 
LCC and PLCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7174 is a high-speed cache address comparator sub- 
system consisting of a 65,536-bit static RAM organized as 8K x 8 
and an 8-bit comparator. A single IDT7174 can map 8K cache 
words into a 1 megabyte address space by comparing 20 bits of 
address organized as 13 word cache address bits and 7 upper 
address bits. Two IDT7174s can be combined to provide 28 bits of 
address comparison, etc. The IDT7174 also provides a single RAM 
clear control, which clears all words in the internal RAM to zero 
when activated. This allows the tag bits for all locations to be 
cleared at power-on or system-reset, a requirement for cache 
comparator systems. The IDT7174 can also be used as an8Kx8 
high-speed static RAM. 

The IDT7174 is fabricated using IDT’s high-performance, high- 
reliability technology— CEMOS. Address access times as fast as 
35ns, chip select times of 20ns and address-to-comparison times 
of 37ns are available with maximum power consumption of 
825mW. 

All inputs and outputs of the IDT7174 are TTL-compatible and 
the device operates from a single 5V supply. Fully static asynchro- 
nous circuitry is used, requiring no clocks or refreshing for 
operation. 

The IDT7174 is packaged in a 28-pin DIP (600 mil and 300 mil), a 
28-pin SOIC and 32-pin LCC and PLCC, providing high board level 
packing densities. 

Military grade product is manufactured In compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 
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IDT7174S CMOS STATIC RAM 
64K (8K x 8-BIT) CACHE-TAG RAM 
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PIN CONFIGURATIONS 
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LOGIC SYMBOL 




LCC/PLCC 
TOP VIEW 


PIN NAMES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTES: 

1. All inputs except RESET. 

2. When using bipolar devices to drive the RESET input, a pullup resistor 
of IkO-IOkfl is usually required to assure this voltage. 

3. V |L (min.) = -3.0V for pulse width less than 20ns. 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


Ao -12 Address 

WE Write Enable 

I/O 1-8 Data Input/Output 

OE Output Enable 

CS Chip Select 

GND Ground 

RESET Memory Reset 

V cc Power 

MATCH Data/Memory Match (Open Drain) 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V 1H 

Input High Voltage d> 

2.2 

- 

6.0 

V 

V IHR 

RESET Input High 
Voltage 

2.5® 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5® 

- 

0.8 

V 


— 

A o 


— 

At 

I/O, 

— 

A 2 

l/0 2 

— *■ 

A 3 

l/0 3 

— 

a 4 

i/o 4 

— 

A 5 

l/0 5 

— 

A 8 

i/o 6 

— 

A 7 

l/0 7 

— 

a 8 

I/O, 

— 

Ag 

MATCH 



A io 

An 

Reset 

— 

A, 2 

CS 



CS 



WE 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT7174S CMOS STATIC RAM 
64K (8K x 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7174S 

MIN. TYP. f 1 ’ MAX. 

UNIT 

i g 

Input Leakage Current 

V cc = Max., V| N = GND to V cc 

MIL. 

COM'L. 

10 

- - 5 

M-A 

— 

Output Leakage Current* 2 ’ 

Vcc = Max. 

CS = V IH ,V 0UT = GND to V cc 

MIL. 

COM'L. 

- - 10 

- - 5 

M-A 

V OL 

Output Low Voltage 

l 01 = 18mA MATCH 

MIL. 

0.5 

V 

l 0L = 22mA MATCH 

COM'L. 

0.5 

V 


0.5 

V 

Iol = 8mA, Vcc = Min. (All outputs except MATCH) 

0.4 

V 

V OH 

Output High Voltage 

I 0 h = -4mA, V cc = Min. 

(Except MATCH) 

2.4 

V 


NOTES: 

1. Typical limits are at V cc = 5.0V, +25°C ambient. 

2. Data and MATCH 


DC ELECTRICAL CHARACTERISTICS (1) 


V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

IDT7174S35 

COM’L MIL. 

IDT7174S45 

COM’L. MIL 

IDT7174S55 

COM’L MIL 

UNIT 

’cci 

Operating Power Supply Current Outputs Open, 

V cc = Max., f = 0 

110 

110 125 

125 

mA 

*CC2 

Dynamic Operating Current Outputs Open, 

V C c= Max., f = fMax 

150 

140 150 

145 

mA 


NOTE: 

1 . All values are maximum guaranteed values. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 & 3 


5V 


DATAr 


255fl * 


480n 
4= 30pF 


5V 


DATA 



4800 

5pF* 


MATCH 


i Rl 

i 30pF 


w 

R u = 200O (COM’L.) 
= 2700 (MIL.) 


Figure 1. Output Load Figure 2. Output Load 

(for t CLZ t 0L2 ,t CHZ ,t 0HZ , 
*ow>fwHz) 


Figure 3. Output Load for MATCH 


* Including scope and jig 
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IDT7174S CMOS STATIC RAM 
64K (8K X 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 




Figure 4. Example of Cache Memory System Block Diagram 

NOTES: 

1. For more information, see application note AN-07 “Cache-Tag RAM Chips Simplify Cache Memory Design". 

2. R L = 2000 (commercial) or 2700 (military) 


AC ELECTRICAL CHARACTERISTICS Wcc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7174S35 <»> 

MIN. MAX. 

IDT7174S45 

MIN. MAX. 

IDT7174S55 < 2 > 

MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

*cw 

Chip Select to End of Write 

20 

- 

25 

- 

30 

- 

ns 

l AW 

Address Valid to End of Write 

30 

- 

40 

- 

50 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 

HS9H 

Write Pulse Width 

30 

- 

40 

- 

50 

- 

ns 

*WR 

Write Recovery Time (CS, WE) 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write Enable to Output in High Z (3 > 

- 

15 

- 

20 

- 

25 

ns 

*DW 

Data to Write Time Overlap 

15 

- 

20 

- 

25 

- 

ns 

l DH 

Data Hold From Write Time 

2 

- 

2 

- 

2 

- 

ns 

*ow 

Output Active from End of Write (3) 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed but not tested. 
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1DT7174S CMOS STATIC RAM 

64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 {1) 


ADDRESS ^ 

■» t wc 

< ) 

< 





OE /// ? 

l 

■* tew ► 

V 

^ — t W R< 3 > 


WWV 7 


//// 

*AS ► 

^ t.,.. ^ 


-e- t WR (3) 



t 0 HZ < 4 ’ 9 > 

DATA™ „ \ X \ > 

“S 

rvw\ z 



f* ■■ ► r* t WP < 2 ) ► 



/ / / / 7 

DATA in 

y/y | 

*• — t DW — •> 

^ . t dh ► 


data in )(XXXX 




TIMING WAVEFORM OF WRITE CYCLE NO. 2 (, 6) 



NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (t W p ) of a low WE and a low C5. 

3. t WR is measured from the earlier of ^3 or WE going high to the end of the write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

5. If the E5 low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 

6. OE is continuously low (OE = Vu. ). 

7. DATA out is the same phase of write data of this write cycle. 

8. If CS - is low during this period, I/O pins are in the output state. Data input signals of opposite phase to the outputs must not be applied to them. 

9. Transition is measured ±200mV from steady state. 
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IDT7174S CMOS STATIC RAM 
64K (8K x 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS <V C c = 5.0V ±10%. All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7174S35 0) 

MIN. MAX. 

IDT7174S45 

MIN. MAX. 

IDT7174S55 < 2 > 

MIN. MAX. 

UNIT 

MATCH 

*ADM 

Address to MATCH Valid 

- 

37 

- 

45 

- 

55 

ns 

*CSM 

Chip Select to MATCH Valid 

- 

20 

- 

25 

- 

30 

ns 

*CSMHI 

Chip Deselect to MATCH High 

- 

20 

- 

25 

- 

30 

ns 

*DAM 

Data Input to MATCH Valid 

- 

28 

- 

1 * 35 

- 

45 

ns 


OE Low to MATCH High 

- 

25 

- 

35 

- 

45 

ns 

mm 

OE High to MATCH Valid 

- 

25 

- 

35 

- 

45 

ns 

'wEMHI 

WE Low to MATCH High 

- 

25 

- 

35 

- 

45 

ns 

*WEM 

WE High to MATCH Valid 

- 

25 

- 

35 

- 

45 

ns 

'rsmhi 

RESET Low to MATCH High 

- 

25 

- 

35 

- 

45 

ns 

*mha 

MATCH Valid Hold From Address 

5 

- 

5 

- 

5 

- 

ns 

'mho 

MATCH Valid Hold From Data 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 1 25°C temperature range only. 


MATCH TIMING 


ADDRESS Y ^ 

h 

“ l ADM *■ 

p l MHA ► 


® \\\\\\\\ 

X CSM 





p tcSMHI •> 

51 LLL / / / / f 




4 

1 t OEM 

r^-^oEMHi -*• 


wr /////// TTJ 

'EM ► 


*w 

[-« twEMHI ► 

- 

RESET 

\_ 

) *RSMHI — ► 

DATA VALID READ DATA out ) 

( VALID MATCH DATA, n ) 1 


*DAM 

•*— *MHD ► 

MATCH 

MATCH \ 

( MATCH VALID ^ 

/ 


NO MATCH 










































































IDT7174S CMOS STATIC RAM 

64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7174S35 0> 

MIN. MAX. 

IDT7174S45 

MIN. MAX. 

IDT7174S55 < 2 > 

MIN. MAX. 

UNIT 

| RESET | 

l RSPW 

RESET Pulse Width (3) 

65 

80 

100 

ns 

*RSRC 

RESET High to WE Low 

5 

10 

10 

ns 


NOTES: 

1. 0°Cto +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. Recommended duty cycle 10% maximum. 





CAPACITANCE 0 ' (t a = + 25 °c, f = i.omhz) 


SYMBOL 

PARAMETER P) 

CONDITIONS 

MAX. 

C IN 

Input Capacitance 

V,N=°V 

8 

C OUT 

Output Capacitance 

^OUT = 0V 

8 


NOTE: 

1. This parameter is determined by device characterization, but is not 
production tested. 


TRUTH TABLE 

I WE I CS I OE I RESET I MATCH I I/O 


I/O FUNCTION 

- Reset all bits to low 

High Z Deselect chip 
D in No MATCH 

D, n MATCH ~ 

Dqjjj Read 
D,m Write 


IDT7174 

5V 

IDT7174 

RESET 

IKH-IOKn ^ 


RESET 


Driving the RESET pin with CMOS logic. 


Bipolar Gate 

Driving the RESET pin with bipolar logic. 


Figure 4. 
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IDT7174S CMOS STATIC RAM 
64K (8K x 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7174S35 

MIN. MAX. 

IDT7174S45 

MIN. MAX. 

IDT7174S55 (2) 

MIN. MAX. 

UNIT 

READ CYCLE 

l RC 

Read Cycle Time 

35 

- 

45 

- 

. 55 

- 

ns 

*AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

ns 

Ucs 

Chip Select Access Time 

- 

20 

25 

- 

30 

ns 

l CLZ 

Chip Select to Output in Low Z 

0 

- 

0 

- 

0 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

20 

- 

25 

- 

30 

ns 

l OLZ 

Output Enable to Output in Low Z ( 3 ) 

0 

- 

0 

- 

0 

' - 

ns 

^CHZ 

Chip Select to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

ns 

*OHZ 

Output Disable to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 

1. 0°Cto + 70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed but not tested. 


































































IDT7174S CMOS STATIC RAM 
64K (8K x 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 m 



TIMING WAVEFORM OF READ CYCLE NO. 2 < 1 - 2 * 4) 


ADDRESS 


DATAquj 


) 

-* *RC H 

( — ~i 

cz= 


f AA 

n *OH 



■* ^OH ► 


a 

m 

( 5 

L 


TIMING WAVEFORM OF READ CYCLE NO. 3 (1 ’ 3 ’ 4) 


C3 


DATAqut 



NOTES: 

1 . WE is High for Read Cycle. 

2. Device is continuously selected, C3 = V| L . 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V IL 

5. Transition is measured ±200mV from steady state. 
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IDT7174S CMOS STATIC RAM 
64 K (8KX 8-BIT) CACHE-TAG RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


Device Type Power Speed Package Process/ 

J I I I Temperature 

Range 



Commercial (0°Cto +-70°C) 

Military (-55°C to + 125°C) 
Compliant to MIL-STD-883, Class B, 
Method 5004 


p 

Plastic DIP 

TC 

THINDIP (Sidebraze) 

D 

CERDIP 

J 

Plastic Leaded Chip Carrier 

L 

Leadless Chip Carrier 

SO 

Small Outline 1C 

35 

Commercial Only ' 

45 

Speed 

55 

Military Only 

S 

Standard Power 

7174 

64 K (8K x 8-Bit) Cache-Tag 1 
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FEATURES: 

• High-speed asynchronous RAM clear on Pin 1 (clears all RAM 
bits to 0, reset cycle time = 2 x Iaa) 

• High-speed address access time 

— Military: 35/45/55ns (max.) 

— Commercial: 30/35/45/55ns (max.) 

• High-speed chip select (CSi) time 

— Military: 20/25/30/35ns (max.) 

— Commercial: 15/20/25/30ns (max.) 

• Low-power operation 

— IDT7165S 

Active: 300mW (typ.) 

Standby: lOOpW (typ.) 

— IDT7165L 
Active:250mW (typ.) 

Standby: 30p.W (typ.) 

• Battery backup operation— 2V data retention voltage 
(IDT7165L only) 

• Produced with CEMOS ™ high-performance technology 

• Single 5V(± 10%) power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Standard 28-pin, 600 mil DIP, 300 mil DIP, 28-pin SOIC, 32-pin 
LCC and PLCC 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7165 is a high-spee d 65,536 -bit static RAM, organized 
8K x 8, with reset function. The RESET pin provides a single RAM 
clear control which clears all words in the internal RAM to zero 
when activated. This allows the memory bits for all locations to be 
cleared at power-on or system reset, or for a fast clear to be avail- 
able to graphics, histogramming and other designs where a byte- 
by-byte RAM clear would cause noticeable system speed 
degradation. 

This product Is fabricated using IDT’s high-performance, high- 
reliability CEMOS technology. Address access time of 30ns and 
chip select (CSi) time of 15ns are available with maximum power 
consumption of only 770mW. This circuit also offers a reduced 
power standby mode. When CS 2 goes low, the circuit will auto- 
matically go to and remain in a low-power standby mode. In the full 
standby mode, the low-power device typically consumes less than 
30(i W . The low-power (L) version also offers a battery backup data 
retention capability where the circuit typically consumes only 
10 |aW operating from a 2V battery. 

All inputs and outputs of the IDT7165 are TTL-compatible and 
the device operates from a single 5V supply, simplifying system 
designs. Fully static asynchronous circuitry is used, so no clocks 
or refreshing operation is required.' 

The IDT7165 is packaged in a 28-pin 300 or 600 mil DIP, 28-pin 
SOIC, and 32-pin LCC and PLCC, providing high board level 
densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
the military temperature applications which require instant de- 
struction of sensitive RAM data and demand the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology, Inc. DSC-1021/- 
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IDT7165S/IDT7165L CMOS STATIC RAM 64K(8Kx 8-BIT) . MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


WEET 

A 12 

A 7 

A 6 

A 5 

a 4 

A 3 

a 3 

A, 

A 0 

I/O, 

l/0 2 

l/0 3 

GND 


D 
C 2 
C 3 
C 4 
C 5 

C 8 

C 7 

C 8 

C 9 

C 10 
C 11 
C 12 
C 13 
C 14 


■^ 7 - 


P28-1, 

C28-1, 

D28-1 

& 

S028-3 


□ v cc 

□ WE- 

□ CS 2 

□ A, 

□ Ag 

□ A,, 

□ OE 

□ A 10 

□ C5, 

□ l/0 8 

□ l/0 7 

□ l/0 6 

□ l/0 5 

□ I/O, 


DIP/SOIC 
TOP VIEW 


LOGIC SYMBOL 




LCC/PLCC 
TOP VIEW 



PIN NAMES 


Ao-12 

Address 

WE 

Write Enable 

I/O 1-8 

Data Input/Output 

OE 

Output Enable 

CSi . cs 2 

Chip Select 

GND 

Ground 

RESET 

Memory Reset 

v cc 

Power 


ABSOLUTE MAXIMUM RATINGS 01 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 

specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 0) 

2.2 

- 

6.0 

V 

V IHR 

RESET Input High 
Voltage 

2.5< 2 > 

- 

6.0 

V 

V„ 

Input Low Voltage 

-0.5<3> 

- 

0.8 

V 


NOTES: 


1. All inputs except RESET. 

2. When using bipolar devices to drive the RESET input, a pullup resistor 
of IkO-IOkfl is usually required to assure this voltage. 

3. V IL (min.) = -3.0V for pulse width less than 20ns. 
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IDT7165S/IDT7165L CMOS STATIC RAM 64K (8K x 8-BIT) 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

RECOMMENDED OPERATING 

TEMPERATURE AND SUPPLY VOLTAGE 


















IDT7165S/IDT7165L CMOS STATIC RAM 64K (8Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7165S 

MIN. TYP.O) MAX. 

IDT7165L 

MIN. TYP.O) MAX. 

UNIT 

mm 

Input Leakage Current 

l l 

MIL. 

COM’L. 

10 

- - 5 

5 

- - 2 

|±A 

I'loI 

Output Leakage Current 

Vcc= Max. 

CS — V| H , Vqut = GND to Vqq 

MIL. 

COM’L. 

10 

- - 5 

- 5 

- - 2 

P-A 

V OL 

Output Low Voltage 

l 0L = 10mA, V cc = Min. 

0.5 

0.5 

V 

Iol = 8mA, Vcc = Min. 

0.4 

0.4 

V 

1— 

Output High Voltage 

Ioh = -4mA, V cc = Min. 

2.4 

2.4 

V 


NOTE: 

1 . Typical limits are at Vcc = 5.0V, + 25° C ambient. 


DC ELECTRICAL CHARACTERISTICS (1) 

V cc = 5.0V ±10%, V LC = 0.2V, V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

POWER 

IDT7165S/L30 

IDT7165S/L35 

IDT7165S/L45 

IDT7165S/L55 

UNIT 

COM’L. 

MIL. 

COM’L. 

MIL. 

COM’L. 

MIL 

COM’L 

MIL 

Icci I 2 ) 

Operating Power Supply Current 
Outputs Open, 

V cc = Max., f = 0 

S 

90 

- 

90 

100 

90 

100 

90 

100 

mA 

L 

80 

- 

80 

90 

80 

90 

80 

90 

bc2 (2) 

Dynamic Operating Current 

Outputs Open, 
v cc = Max., f = f MAX 

S 

160 

- 

150 

160 

150 

160 

150 

160 

mA 

L 

140 

- 

130 

140 

120 

130 

115 

125 

■ 

Standby Power Supply Current 
(TTL Level) CSi >V, H , 

S 

20 

- 

20 

20 

20 

20 

20 

20 

mA 

CS 2 <V| L , and RESET > V IH 
\fcc = Max.. Outputs Open 

L 

3 

- 

3 

5 

3 

5 

3 

5 

n 

Full Standby Power Supply 

Current (CMOS Level) 

S 

15 

- 

15 

20 

15 

20 

15 

20 

mA 

CS 2 < V LC and RESET > V HC . 

Vqc = Max. 

L 

0.2 

- 

0.2 

1 

0.2 

1 

0.2 

1 


NOTES: 

1 . All values are maximum guaranteed values. 

2. CS 2 = V| H 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 


(L Version Only) V LC = 0,2V, V HC = Vcc~ 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP.W 

MAX. 

UNIT 

V C c @ 
2.0V 3.0V 

V C c @ 
2.0V 3.0V 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

V 

m 

Data Retention Current 

CS 2 < V LC and 

MIL. 

- 

10 15 

200 300 

pA 

COM’L. 

- 

10 15 

60 90 

tcDR* 3 ' 

Chip Deselect to Data Retention Time 

RESET > V HC 

0 

- 

- 

ns 

V 3 > 

Operation Recovery Time 

*rc (2) 

- 

- 

ns 

ll U l (3) 

Input Leakage Current 


- 

- 

2 

PA 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 
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I DT7 1 65S/I DT7 1 65L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


LOW V cc DATA RETENTION WAVEFORM 


cs, 



DATA out ■ 


2550- 


5V 

4800 
± 30pF* 


DATA out ■ 


2550- 


5V 

<“ 4800 
T 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for tcLZI, fcL22, foLZ, ^CHZI, fcHZ2, 
*OHZ, 'OW.'WHZ) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS Oko = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7165S30 0) 
IDT7165L30 W 
MIN. MAX. 

IDT7165S35 
IDT7165L35 
MIN. MAX. 

IDT7165S45 

IDT7165L45 

MIN. MAX. 

IDT7165S55 
IDT7165L55 
MIN. MAX. 

UNIT 

READ CYCLE 


*RC 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*AA 

Address Access Time 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

*ACS1 

Chip Select-1 Access Time (2) 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*ACS2 

Chip Select-2 Access Time (2) 

- 

35 

- 

40 

- 

45 

55 

ns 

VlZI 

Chip Select-1 to Output in Low Z (3 > 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

VlZ2 

Chip Select-2 to Output in Low Z (3) 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

l OLZ 

Output Enable to Output in Low Z (3 ' 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

VhZI 

Chip Select-1 to Output in High Z < 3 ) 

- 

15 

- 

15 

- 

20 

- 

25 

ns 

*CHZ2 

Chip Select-2 to Output in High Z (3) 

- 

15 

- 

15 

- 

20 

- 

25 

ns 

VhZ 

Output Disable to Output in High Z ( 3 > 

- 

15 

- 

15 

- 

20 

- 

25 

ns 

*OH 

Output Hold from Address Change 

5 

■ - 

5 

- 

5 

- 

5 

- 

ns 

fpu 

Chip Select to Power Up Time! 3 ) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

Vo 

Chip Select to Power Down Time (3) 

- 

30 

- 

35 

- 

45 

- 

55 

ns 


NOTES: 

1. 0°Cto +70°C temperature range only. 

2. Both chip selects must be active for the device to be selected. 

3. This parameter is guaranteed but not tested. 
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IDT7165S/IDT7165L CMOS STATIC RAM 64K (8K X 8-BIT) 
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IDT7165S/IDT7165L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT7165S30 fl> 
IDT7165L30 <D 
MIN. MAX. 

IDT7165S35 

IDT7165L35 

MIN. MAX. 

IDT7165S45 

IDT7165L45 

MIN. MAX. 

IDT7165S55 

IDT7165L55 

MIN. MAX. 

UNIT 

WRITE CYCLE 


*wc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*CW1 

Chip Select-1 to End of Write 

20 

- 

20 

- 

25 

- 

30 

- 

ns 

*CW2 

Chip Select-2 to End of Write 

25 

- 

30 

- 

40 

- 

50 

- 

ns 

*AW 

Address Valid to End of Write 

25 

- 

30 


40 

- 

50 

- 

ns 

^AS 

Address Setup Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

W 

Write Pulse Width 

25 

- 

30 

- 

40 

- 

50 

- 

ns 

*WR1 


0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WR2 

Write Recovery Time (CS 2 ) 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'WHZ 

Write Enable to Output In High Z (2) 

- 

12 

- 

15 

- 

20 

- 

25 

ns 

l DW 

Data to Write Time Overlap 

13 

- 

15 

- 

20 

- 

25 

- 

ns 

l 0H1 

Data Hold From Write Time {CS , ) 

3 

- 

3 

- 

3 

- 

3 

- 

ns 

*DH2 

Data Hold From Write Time (CS 2 ) 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OW 

Output Active from End of Write (2) 

5 

- 

5 


5 .. 

- 

5 

- 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. This parameter is guaranteed but not tested. 
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IDT7165S/IDT7165L CMOS STATIC RAM 64K (8Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 m 


ADDRESS ^ 

■* *WC ► 

i 

( 





OE /// 7 

7 


\ 

A\\\ 

twR2< 3) 

cs * /// 

7 7~7~7~? 

•* *CW ► 

\\ 

\ W\ 




t WR1 (3) 

CS, \\\ 

\ XXX! 

s! z 

r 7~7 7~7 7 

l AS — ** 

t AW *- 


t 0HZ < 4 ' 9 > 

DATA„. \ \ \ > 

z 

fZZ7 

p ► r" * wp (2) 


/////// A 

■* — *DW 

•* l DH ► 


ATAIN )0(XXX 




TIMING WAVEFORM OF WRITE CYCLE NO. 2 


ADDRESS 


CS 2 


CSi 


We 


data out 

data, n 




ZZZZZ23 7 


X 


^Y \\W 


t W R2 (3 > 


t W Ri (3) 




itT /r//, 


^ r\xw 




->>>>>>>>>> ¥ ¥¥¥* 


C 


VALID DATA IN 


< 




NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low WE, a low CS, and a high CS 2 . 

3 - 1 wri,2 is measured from the earlier of CSi or WE going high or CS 2 going low to the end of the write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

5. If the CS, low transition or CS 2 high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a 
high impedance state. 

6. OE is continuously low (OE = V (L ). 

7. DATA out is the same phase of write data of this write cycle. 

8. If OS’, is low and CS 2 is high during this period, I/O pins are in the output state. Data input signals of opposite phase to the outputs 
must not be applied to them. 

9. Transition is measured ±200mV from steady state. 



IDT7165S/IDT7165L CMOS STATIC RAM 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5.0V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

iDTZiesssow 
IDT7165L30W 
MIN. MAX. 

IDT7165S35 
IDT7165L35 
MIN. MAX. 

IDT7165S45 

IDT7165L45 

MIN. MAX. 

IDT7165S55 
IDT7165L55 
MIN. MAX. 

UNIT 

RESET 


l RSPW 

Reset Pulse Width ( 2 > 

55 

65 

80 

100 

ns 

l RSRC 

Reset High to WE Low 

5 

5 

10 

10 

ns 


NOTES: 

1. 0°C to + 70°C temperature range only. 

2. Recommended duty cycle = 10% maximum. 


RESET TIMING 


RESET 










1 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER^) 

CONDITIONS 

MAX 


C IN 

Input Capacitance 

v,N=ov 

8 


C OUT 

Output Capacitance 

^OUT= 0V 

8 

LelJ 


NOTE: 


1 . This parameter is determined by device characterization, but is not pro- 

duction tested. 


TRUTH TABLE 

(V LC = 0.2V, V HC = V cc - 0.2V) 


WE 

CS, 

CS 2 

61 

RESET 

I/O 

FUNCTION 

X 

X 

X 

X 

L 

- 

Reset all bits to low 

X 

H 

X 

X 

H 

Z 

Deselect chip 

X 

X 

L 

X 

H 

z 

Deselect power down! 1 ) 

X 

Vhc 

X 

X 

H 

z 

Deselect chip 

X 

X 

Vlc 

X 

V HC 

z 

CMOS deselect 
power down 0) 

H 

L 

H 

H 

H 

z 

Output disable 

H 

L 

H 

L 

H 

Dout 

Read 

L 

L 

H 

X 

H 

Din 

Write 


NOTE: 

1 . CS 2 will power down CS 1 , but CSi will not power down CS 2 . 



Driving the RESET pin with CMOS logic. 



Driving the RESET pin with bipolar logic. 


Figure 3. 
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IDT7 1 65S/I DT71 65L CMOS STATIC RAM 64K (8Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDT 


XXXX 


999 


Device Type Power Speed Package Process/ 




Temperature 

Range 










1 


Blank 

B 


P 

TC 

D 

SO 

J 

L 

30 

35 

45 

55 

L 

S 


Commercial (0°C1o + 70°C) 

Military (-55°C to +125°C) 

Compliant to MIL-STD-883, Class B, 

Method 5004 

Plastic DIP 
THINDIP (Sidebraze) 

CERD1P 
Small Outline 1C 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 

Commercial Only | 

> Speed in Nanoseconds 


Low Power 
Standard Power 


64 K (8K x 8-Bit) Static RAM 




Integrated Device Technology. Inc. 


CMOS RESETTABLE RAM 
WITH CMOS I/O LEVELS 
64K (8K x 8-BIT) 


IDT71C65S 

IDT71C65L 


FEATURES: 

• Input and output directly CMOS-compatible 

• High-speed (equal access and cycle time) 

— Military: 35/45/55ns (max.) 

— Commercial: 30/35/45ns (max.) 

• Low-power operation 

- IDT71C65S 
Active: 300mW (typ.) 

Standby: IOOjxW (typ.) 

- IDT71C65L 
Active: 250mW (typ.) 

Standby: 30 (typ.) 

• Battery backup operation -2V data retention (L version only) 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Single 5V(±10%) power supply 

• Static operation: no clocks or refresh required 

• Available in standard 28-pin, 300 mil THIND1P; 28-pin, 600 mil 
plastic DIP; 28-pin SOIC and 32-pin LCC 

• Three-state outputs 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71C65 is a 65,536-bit high-speed static RAM organized 
as 8K x 8. Inputs and outputs are compatible with industry stan- 
dard CMOS input and output voltage levels. 

This product is fabricated using IDT’s high-performance, high- 
reliabiiity CEMOS technology. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides a 
cost-effective alternative to bipolar and fast NMOS memories. An 
address access time of 30ns andachipselect(CSi)time of 15ns 
are available with typical power consumption of only 250mW. This 
circuit also offers a reduced power standby mode. In the full 
standby mode, the low-power device consumes less than 30pW 
typically. The low-power (L) version also offers a battery backup 
data retention capability where the circuit typically consumes only 
80pW operation off a 2 V battery. 

All inputs and outputs of the IDT71C65 are CMOS-compatible 
and operation is from a single 5V supply, simplifying system de- 
signs. Fully static asynchronous circuitry is used, requiring no 
clocks or refreshing for operation, and providing equal access and 
cycle times for ease of use. 

The IDT71C65 is packaged in a 28-pin, 300 mil THINDIP; 600 
mil plastic DIP; a 32-pin LCC and a 28-pin SOIC, providing high 
board level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


LOGIC SYMBOL FUNCTIONAL BLOCK DIAGRAM 



C5, CS 2 WE UE RESET 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 
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IDT71C65S/IDT71C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) 


PIN CONFIGURATIONS 


RESET II ' 
A 12 C 2 
A 7 C* 

Ae C ' 

a 5 C« 
a 4 C < 

A3 c < 
A 2 L t 
A) II f 
A 0 C 1 
i/o, c 1 
i/o 2 c • 
i/o 3 c 

GND C . 


24 

P28-1, 23 
C28-1 22 
& 21 

S028-3 

20 

is 


Vcc 

WE 

CSz 

A 8 
Ag 

A ii 

GE 

A, 0 

□ C5, 

1 □ l/0 8 
1 □ l/0 7 

□ l/0 6 

□ l/0 5 

□ l/0 4 


DIP/SOIC 
TOP VIEW 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



A 8 

Ag 

A 11 

NC 

CE 

A 10 

C3, 

l/0 8 

l/0 7 


top^vSew 




ABSOLUTE MAXIMUM RATINGS {1> 



RATING 

COMMERCIAL 

MILITARY 

1THT71 

V TERM 

Terminal Voltage 
with Respect to 
GND< 1 2 ' 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

2. All inputs and V cc pin. Data pins I/O, - 1/0 8 must not be taken above 
Vcc + 1.0V. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


MSM 

Supply Voltage 

4.5 

5.0 

5.5 

WM 

GND 

Supply Voltage 

0 

0 

0 

V 

V 1H 

Input High Voltage 

70% of Vq C 

- 

5.5( 2 ) 

mm 

■n 

Input Low Voltage 

- 0 . 5 W 

- 

30%ofV cc 

■■ 


NOTES: 

1. V|[_ (min.) = -3.0V for pulse width less than 20ns. 

2. If V| H = 5.5V, Vcc = 4.5V, there is risk of latch up. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


* 
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I DT7 1 C65S/1 DT71 C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Vcc = S.OV ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT71C65S 

MIN. MAX. 

IDT71C65L 

MIN. MAX. 

UNIT 

i g 

Input Leakage Current 

Vcc = Max- Vin = GND to Vcc 

MIL. 

COM’L. 

10 

5 

5 

2 

M-A 

| 

Output Leakage Current 

V cc = Max. 

CS , = \^n , V 0 ux = GND to Vcc 

MIL 

COM’L 

10 

5 

5 

2 

M-A 


Output Low Voltage 

I 0 l = 50jjA, Vcc = Min. 

I 0 l = 8mA, Vcc = Min. 

Iol = 10mA, Vcc = Min. 


0.1 

0.1 


MIL 

0.44 

0.44 

agrsjj 


0.5 

0.5 


VOH 

Output High Voltage 

l 0H = -50pA, Vfcc = 4.5V 
l 0H = -8mA, \fcc - 4.5V 
l 0H = -6mA, \fcc = 4.5V 


4.4 

4.4 

I 

COM’L. 

3.7 

3.7 


MIL 

3.8 

3.8 



DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V ±10%, V LC = 0.2V, V HC = Vcc -0.2V, V, H = V CC -0.8V, V, L = 0.8V 


SYMBOL 

PARAMETER 

POWER 

IDT71C65S30 
IDT71C65L30 
COM’L MIL 

IDT71C65S35 
IDT71C65L35 
COM’L MIL. 

IDT71C65S45 
IDT71C65L45 
COM’L MIL 

IDT71C65S55 
IDT71C65L55 
COM’L MIL 

UNIT 

icci I 2 ) 

Operating Power Supply Current 

S 

95 

- 

95 

105 

95 

105 

- 

105 

mA 

V cc = Max., f = 0< 3 > 

L 

85 

- 

85 

95 

85 

95 

- 

95 

lcC2 (2) 

Dynamic Operating Current 

S 

160 

- 

160 

170 

160 

170 

- 

170 

mA 

Outputs Open. Vcc = Max., f = f MAX < 3 ) 

L 

135 

- 

125 

135 

115 

125 

- 

120 

m 

Standby Power Supply Current 

1) CS 2 ^ Vj|_, and RHSHT ^ V/j^ ,f — f max^ 

S 

20 

- 

20 

20 

20 

20 

- 

20 

mA 

B 

2) C5i > V| H ,V CC = Max.. Outputs Open, 
CS 2 > V, H . f = f MA X< 3 )' RESET > V| H 

n 

3 

- 

3 

5 

3 

5 

- 

5 

D 

Full Standby Power Supply Current 

1) CS 2 < V LC . RESET > v HC , f = 0< 3 > 

s 

15 

- 

15 

20 

15 

20 

- 

20 

mA 

2) CS, 5 V HC , CS 2 > V HC , RESET > V HC 
f = 0< 3 » 

n 

0.2 

0.2 

1 

0.2 

1 

- 

1 


NOTES: 

1. All values are maximum guaranteed values. 

2. CS 2 =>fa.C5i= V il 

3. At f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 
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IDT71C65S/IDT71C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 


(L Version Only) V LC = 0.2V, V HC = Vcc - 0-2V 







TYP.* 1 ’ 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc 

2.0V 

@ 

3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

- 

- 

V 

■n 

Data Retention Current 


MIL. 

- 

10 

15 

200 

300 

M-A 

9B 

1) RESET > V HC , C5, > V HC , 

COM'L. 

- 

10 

15 

60 

90 

*CDR 

Chip Deselect to Data Retention Time 

CS 2 > Vhc 

2) CS 2 < V|_ c , RESET > v HC 


0 

- 

- 

- 

- 

ns 


Operation Recovery Time 


*RC (2 ’ 

- 

- 

- 

- 

ns 

■■ 

Input Leakage Current* 3 ’ 



- 

- 

- 

2 

M-A 


NOTES: 

1. T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 

4. During data retention all I/O pins have to be < V LC or > V HC but < V C c- 



LOW V cc DATA RETENTION WAVEFORM 


Nfcc 

cs. 


tcDR 


uhhf 


DATA RETENTION MODE 



Vdr S 2V 



VoR 

i 


4.5V 

«- ta ■ 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to Vcc 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

2.5V 

Output Reference Levels 

2.5 V 

Output Load 

See Figures 1 and 2 


5V 


5V 


DATAqut 


DATA out 


i 30pF* 


T 5 P F* 


Figure 1. Output Load Figure 2. Output Load 

(for tcLZI, tcLZ2, foLZ, *CHZ1, fcHZ2, 
foHZ, *OW,fwHz) 

* Including scope and jig. 
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IDT71C65S/IDT71C65L CMOS RESETTABLE 

RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (\fcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

iDTTicessaod) 
IDTTICSSLSOW 
MIN. MAX. 

IDT71C65S35 
IDT71C65L35 
MIN. MAX. 

IDT71C65S45 

IDT71C65L45 

MIN. MAX. 

IDT71C65S55( 4 > 
IDT71C65L55< 4 > 
MIN. MAX. 

UNIT 

READ CYCLE 


l RC 

Read Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*AA 

Address Access Time 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

l ACS1 

Chip Select 1 Access Time< 2 > 

- 

20 

25 

- 

35 

- 

40 

ns 

l ACS2 

Chip Select 2 Access Time <2) 

- 

35 

- 

40 

- 

45 

- 

55 

ns 

l CLZ1 

Chip Select 1 to Output in Low Z (3) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*CLZ2 

Chip Select 2 to Output in Low Z <3) 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

20 

- 

25 

- 

35 

- 

40 

ns 

l OLZ 

Output Enable to Output in Low Z <3) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*CHZ1 

Chip Select 1 to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*CHZ2 

Chip Select 2 to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

l OHZ 

Output Disable to Output in High Z (3) 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*0H 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l PU 

Chip Select to Power Up Time < 3 > 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l PD 

Chip Deselect to Power Down Time (3) 

- 

30 

- 

35 

- 

45 

- 

55 

ns 


NOTES: 

1. 0°Cto +70°C temperature range only. 

2. Both chip selects must be active for the device to be selected. 

3. This parameter is guaranteed but not tested. 

4. -55°Cto +125°C temperature range only. 
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IDT71C65S/IDT71C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) 









IDT71 C65S/IDT71 C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Sec = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71 0658300) 
IDT71C65L30 0) 
MIN. MAX. 

IDT71C65S35 
IDT71C65L35 
MIN. MAX. 

IDT71C65S45 

IDT71C65L45 

MIN. MAX. 

IDT71C65S55P) 
IDT71C65L55 < 2 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

l wc 

Write Cycle Time 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*CW1 

Chip Select 1 to End of Write 

20 

- 

20 

- 

25 

- 

30 

- 

ns 

*CW2 

Chip Select 2 to End of Write 

25 

- 

30 

- 

40 

- 

50 

- 

ns 

l AW 

Address Valid to End of Write 

25 

- 

30 

- 

40 

- 

50 

- 

ns 

Us 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WP 

Write Pulse Width 

25 

- 

30 

- 

40 

- 

50 

- 

ns 

l WR1 

Write Recovery Time (C5i, WE) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WR2 

Write Recovery Time (CS 2 ) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write Enable to Output In High Z (3) 

- 

10 

- 

12 

- 

15 

- 

20 

ns 


Data to Write Time Overlap 

15 

- 

18 

- 

25 

- 

30 

- 

ns 

'dhi 

Data Hold From Write Time (CS, , WE) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

t DH2 

Data Hold From Write Time (CS 2 ) 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tow 

Output Active from End of Write < 3 > 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTES: 


1. 0°Cto +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter is guaranteed but not tested. 
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IDT71C65S/IDT71C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K (8Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 m 


ADDRESS ^ 

*WC *• 

{ ) 

( 




* '//? 

1 


•*- l WR 2 (3) -* 

AW 

CS, 777 - 

'////-, 

l \ 

X_W 

\TTV 



•* l CW *■ 

(5) 


t W R1< 3 ) 

=*■ v\V 

\WXX: 

^ZZ 

//// 

-► 

*AS t - *" 

' *AW *■ 



WE 

DATA nllT : \ \ \ 


^ 7 

L / / / 

/ 

k" W 

uvu 


h — w< 2 > — * 


: u 1 zjol u 


^DW *■ 

* ^DH, — * 


DATA... 

A/ HATA 

VALID ^ 

(XXXXX 

,N 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (16) 


ADDRESS 


CS; 




2Z 


CS, 


We 






777777 


XXXXXX 


5 SXXXXX 


zfZTZZZZ 




t wp (2). 


DATA r 


DATA„ 


>>>>>>>>>>>> * 


t (4,9) 
l WHZ 


/ 


t W R2< 3 > 




toww- 


c 


DATA... VALID 




NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low CS,and a high CS 2 . 

3. t WR1 2 is measured from the earlier of CS, or WE going high or CS 2 going low to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals must not be applied. 

5. If the CEi low transition or CS 2 high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high 
impedance state. 

6. CE is continuously low {(5E = V| L ). 

7. DATA out is the same phase of write data of this write cycle. 

8. If CS, is low and CS 2 is high during this period, I/O pins are in the output state. Data input signals must not be applied. 

9. Transition is measured ±200mV from steady state. 




IDT71C65S/IDT71C65L CMOS RESETTABLE 
RAM WITH CMOS COMPATIBLE I/O 64K <8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc= 5.0 V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71C65S30C 1 ) 
IDT71C65L30* 1 * 
MIN. MAX. 

IDT71C65S35 
IDT71C65L35 
MIN. MAX. 

IDT71C65S45 

IDT71C65L45 

MIN. MAX. 

IDT71C65S55* 2 ) 
IDT71C65L55* 2 * 
MIN. MAX. 

UNIT 

RESET <3) 

l RSPW 

RESET Pulse Width* 4 * 

55 

65 

80 

100 

ns 

*RSR 

RESET High to WE Low 

5 

5 

10 

10 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°Cto + 125°C temperature range only. 

3. A 1 KO pull-up resistor to V cc on the RESET pin is required for added noise immunity. 

4. Maximum 10% duty cycle applies. 


RESET TIMING 




Device Type 
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FEATURES: 

• Internal pipeline registers on Address, Data and control lines 

• Very fast write cycle time 

• High-speed 

— Military: 45ns (max.) 

— Commercial: 35/45ns (max.) 

• Low power consumption: 385mW (typ.) 

• All inputs/outputs TTL-compatible (V<x = 0.4V @ lot. = 8mA) 

• Separate, latched data input and output 

• Three-state output 

• Available in JEDEC standard 24-pin, 300 mil Sidebraze and 
Plastic DIP, 24-pin, 300 mil SOIC and 28-pin LCC 

• Produced with advanced CEMOS ™ high-performance 
technology 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71501 is a high-speed 64K x 1 static RAM synchronized 
with pipeline registers on the Address, Data, Chip Select (CS) and 
Write Enable (WE) pins. This product is designed to assist in the 
design of pipelined processing systems by removing the need for 
external pipeline registers. The internal registers offer speed im- 
provements through higher integration of system functions. 

Read cycle times are as fast as 35ns, with higher speed Output 
Enable (0 E) and Clock to Valid Data Output functions to enable the 
high-speed system designer the maximum throughput possible in 
an efficient large-memory pipelined system. Write cycles are as 
fast as 25ns. Fabricated using IDT’s CEMOS high-performance 
technology, these devices typically operate on 385mW of 
power. 

The IDT71501 is packaged in industry standard 24-pin, 300 mil 
plastic and ceramic DIPs, as well as a 28-pin leadless chip carrier 
(LCC) and a 24-lead, 300 mil gullwing SOIC. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 
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IDT71501S CMOS 

SYNCHRONOUS RAM 64K (64Kx 1-BIT) 


MILITARY AND COMMERCIALTEMPERATURE RANGES 


PIN CONFIGURATIONS 




Al4 

Al3 

A 12 
An 
NC 
Aio 
Ag 
As 
NC 


TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (,) 



RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

H 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pr 

Power Dissipation 

1.0 

1.0 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

0V 

5.0V ± 10% 

Commercial 

0°C to +70°C 

0V 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V C c 

Supply Voltage 

ma 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1 . V |L = -3.0V for pulse width less than 20ns. 


CAPACITANCE (t a = + 25 °c, « = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

| CONDITIONS 

TYP. 

' UNIT 

C|N 

Input Capacitance 

< 

z 

II 

5 

8 

PF 

c oirr 

Output Capacitance 

j v 0 ut= 0V 

8 

PF 


NOTE: 

1 . This parameter Is determined by device characterization but is not 
production tested. 
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IDT71501S CMOS 

SYNCHRONOUS RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = 5.ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT71501S 

MIN. MAX. 

UNIT 

iy 

Input Leakage Current 

V cc = 5.5V, Vn = OVtoVcc 

MIL. 

COM’L. 

10 

5 

jlA 


Output Leakage Current 

CS = V,h,V 0U t= OVtoVcc 

Vcc = Max. 

MIL. 

COM’L. 

10 

5 

|i.A 

*001 

Operating Power Supply Current 

U5 = V, L , Output Open 

Vcc = Max. 

MIL. 

COM’L. 

140 

125 

mA 

*CC2 

Dynamic Operating Current 

Min. Duty Cycle = 100% 

V cc = Max., Output Open 

MIL. 

COM’L. 

140 

125 

mA 

VOL 

Output Low Voltage 

l 0L = 8mA, Vcc = Min. 

0.4 

V 

I 0 l = 10mA, Vcc = Min. 

0.5 

V OH 

Output High Voltage 

Iol = -4mA, Vcc = Min. 

2.4 

V 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


DATA our 


2250 


5 V 

k 4800 
y 30pF* 


DATA out 


2550- 


5V 

^ 4800 
T 5 P F * 


Figure 1. Output Load 


Figure 2. Output Load 
(for t 0LZ ,t 0 Hz) 


'Including scope and jig. 













































IDT71 501 S CMOS 

SYNCHRONOUS RAM 64K (64Kx 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

MIN. 

IDT71501S35 

MAX. 

MIN. 

IDT71501S45 

MAX. 

UNIT 

READ CYCLE 

*CP 

Clock Period (Read Cycle Time) 

35 

- 

45 

- 

ns 

*CH 

Clock High Time 

7 

- 

7 

- 

ns 

tcL 

Clock Low Time 

7 

- 

7 

- 

ns 


Data. Address, WE, CS Set-up Time 

5 

- 

5 

- 

ns 

t H 

. Data, Address, WE, CS Hold Time 

5 

- 

5 

- 

ns 

toLZ 

Output Low Z Time (1 - 2) 


- 

0 

- 

ns 

l OHZ 

Output High Z Time 2 > 

- 

15 

- 

20 

ns 

tpVD 

Prop. Delay, CLK to Valid Data Out 

13 

- 

18 

- 

ns 

tcOL 

Clock to Output in Low Z (2) 

0 

- 

0 

- 

ns 

*COH 

Clock to Output in High Z (2) 

- 

20 

- 

25 

ns 


NOTES: 

1. Transition Is measured ±200mV from low or high Impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 


TIMING WAVEFORM OF READ CYCLE (1) 



NOTE: 

1 . The device must be selected by a CS level for the conditions above to take place. 
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IDT71501S CMOS 

SYNCHRONOUS RAM 64K (64K x 1-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

IDT71501S35 

MIN. MAX. 

IDT71501S45 

MIN. MAX. 

UNIT 

WRITE CYCLE 

l CP 

Clock Period (Write Cycle Time) 

I 25 -1 

35 “I 

ns 


Clock High Time 


Clock Low Time 


Data, Address. WE, CS Set-up Time 


Data, Address, WE, CS Hold Time 


TIMING WAVEFORM OF WRITE CYCLE 




ADDRESS. 
DATA in 



NOTES: 

1 . Either CS or WE can be used to trigger a write cycle, provided that the other signal is low at the same time. 

2. When a write is terminated, either CS or WE must become high at least one t s before the next rising edge of CLK. 


TRUTH TABLE 


INPUT BEFORE CLK J~ _ 
a 0 .,5 CS D, n WE OE 


Read 


Write 


Deselect 


Disable 



AFTER CLK-T 
DouT 


Data 


High Z 


High Z 


High Z 
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IDT71501S CMOS 

SYNCHRONOUS RAM 64K (64K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDT 


xxxx 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

B 


P 

C 

SO 

L 


35 

45 


H s 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP 
Sidebraze DIP 
Small Outline 1C 
LCC 


Commercial Only 
Standard Power 


Speed in Nanoseconds 


^ 71501 


64K (64K x 1-Bit) CMOS Synchronous RAM 
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Integrated Device Technology. Inc. 


51 2K (64K x 8) inforSon 

SYNCHRONOUS STATIC idtt-mpbom 

RAM PLASTIC SIP MODULE 


FEATURES: 

• 64K x 8 fully synchronous memory 

• High-speed -20MHz read cycle time 

• 16-bit synchronous address input 

• 8-bit synchronous data input 

• Synchronous chip select and write enable 

• Separate clock enable for each register 

• Low standby power 

• Onboard decoupling capacitors 

• Available in 43-pin SIP (single in-line package) configuration 

• 2 Ground and 2 Vcc pins 

DESCRIPTION: 

The IDT7MP6025 is a 64K x 8 synchronous RAM with edge trig- 
gered registers on the address lines, data-in bus, data-out bus, 
chip select and write enable. The edge triggered register of the 16 
address lines features an independent clock enable that allows the 
address register to be selectively loaded. The address register will 
be loaded on the low-to-high transition of the clock when the clock 
enable line is low and will hold its current contents on the low-to- 
high transition of the clock when the clock enable is high. Similarly, - 
the 8-bit data-in register will be loaded with new data on the low-to- 
high transition of the clock when the data-in clock enable is low 
and will hold its contents when the data-in clock enable is high. The 
data-out register will receive new data from the 64K x 8 RAM when 
the clock enable line is low and will hold its data when the clock 
enable line is high at the low-to-high transition of the clock.- All 


clock enables, as well as address and data inputs, must meet the 
appropriate set-up and hold times with respect to the clock. 

The eight data output bits are enabled when the output enable is 
low and are in the high-impedance state when the output enable is 
high. The chip select and write enable signals are also registered in 
D flip-flops. These two flip-flops are loaded with new data on each 
low-to-high transition of the clock. The chip select is passed di- 
rectly from the Q output of the D-type flip-flop to the 64K x 8 RAM. WA 
The write enable signal is gated with the clock signal to generate a HUH 
delayed write enable pulse. In essence, this gives the output of the 
address register time to settle and internally select the appropriate 
byte of RAM before the write enable goes low to write new data into 
the RAM. Thus, the low-to-high transition of the clock causes the 
chip select and write enable flip-flops to be loaded with new data 
and immediately deselects a previous write by means of the clock 
going high. The data lines to the RAM and the address lines to the 
RAM may indeed change to new values based on the low-to-high 
transition of the clock. When the clock goes from high-to-low, if the 
chip select is low and the write enable is low, a write cycle is begun 
and the data at the RAM data inputs will be written into the selected 
address. If the write enable is high or the chip enable is high, data 
.will not be written into the memory. 

One of the features of this configuration of memory that have 
registers on all of the address lines, data input lines and data output 
lines as well as the control lines, is to provide the highest possible 
clock rate in the system. All that is necessary is that the data, ad- 
dress, chip select, write enable and clock enables signals meet the 
required set-up and hold time with respect to the clock. In this 
manner, fully asynchronous operation is achieved. The 
IDT7MP6025 is offered as a compact, cost-effective 43-pin plastic 
SIP module. 


A 
A 

A'-CCKEN 

C5 

WE 


CLOCK 

d | 7 

Dl 0 

DI-CLKEN 



CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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Integrated Device Technology Inc. 


DUAL MULTIPLEXED 
16K x 20 SYNCHRONOUS 
STATIC RAM MODULE 



FEATURES: 

• Dual 16K x 20 synchronous RAM 

• Edge triggered data input and data output registers 

• Edge triggered data address registers 

• Two address register sources individually selectable 

• Separate chip select and write enables to each memory array 

• Individual clock lines to each register 

• Dual high-performance 16K x 20 memories 

• Unique ping-pong operation capability 

• Assembled with IDT's high-reliability vapor phase solder reflow 
process 

• Available in compact 92-pin ceramic sidebraze QIP (quad 
in-line) package 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Military modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7M6001 is a dual multiplexed 16K x 20 synchronous 
RAM module. It utilizes ten IDT71981 high-speed synchronous 
memories, along with the appropriate input data, output data and 
address registers. The device features the ability to be used in a 
ping-pong mode. That is, data can be loaded into one memory ar- 
ray at one address and be read from the other memory array at a 


different address. This allows systems to be built that can perform 
fast Fourier Transforms in eithera decimation-in-time or a decima- 
tion-in-frequency configuration. Data read from Memory 1 can be 
synchronously loaded into its output register, while data can be 
written into a different location in Memory 2. Similarly, data can be 
read from Memory 1 and Memory 2 in parallel from two different 
addresses and can be written into Memory 1 and Memory 2 at 
unique addresses. Registers at the data input and data output pro- 
vide fully synchronous pipelined operation. The two memory sys- 
tems are 20 bits wide and have multiplexed data input and data 
output bits from the module data pins. By taking advantage of the 
speed of the registers, data on the pins can run at a speed twice that 
of the memory. That is, both output registers can be read or both 
input registers can be loaded in a single memory cycle. 

Two address sources are available to each address register to 
the RAM. Address Source A or Address Source B may be selected 
to load the edge triggered register for the 1 6K x 20-bit memory. The 
IDT54/74FCT399 is used for the two input multiplexer and address 
registers for each 16K x 20 memory. All inputs and outputs of the 
IDT7M4017 are TTL-compatible and operate from a single 5 V 
supply. 

-The IDT7M6001 is offered as a compact 92-pin quad in-line 
(QIP) ceramic module. It is constructed using ceramic LCC com- 
ponents on a multilayer co-fired ceramic substrate and occupies 
only.4.2 square inches of board space. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 
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1 MEGABIT (128K x 8) 
REGISTERED/BUFFERED/ 
LATCHED CMOS STATIC RAM 
SUBSYSTEMS 


IDT7M824 

FAMILY 


FEATURES: 


DESCRIPTION: 


High-density 1024K-bit (128K x 8-bit) CMOS static RAM 
modules with registered/buffered/latched addresses and I/Os 
High-speed registered access time: 

— Military temperature range: 60ns (max.) 

— Commercial temperature range: 50ns (max.) 

20MHz read cycle time 

Low power consumption (typ.) 

— Active: 1.5W 

— Standby: 75mW 

Low input capacitance (typ.): input 20pF; output 25pF 

High output drive (min.): Iol = 48mW; Ioh = -15mA 

Available in 64-pin, 900 mil centre sidebraze DIP (with LCCs 

on both sides), achieving very high memory density 

Module select output 

Separate inputs and outputs 

Clear data and clock enables on all registers 

Address, input and outputs on separate clocks or latch 

enables 

Registered write enable 

Internal bypass capacitors for minimizing power supply noise 
TTL-compatible; single 5V (±10% ) power supply 
Five GND pins for maximum noise immunity, five Vcc pins”" 
Military grade module available with semiconductor 
components compliant to the latest revision of MIL-STD-883, 
Class B 


The IDT7M824 family is a set of 1024K-bit (128K x 8-bit) high- 
speed CMOS static RAM modules with registered/buffered/ 
latched addresses and I/Os. They are constructed on co-fired, 
multi-layered ceramic substrates with sidebrazed leads using 
16 IDT71981 (16K x 4) static RAMs, IDT logic devices and decou- 
pling capacitors. Devices in leadless chip carriers are mounted top 
and bottom for maximum density. 

Extremely high speeds are achievable by the use of IDT71981s 
and logic devices fabricated in IDT’s high-performance, high- 
reliability CEMOS ™ technology. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides the 
fastest circuits possible. The IDT7M824 has registered access 
times of 50ns (max.) over the commercial temperature range and 
can be operated with cycle times as fast as 20MHz. 

Designing with this device can be very flexible because of such 
features as module select output and clock enables on all regis- 
ters, registered write enable and 8-bit separate inputs and outputs. 
Because of the proprietary IDT49C801, the modules are cas- 
cadable In terms of depth with no additional external decoding. 
The write enable can be turned off when the module is deselected. 
Immunity to noise has been extended with such features as 8-bit 
-separate Inputs and outputs; addresses, inputs, and outputs on 
separate clocks; internal decoupling capacitors; five ground pins 
and five Vcc pins. 

The semiconductor components used on all IDT military mod- 
ules are manufactured in compliance with the latest revision of 
MIL-STD-883, Class B, making them ideally suited to applications 
demanding the highest level of performance and reliability. 




PRODUCT SELECTOR GUIDE 


PART NO. 

i I/O AND ADDRESS FEATURES | 

ADDRESS 

BUS 

INPUT 
DATA BUS 

OUTPUT 
DATA BUS 

IDT7M820 

L/B. 

L/B 

UB 

IDT7M821 

L/B 

R 

R 

IDT7M822 

L/B 

R 

UB 

IDT7M823 

UB 

L/B 

R 

IDT7M825 

R 

R 

R 

IDT7M826 

R 

R 

UB 

IDT7M827 

R 

UB 

R 

IDT7M828 

R 

UB 

UB 


NOTES: 

1. L/B = LATCHED/BUFFERED 
R = REGISTERED 


2. For module dimensions, please refer to module drawing MS in the 
packaging section. 


Dl (0: 7) DO (0: 7) 

CEMOS is a trademark of Integrated Device Technology. Inc. 
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FEATURES: 

• 4K x 1 6-bit RAM with register at output, serial load and readback 

• Designed for microprogram writable control store 

• Serial Protocol Channel (SPC) allows load and readout of RAM 
over a 4-wire channel 

• RAM address counter speeds RAM load, readout 

• Outputs may be programmed to be registered or non-reg istered 
in groups of 8 bits 

• Initialize register allows initial microword selection 

• Synchronous and asynchronous output enables allow for depth 
expansion and bus driving 

• Breakpoint comparator supports system diagnostics 

• Parity check on outputs for high-reliability designs 

• High-speed (address set-up before clock) 

— Military: 45/55ns (max.) 

— Commercial: 35/45ns (max.) 

• Built in CMOS for low power consumption 

• Inputs and outputs directly TTL-compatible 

• Standard 48-pin DIP 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71502 Registered RAM is designed expressly for effi- 
cient use in writable control stores. This 65,536-bit high-speed 
static RAM is organized as4K x 16 bits with a high-speed register at 
the RAM outputs and serial load and readback capability using the 
IDT Serial Protocol Channel (SPC). Its architecture is optimized for 
microprogram writable control store use. Hardware is provided for 
software test and debug, parity checking and serial microcode 
load at initialization. 

The IDT71502 is available with address set-up before clock 
times as fast as 35ns with a maximum power consumption of only 
900mW. 

All inputs and outputs of the IDT71502 are TTL-compatible and 
the device operates from a single 5 V supply. Fully static, asynchro- 
nous circuitry is used, requiring no clocks (with the exception of the 
register clock) or refreshing for operation. 

The IDT71502 is fabricated using IDT’s high-performance, 
high-reliability technology — CEMOS ™ . This technology gives the 
IDT71502 the combination of low power, high speed and high den- 
sity that makes it a cost-effective alternative to bipolar and NMOS 
devices such as registered PROMs. 

The IDT71502 is packaged in a 48-pin, 600 mil DIP, providing 
high board level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT71502S/IDT71502L CMOS STATIC RAM 
64K (4K x 1 6-BIT) REGISTERED RAM 


PIN CONFIGURATION 


Vcc C 1 
5 EC 2 
PARC 3 
I/0 15^ 4 
I/O 14 C 5 
GNDC 8 
I/O 13 C 7 
I/O 12 C 8 
l/OnC 9 

l/O 10 C 10 
1/OgC 11 
l/0 8 C 12 
GNDC 13 
l/ 0 7 C 14 
l/ 0 6 C 15 
I/O5C 16 
I/O4C 17 
I/O3C 18 
I/O2C 19 
GND C 20 
1/0,11 21 
l/O 0 C 22 
BKPTC 23 
SOC 24 


C48-2 


^ Vcc 

□ D5 2 

C CE, 

□ CS 0 

□ WE 

□ SUE 

□ CLK 

□ MT 

□ A11 
^ A 10 
ID A 9 
HI A 8 

□ GND 

□ A 7 

□ a 6 

□ a 5 

□ A® 

□ A 3 

□ a 2 

□ A, 

ID Ao_ 

□ C/D 

□ SCLK 
ID SI 


DIP 

TOP VIEW 


PIN NAMES 


NAME 

FUNCTION 

Ao -11 

Address 

l/0o-15 

Data Input/Output 

CSo-2 

Chip Select 

WE 

Write Enable 

C3E 

Output Enable 

5DE 

Synchronous Output Enable 

CLK 

Clock (to register) 

[Nil 

Initialize 

BKPT 

Breakpoint Detect 

PAR 

Parity 

SI 

SPC Serial DATA| N h) 

SO 

SPC Serial DATA 0 U t (1) 

SCLK 

SPC Clock (1) 

C/D 

SPC Command/Data (1) 

GND 

Ground 

v cc 

Power 


NOTE: 

1. The Serial Protocol Channel (SPC) is 

discussed at length in IDT Application Note 16. 


TRUTH TABLE - READ/WRITE OPERATIONS LOGIC SYMBOL 

STANDARD PIPELINED MODE 


MODE 

Iff! 

EH 

m 

E5t3 


I/O OPERATION 

Deselected 

D 

B 

B 

n 

b 

. High Z 

Read 

a 

B 

B 

n 

n 

High Z 

Read 

D 

D 

B 

0 

B 

High Z 

Read 

m 

D 

B 

L 

B 

DATA out @ Address 

Write 

D 

B 

B 

Efl 

1 x 

DATA |N @ Address 


TRUTH TABLE - SPC OPERATIONS 


MODE 

Hifl 

SCLK 

FUNCTION 

Command 

H 

_r 

Shift bit into command register 

Data 

L 

_r 

Shift bit into data register 

Execute 


_r 

Execute command during time 
between C/D and SCLK 


— 

Ao 

l/O 0 

— 

A 1 

I/O, 

— 

Az 

l/ 0 2 

— 

A 3 

I/O 3 

— 

A 4 

I/O 4 

— 

As 

l/ 0 5 

— 

Ae 

i/o 6 

— 

A 7 

l/0 7 

— 

A 8 

l/Oe 

— 

Ag 

l/0 9 

— 

A 10 

I/0 10 

— 

A 11 

1/0,1 

O 

C5 0 

1/0,2 

— O 

C5, 

1/0,3 

O 

§E 2 

SCE 

1/0,4 

— O 

1/0,5 

O 

MT 

PAR 

O 

CLK 

WE 

BKPT 

— 

SI 

SCLK 

C/D 

SO 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K (4Kx 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


EEESB 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

i 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.5 

1.5 

w 

bur 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE 0 ’ (T A = +25°c, f = i.omhz) 


SYMBOL 

PARAMETER 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

v IN =ov 

11 

PF 

( -’oirr 

Output Capacitance 

Vour= 0V 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is not 
production tested. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

1 TYP- 

MAX. 

UNIT 

^cc 

Supply Voltage 

mm 


5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V IH 

Input High Voltage 

2.2 

- 

6.0 

wm 

V,L 

Input Low Voltage 

-0.50) 

- 

0.8 

mm 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55° C to + 125°C 

ov 

5.0V + 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K (4K x 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 


Vcc= 5.0V +10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT71502S 
TYP. (1 > MAX. 

MIN. 

IDT71502L 

TYP. (1 > 

MAX. 

UNIT 


Input Leakage Current 

Vcc= Max., Vim = GNDtoVcc 

MIL. 

- 

- 

10 

- 

- 

5 

|XA 


COM’L. 

- 

- 

5 

- 

- 

2 

I'lO.I 

Output Leakage Current 

Vcc= Max. 

MIL. 

- 

- 

10 

- 

- 

5 

pA 

CS - = V IH ,V 0 UT= GNDtoVcc 

COM’L. 

- 

- 

5 

- 

- 

2 

V 0L 

Output Low Voltage! 2 ) 

l 0L = 16mA, V cc = Min. 

- 

- 

0.5 

- 

- 

0.5 

V 

Mdh 

Output High Voltage* 2 * 

Ioh = -8mA, Vcc = Min. 

2.4 

- 

- 

2.4 

- 

- 

V 

V OL 

Output Low Voltage, BKPT 

Iol = 24mA, V C c = Min. 

- 

- 

0.5 

- 

- 

0.5 

V 


NOTES: 

1 . Typical limits are at v cc = 5.0V, + 25°C ambient. 

2. All outputs except BKPT, which is open drain. 


DC ELECTRICAL CHARACTERISTICS (1> 


Vcc= 5.0V +10% 


SYMBOL 

PARAMETER 

POWER 

1DT71502S35 (2) 
IDT71502L35< 2 > 
COM’L MIL 

IDT71502S45 
IDT71502L45 
COM’L MIL 

IDT71502S55 (3) 
IDT71502L55< 3 > 
COM’L MIL 

UNIT 


Operating Power Supply Current 

CS = V IL , Outputs Open, V cc = Max., 
f = 0 

S 

- 

- 

- 

- 

mA 

L 

- 

- 

- 

- 


Dynamic Operating Current 

CS = V| L , Outputs Open, Vcc= Max., 
f = Wx 

S 

- 

- 

. - 

- 

mA 

L 

- 

- 

- 

- 


NOTES: 

1 . All values are guaranteed maximums. 

2. 0°C to + 70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 




























































IDT71502S/IDT71502L CMOS STATIC RAM 
64K (4K x 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V C c = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71S02S35* 1 ) 

IDT71502L35 01 

MIN. MAX. 

IDT71502S45 

IDT71502L45 

MIN. MAX. 

IDT71502S55® 

IDT71502L55 (2) 

MIN. MAX. 

UNIT 

READ CYCLE 

l RC 

Read Cycle Time 

50 

- 

65 

- 

80 

- 

ns 

Us 

Address Set-up Time 

35 

- 

45 

- 

55 

- 

ns 

l cs 

Chip Select Set-up Time 

15 

- 

18 

_ 

20 

- 

ns 


Set-up Time: SOE 

15 

- 

18 

- 

20 

- 

ns 

Iah 

Address Hold Time 

0 

0 

- 

0 

- 

ns 

*CH 

Chip Select Hold Time 

5 

- 

5 

- 

5 

- 

ns 


Hold Time: SUE 

5 

- 

5 

- 

5 

- 

ns 

^CD 

Clock to Output Delay 

- 

15 

- 

20 

- 

25 

ns 

l CWH 

Clock Width. High 

20 

- 

25 

- 

30 

- 

ns 

tcWL 

Clock Width. Low 

20 

- 

25 

- 

30 

- 

ns 

*MN 

Address Access Time, Non-Pipelined 

- 

50 

- 

65 

- 

80 

ns 

*oe 

Asynchronous Output Enable Time 

- 

20 

- 

25 

- ' 

30 

ns 

*oz 

Asynchronous Output Disable Time* 3 ) 

- 

20 

25 

- 

30 

ns 

l SOE 

Synchronous Output Enable Time 

- 

25 

- 

30 

- 

35 

ns 

*soz 

Synchronous Output Disable Time* 3 ) 

- 

25 

- 

30 

- 

35 

ns 

tlNIT 

Initialize to Output Delay 

- 

60 

- 

75 

- 

90 

ns 

l IR 

Initialize Recovery Time 

50 

- 

60 

- 

75 

- 

ns 

t|W 

Initialize Pulse Width 

50 

- 

60 

- 

75 

- 

ns 

f BPR 

Breakpoint Delay From Register 


40 

- 

50 

- 

60 

ns 

Wa 

Breakpoint Delay From Address 

- 

40 

- 

50 

- 

60 

ns 

l PAR 

Parity Generation Time 

- 

50 

- 

60 

- 

75 

ns 


NOTES: 

1. 0°Cto + 70 °C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. This parameter guaranteed but not tested. 
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CMOS STATIC RAM 
64K (4Kx 16-BIT) 
REGISTERED RAM w/SPC 


ADVANCE 

INFORMATION 

IDT71502S 

IDT71502L 


FEATURES: 


DESCRIPTION: 


• 4K x 1 6-bit RAM with register at output, serial load and readback 

• Designed for microprogram writable control store 

• Serial Protocol Channel (SPC) allows load and readout of RAM 
over a 4-wire channel 

• RAM address counter speeds RAM load, readout 

• Outputs may be programmed to be registered or non-registered 
in groups of 8 bits 

• Initialize register allows initial microword selection 

• Synchronous and asynchronous output enables allow for depth 
expansion and bus driving 

• Breakpoint comparator supports system diagnostics 

• Parity check on outputs for high-reliability designs 

• High-speed (address set-up before clock) 

— Military: 45/55ns (max.) 

— Commercial: 35/45ns (max.) 

• Built in CMOS for low power consumption 

• Inputs and outputs directly TTL-compatible 

• Standard 48-pin DIP 

• Military product compliant to MIL-STD-883, Class B 


The IDT71502 Registered RAM is designed expressly for effi- 
cient use in writable control stores. This 65,536-bit high-speed 
static RAM is organized as 4K x 1 6 bits with a high-speed register at 
the RAM outputs and serial load and readback capability using the 
IDT Serial Protocol Channel (SPC). Its architecture is optimized for 
microprogram writable control store use. Hardware is provided for 
software test and debug, parity checking and serial microcode 
load at initialization. 

The IDT71502 is available with address set-up before clock 
times as fast as 35ns with a maximum power consumption of only 
900mW. 

All inputs and outputs of the IDT71502 are TTL-compatible and 
the device operates from a single 5V supply. Fully static, asynchro- 
nous circuitry is used, requiring no clocks (with the exception of the 
register clock) or refreshing for operation. 

The IDT71502 is fabricated using IDT’s high-performance, 
high-reliability technology — CEMOS ™. This technology gives the 
IDT7 1 502 the combination of low power, high speed and high den- 
sity that makes it a cost-effective alternative to bipolar and NMOS 
devices such as registered PROMs. 

The IDT71502 is packaged in a 48-pin, 600 mil DIP, providing 
high board level packing densities. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 


SERIAL 

DATA.m 


ADDRESS 

WE 

C3 

CLK + IN IT 


SYNCHRONOUS 
OUT ENABLE 


OUT ENABLE 



RAM DATA out 


CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K (4Kx 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

| RAM WRITE CYCLE 

*wc 

RAM Write Cycle Time 

Was 

RAM Write Address Set-up Time 

*wp 

RAM Write Pulse Width 

*DW , 

RAM Write Data Set-up Before End 

Of Write 

twcw 

Chip Select To End Of Write 

l WDH 

RAM Write Data Hold Time 

fwR 

Write Recovery Time 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 


IDT71502S35' 

IDT71502L35 0 


IDT71 502S45 
IDT71502L45 
MIN. MAX. 


IDT71 502S55' Z) 
IDT71502L55 (2) 
MIN. MAX. 


65 

- 

0 

- 

50 

•• % 1 

25 

|| — 

50 

- 

0 

- 

5 

- 


TIMING WAVEFORM OF WRITE CYCLE 



1 . A write occurs during the overlap of both CS and WE low. 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64 K (4KX 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

IDT71502S35 (1) 

IDT71502L35< 1J 

MIN. MAX. 

IDT71502S45 

IDT71502L45 

MIN. MAX. 

IDT71502S55® 

IDT71502L55 (2) 

MIN. MAX. 

UNIT 

TRACE WRITE CYCLE 

l TWC 

Trace Write Cycle Time 

50 

- 

60 

75 

- 

ns 

^TWDS 

Trace Write Data Set-up Time 

10 

- 

12 

15:f]| 

1 

ns 

*TWDH 

Trace Write Data Hold Time 

0 

- 

0 

0 

- 

ns 

l TWS 

Trace Write Enable Set-up Time 

10 

- 

^12 

15 

- 

ns 

^TCS 

Trace Write Chip Select Set-up Time 

10 

wvO 

WA 0 * 

15 

- 

ns 

l TWH 

Trace Write Enable Hold Time 

0 

- 

* v 0 

0 

- • 

ns 

^TCH 

Trace Write Chip Select Hold Time 

0 

- 

0 

0 

- 

ns 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. -55° C to + 125°C temperature range only. 



TIMING WAVEFORM OF TRACE WRITE CYCLE (1) 



NOTE: 

1 . A write occurs if both CS and WE are low at the clock low-to-high transition 


AC TEST CONDITIONS (Read and Write Cycles) 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATA 



m 


30pF*, 
(5pF for 
f 0 Z' l soz) 


5V 


BKPT- 


2200 

30pF* 


Figure 1. Output Load Figure 2. Output Load 

(for BKPT pin) 

‘Includes scope and jig. 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K(4Kx 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SPC AC ELECTRICAL CHARACTERISTICS (1) v cc = 5V ±10%, All Temperature Ranges 


SYMBOL 

PARAMETER 

MIN. 

IDT71502S/L (1) 

MAX. 

UNIT 

*SCLK 

SCLK Period 

100 

- 

ns 

tscw 

SCLK Pulse Width 

40 

- 

ns 

l SDS 

Serial Data Set-up Time 

20 

- 

ns 

tsDH 

Serial Data Hold Time 

0 

- 

ns 

l SCD 

Clock to serial Data Output Delay 

- 

50 

ns 

*SPD 

Serial Data-ln-to-Out Delay, Stub Mode 

- 

40 

ns 

tcMLH 

Command/Data Set-up Time, Low-to-High (2) 

20 

- 

ns 

*CMHL 

Command Set-up Time, High-to-Low (Execution Time)! 2 * 

40 

- 

ns 

tcMH 

Command/Data Hold Time* 2 * 

20 


ns 


NOTES: 

1 . These specifications apply to all speed grades of the product. 

2. C/D cannot change while CLOCK is high. 


TIMING WAVEFORM OF SPC CHANNEL 


SCLK ^ 

4 t S( 

)LK ► 


tscw ► 

\ / 




/ s 

f \ 

/ 




*SDH 





SERIAL DATA , N ^ 

S 

/ 

< 

> 







l SCD 




SERIAL DATA out 



< 



*CMH 


| . 

tcMH 





p ‘CMHL *" 



C/D 



r 

COMMAND 

EXECUTE TIME 
(REFERENCE! 






AC TEST CONDITIONS (SPC) 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 3 


Figure 3. Output Load for Serial Output 

‘Includes scope and jig. 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64 K (4K x 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SPC FUNCTIONAL BLOCK DIAGRAM 


COMMAND DATA (C/D) 
SERIAL DATA , N (SI) 

SERIAL CLOCK (SCLK) 



SERIAL DATA out 
(SO) 


MUX ENABLES 
AND REGISTER 
STROBES, ETC. 


DIAGNOSTIC DATA 
TO/FROM CHIP 



SPC COMMAND FORMAT 


7 43 0 


SPC Command Code 

4 bits 

SPC Register Code 

4 bits 


SPC COMMAND CODES 

COMMAND 

CODE 

READ/WRITE 

FUNCTION 

ACTION 

NOTES 

0 

Read 

Read Register 

Uses Register Select Field 

1 

Write 

Write Register 

Uses Register Select Field 

2 

Read 

Read Register and Increment Initialize Counter 

Serial RAM Read 

3 

Write 

Write and Increment Initialize Counter 

Serial RAM Write 

4-C 

- 

Reserved (No-Op) 

- 

D 

Write 

Stub Diagnostic 

Broadcast Commands 

E 

Write 

Serial Diagnostic 

Serial Commands 

F 

- 

No-Op 

Guaranteed No-Op 

SPC REGISTER CODES 

REGISTER 

CODE 

READ/WRITE 

FUNCTION 

REGISTER 

NOTES 

0 

R/W 

Initialize Counter 

- 

1 

R/W 

RAM Output 

- 

2 

R/W 

Pipeline Register 

- 

3 

R/W 

Break Mask Register 

- 

4 

R/W 

Break Data Register 

- 

5 

R/W 

Set-up + Status Register 

Break Multiplexer, Trace Mode, etc. 

6 

Rd Only 

Y 15 -Y 0 (Data Pins) 

Data Pins of Chip 

7 

Rd Only 

RAM Address 

Address Going into RAM 

8 -F 

- 

Reserved (unused) 

- 
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I DT71 502S/I DT71 502L CMOS STATIC RAM 
64K (4K x 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


REGISTERED RAM DATA FLOW BLOCK DIAGRAM 


SPR READ DATA BUS 


SERIAL PROTOCOL REGISTER 
3 (SPR) 


BREAKPOINT COMPARATOR 


CLOCK 

n 

TRACE —I MUX 


SPR WRITE DATA BUS 


t 



INIT COUNTER 



MUX 

H — 



MUX I— j — BREAKPOINT 
I 1 COMPARE 


CE, LEVEL 
CE 0 LEVEL 
FLOW 15-8 
FLOW 7-0 

BREAK ON ADDRESS 
BREAK PIPE 




». PARITY 

STATUS BITS 



TREE 



16 



\ 

RAM DATA 0UT 

PARITY 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K(4Kx 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SET-UP REGISTER FORMAT 


BIT 

NAME 

TYPE (,) 

FUNCTION 

POWER-UP 

VALUE 

15 

cl 

RO 

Chip Enable State: NOR of All Chip Enable Pins 

0 

14 

SOEFF 

RO 

SOE FF State: 1 = Output Enabled, 0 = Output Disabled 

0 

13 

SOE Pin 

RO 

SOE Pin State: 1 = High, 0 = Low 

0 

12 

OE Pin 

RO 

OE Pin State: 1 = High, 0 = Low 

0 

11 

WE Pin 

RO 

WE Pin State: 1 = High, 0 = Low 

0 

10 

iNlTPin 

RO 

INIT Pin State: 1 = High, 0 = Low 

0 

9 

BP Compare 

RO 

Breakpoint Comparator Output: 1 = Compare Valid 

0 

8 

BP Pin 

RO 

BP Pin State: 1 = High, 0 = Low 

0 

7 

CS, Level 

RAY 

0 = CSt is Low Active; 1 = CSj is High Active 

0 

6 


RAY 

0 = CS 0 is Low Active: 1 = CS 0 is High Active 

0 

5 

Non-Reg High 

RAY 

Set Pipeline Register Bits 15-8 to Flow-Through Mode 

0 

4 

Non-Reg Low 

RAY 

Set Pipeline Register Bits 7-0 to Flow-Through Mode 

0 

3 

- 

- 

(Unused) 

0 

2 

BC Address 

RAY 

0 = Breakpoint on Pipeline Register Output, 1 = Breakpoint on RAM 
Address Inputs 

0 

1 

BC Pipelined 

RAY 

Set Breakpoint Output MUX for Pipeline FF Output 

0 

0 

Trace Mode 

RAY 

Set for Trace Mode: Y 15-0 to Pipeline Register. Pipeline Register to RAM, 
Initialize Counter as Address, Write with Clock Pulse 

0 


NOTE: 

1 . RO means Read Only. R/W means Read/Write. 
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IDT71502S/IDT71502L CMOS STATIC RAM 
64K(4Kx 16-BIT) REGISTERED RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


GENERAL DESCRIPTION 

The 1DT71502 Registered RAM consists of a 4K x 16-bit RAM 
plus a 16-bit pipeline register and is designed for microcode 
writable control store use. A serial shift register system, the Serial 
Protocol Channel (SPC), is included on-chip for serial load and 
read-back of the RAM data. A RAM address counter is also pro- 
vided to speed up RAM load and read-back. The SPC serial shift 
register is also configured to be used as a diagnostic register. The 
shift register can read all status conditions on the chip such as the 
RAM output, pipeline register output, data output pin state and 
RAM load/read counter value. A breakpoint comparator is 
included to support the diagnostic function. This breakpoint 
comparator can be used to detect a particular bit pattern in the 
RAM address or pipeline register outputs. 

The IDT71502 Registered RAM includes features to support 
control store applications. These include synchronous output 
enable and an initialize register for selecting the initial value of the 
pipeline register. A parity output is provided which indicates the 
parity of the contents of the pipeline register. The parity output can 
be used to provide parity check control for high-reliability systems. 

The I DT7 1 502 Reg istered RAM can also be used as a trace RAM 
for recording external data. In this mode, the data I/O pins are 
inputs and data is clocked into the RAM using the Initialize register 
as the address counter. The Trace mode, in combination with the 
breakpoint comparator, allows the IDT71502 Registered RAM to 
be used as a one-chip logic analyzer. 

RAM Operation 

After power up, and in its typical operating mode, the IDT71502 
Registered RAM is set for pipelined read and direct (non-pipelined) 
write. Data may be directly written into the RAM by driving the 
address and data inputs and strobing the Write Enable input. Data 
is read from the RAM by driving the address lines and clocking the 
pipeline register. 

The RAM may also be read and written by the Serial Protocol 
Channel (SPC). This is the typical path for loading the RAM after 
power up. 

Serial Protocol Channel 

The Serial Protocol Channel (SPC) logic consists of a 16-bit data 
shift register, an 8-bit command register and clock logic consisting 
of gates and a flip-flop. A block diagram of the command decode 
logic is shown for reference. The command decode logic decodes 
and executes the command in the command shift register using 
the clock from the clock logic. The command is divided into two 
four-bit fields. The most significant four bits of the command regis- 
ter define the command to be executed: read, write, etc. The least 
significant four bits define the register to be read or written. (NOTE: 
The data to the SPC is shifted in LSB first.) 

The SPC is connected to the outside world through four wires. 
These wires consist of serial data in and out, a shift clock and a 
command/data line. When the command/data line is high, com- 
mands are shifted from the serial data into the command register 
by the clock. When the command/data line is low, data is shifted 
into the data shift register by the clock. When the command/data 
line transitions from high (command) to low (data), a clock pulse is 
generated internally to the command decode logic. This pulse 
lasts from the beginning of the high-to-low transition to the next 
serial clock pulse and is used to execute the command in the 
command register. 

Two of the defined commands are Serial and Stub. These com- 
mands control a latch which determines the source of the serial 
data out in the command mode. The Serial command causes the 
data output to be taken from the last stage of the command shift 


register. This is the normal operating mode, where all the shift reg- 
isters in a system are connected into one long shift register. The 
SPC logic in the IDT71502 is automatically set to the Serial mode 
by power up. The Stub command sets the latch and causes the se- 
rial output data to be taken from the serial input. In this mode, the 
serial data is passed directly from one chip to the next so that all 
command registers have the same data at their serial inputs. This 
allows a broadcast mode where all command registers in a system 
can be loaded with the same command at the same time. 

SPC commands cause data to be written into registers or read 
from various points on the chip. The SPC commands for the 
IDT71502 Registered RAM are shown in the SPC Command 
Codes and SPC Register Codes tables. The 8-bit command is 
divided into two 4-bit fields. The four most significant bits define the 
read or write function and the least significant four bits select a 
register to be read or written. 

RAM Load/Readback Logic 

A detailed block diagram of the IDT71502 Registered RAM, 
showing the various internal registers and the load and readback 
paths, is shown in the Registered RAM Data Flow Block Diagram. 
In addition to the logic shown in the Functional Block Diagram on 
the first page of the data sheet, there is an Initialize Counter for 
loading and initializingthe RAM, Break Data and Mask registersfor 
the Breakpoint Comparator and multiplexers at the input to the 
Pipeline register for allowing data from the data I/O pins to be 
clocked into the Pipeline register in the Trace mode before being 
written into the RAM. The data flow block diagram also shows the 
various multiplexers for routing data for breakpoint and readback 
use. 

Initialize Counter 

The Initialize Counter provides the initial address to the RAM af- 
ter reset of the part. A pulse applied to the Initialize pin causes the 
Initialize Counter to be gated to the RAM address and the RAM data 
to be preset into the pipeline register. This provides an initial value 
in the pipeline register before the first clock pulse arrives. The 
Initialize Counter can be reset to zero at power up of the chip and 
can be loaded with a value other than zero by the SPC. Once 
loaded with a value by the SPC, this value is used in further chip 
reset operations. 

Set-up Register 

The Set-up Register is a 1 6-bit register used to set the chip oper- 
ating mode and to read back chip operating status conditions. A 
command word written into the Set-up Register sets 7 latches 
which control the chip operating conditions. Reading the Set-up 
Register provides the current status of these 7 latches and various 
other signals on the chip. At power up, the 7 latches are cleared to 
zero and the Initialize counter is cleared to zero. The format of the 
Set-up Register is shown in the Set-up Register Format table. 

The Set-up Register has 7 latches which determine the operat- 
ing mode of the chip. These are CS,, CS 0 , Non-Reg High, Non- 
Reg Low, BC RAM, Break Pipe and Trace. The CS, and CS 0 bits 
determine the polarity of the CS, and CS 0 chip enables. The Non- 
Reg High and Low bits set the upper and lower bytes of the Pipeline 
Register to a flow-through mode, respectively. The BC RAM bit 
determines the source of the data for breakpoint comparison, 
either the Pipeline Register or the RAM address. The Break Pipe 
latch switches the breakpoint pin multiplexer from the comparator 
to the buffer flip-flop. The trace latch sets the chip into the Trace 
mode. 
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Power Up State 

Power up is defined as taking Vcc from below 1.0 volts to 
5.0 volts nominal. This generates power up reset, an internal signal 
which resets several registers on the chip. After power up, the 
IDT71502 is in the following state: 

• Set-up Register cleared to zero 

• Initialize Counter cleared to zero 

• Breakpoint Mask Register cleared to equal (Breakpoint output 
high) 

• SOE Flip-Flop cleared to outputs off 


Note that taking Vcc from 5.0 volts to 2.0 volts and back to 
5.0 volts will not cause power up reset. 

Set-up Register: Programmable Chip Enable 

The chip enable function is programmable by bits in the Set-up 
Register. The logic for this is shown in Figure 1 . The bits in the Set- 
up Register define the active state of each chip enable: high or low. 
This allows up to four RAMs to be cascaded in depth with no 
external decoders required (16K x 16 bits of RAM). 
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Set-up Register: Non-Registered Outputs 

Two bits of the Set-up Register, Non-Reg Hi and Non-Reg Lo, 
can be set to cause the Pipeline Register bits 15-9 and 7-0, respec- 
tively, to be set to the flow-through mode. In the flow-through 
mode, both latches of the register are open and the register acts 
like a simple buffer with its output following its input. This allows the 
user to have some non-registered bits in microcode applications. 
The output circuit cons isting of the Pipeline Register, the Synchro- 
nous Output Enable (SOE), and the Output Enable (OE), has 
some special logic to support this mode, as shown in Figure 2. 


Also, activating the Initialize pin causes the Pipeline Register to be 
put in the flow-through mode. Figure 2 shows the Pipeline Register 
as two latches operated in the MASTER/SLAVE configuration. The 
clock input will cause the latch pair to work as a register. If the In- 
itialize pin is activated, both registers will be placed in the flow- 
through mode by the OR gates. Also, if either Non-Reg bit is set, its 
corresponding 8-bit portion of the register will be placed in the 
flow-through mode. 


NON-REG HI 


RAM DATA out 

15-8 NON-REG LO 


RAM DATA out 
MUX 
7-0 


INITODZE 


CLOCK 

35E 


OE 

CE 



MASTER 

LATCH 


SLAVE 

LATCH 


DATAout 

15-8 


DATAout 

7-0 


Figure 2. Output Logic Block Diagram 


When in the flow-through mode, the output enable flip-flop for 
that half must also be in the flow-through mode for external chip 
expansion to work properly. A non-registered RAM bit must be en- 
abled by a non-registered output enable, while a registered bit 


must be enabled by a synchronous output enable. This is done by 
using the no n-regi stered bit to control a multiplexer which selects 
between the SOE flip-flop input and output as the source of the 
output enable. 
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Figure 4. Trace Mode Sequence Timing Diagram 
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Figure 5. Trace Mode Clock Timing Diagram 
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Parity Output 

The Parity Output pin is generated from a 16-bit parity tree, as 
shown in the ParityTree Logic Block Diagram (Figure 6). Even par- 
ity is used. Parity is generated on the contents of the Pipeline Reg- 
ister. The parity output driver is three-state and is enabled by the 
SOE Flip-Flop to allow depth expansion of the parity output. 

The Parity Output always reflects the parity of the registered 
value. Additional flip-flops and multiplexers are included in the 


parity tree to cover the case of non-registered outputs. If one or 
both bytes of the Pipeline Register are set to the Non-Registered 
mode, a flip-flop pipeline delay is added to the corresponding byte 
parity chain to make the result of that byte parity calculation the 
same as if the Pipeline Register was not in the Non-Pipelined 
mode. 


REGISTER BIT 15 
REGISTER BIT 14 

REGISTER BIT 13 
REGISTER BIT 12 

REGISTER BIT 11 
REGISTER BIT 10 

REGISTER BIT 9 
REGISTER BIT 8 


REGISTER BIT 7 
REGISTER BIT 6 

REGISTER BIT 5 
REGISTER BIT 4 
REGISTER BIT 3 
REGISTER BIT 2 

REGISTER BIT 1 
REGISTER BITO 



Figure 6. Parity Tree Logic Block Diagram 
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REGISTERED RAM APPLICATIONS 

Using the Registered RAM in Writable Control 

Stores 

The IDT71502 Registered RAM is designed expressly for effi- 
cient use in writable control stores. A simplified block diagram of a 


16-bit microprogram-controlled system using the IDT71502 is 
shown in Writable Control Store Using Registered RAM (Figure 7). 
The system shown uses four IDT71502 Registered RAM chips to 
provide 4K x 64 bits of microcode writable control store. 


16-BIT DATA BUS 



Figure 7. Writable Control Store Using Registered RAM 
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Using the Parity Output 

The parity output can be used in conjunction with an additional 
IDT71502 Registered RAM to provide parity checking for control 
stores. This is shown in the Parity Check in a Writable Control Store 
System (Figure 8) block diagram. The parity output driver is gated 


by the SOE Flip-Flop. This allows simple depth expansion of the 
parity function by paralleling the parity outputs in the same manner 
as the data outputs, as shown in the Parity Check in a Depth Ex- 
panded Writable Control Store System (Figure 9) block diagram. 


Serial Protocol Channel™ 



CONTROL BITS 0-15 CONTROL BITS 112-127 


PARITY 

ERROR 


Figure 8. Parity Check in a Writable Control Store System 
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Figure 9. Parity Check in a Depth Expanded Writable Control Store System 
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Using Trace Mode as a Logic Analyzer 

The T race mode al lows the I DT7 1 502 to be used as an on-board 
logic analyzer for system diagnostics. It is particularly powerful 
when used in conjunction with the Breakpoint function. In the 
Trace mode, data is recorded in sequential locations in the RAM as 
controlled by the Trace Counter. Since the incoming data is 
clocked into the pipeline register, the set-up and hold times are 
short and compatible with capturing changing bus data, for exam- 
ple. A block diagram of a system with an IDT71502 used in the 
Trace mode is shown in Diagnostic Bus Monitoring Using Trace 
Mode (Figure 10). 

The Breakpoint outputs from the IDT71502 devices in a system 
can be used to control the Trace mode writing. The Breakpoint 


outputs are open drain types which provide a wire-AND function 
when connected together to a single pull-up resistor. By tying the 
Breakpoint outputs for the writable control store RAMs and the 
trace RAM, a breakpoint comparison can be made over the full 
microcode word plus the data bus contents. This comparison can 
be used to enable the trace write so that only data which occurred 
at the Breakpoint times is recorded. This allows recording the data 
that was on the bus during each instance of an I/O write, for 
example. 


BOARD 

DIAGNOSTIC ACCESS 



Figure 10. Diagnostic Bus Monitoring Using Trace Mode 
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Serial Loading of the IDT71502 Using the SPC 

In order to use the IDT71502 in writable control store applica- 
tions, it must be loaded with the microprogram before use. This is 
done using the Serial Protocol Channel (SPC). Loading the RAM 
over the SPC can be done in several ways. The microcode can be 
loaded from a central microprocessor, which can perform both 
microcode load and system diagnostics at power up, or it can be 
loaded using dedicated load logic. 

An example of a design of this dedicated load logic is shown in 
the Microcode Load Logic Example (Figure *11). The purpose of 
this example is to show how one goes about designing this logic. 
This example shows an approach which loads the RAMs with data 
from a single EPROM. The load logic gets the SPC command and 


data information from the EPROM. It is controlled by single byte in- 
structions from the same EPROM. The format of these instructions 
is shown in Microcode Load Logic Instruction Formats (Figure 12), 
and a map of the typical contents of the EPROM is shown in 
Microcode Load EPROM Memory Map (Figure 13). 

The load logic consists of a 1 6-bit address counter, an 8-bit shift 
register, a 4-bit byte counter and a PAL containing a 2-bit instruc- 
tion register. The logic in the PAL interprets the 2-bit load instruc- 
tions to cause bytes of command or data information to be loaded 
into the IDT74FCT299 shift register and shifted to the SPC. The two 
IDT74FCT161 counters are used to count the bytes being sent and 
the 8 bits in each byte. 


POWER ON 
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SYSTEM 

CLOCK 



SERIAL DATA 
TO IDT71502S 


SERIAL CLOCK 
COMMAND/DATA 


END OF LOAD 


Figure 11. Microcode Load Logic Example 
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Figure 12. Microcode Load Logic Instruction Formats 
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Figure 13. Microcode Load EPROM Memory Map 
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FEATURES: 

• 16K x 32 high-performance Writable Control Store (WCS) 

• Serial Protocol Channel (SPC™ )— reading, writing and 
interrogation 

• 4 byte/wide output enables 

• Separate chip select, write enable and output enable memory 
controls 

• High fanout pipeline register 

• Fully width expandable 

• Designed for high-speed writable control store applications 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Compact 64-pin ceramic sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

e Military modules available with semiconductor components 
manufactured in compliance to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7M6032 is a 16K x 32-bit Writable Control Store (WCS) 
RAM and pipeline register. It features eight IDT7198 16K x 4 high- 
performance static RAMs and four IDT49FCT818 Serial Protocol 
Channel (SPC) registers. These devices are arranged to form the | 
16K x 32 Writable Control Store RAM with Serial Protocol Channel 
for loading of the memory. The address lines, chip select, write 
enable and output enable of the RAMs are all bused together to 
form one large 16K x 32 memory. Each eight outputs of the RAM 
are connected to the D inputs of an IDT49FCT818 in the normal 


fashion. The device has the serial data-in and serial data-output 
bits connected to form a 32-bit Serial Protocol Channel register. 
The module features four separate output enables, one for each of 
the IDT49FCT818 registers. Thus, the Y outputs from the 
IDT49FCT818 registers may be enabled or put into the high-im- 
pedance state on individual 8-bit boundaries. The Command/Data 
(C/D), Serial Shift Clock (SCLK) and Parallel Clock (PCLK) are all 
bus organized across the four IDT49FCT818 registers. The thirty- 
two register output bits, eight from each device, are separately 
brought out to form a 32-bit wide pipeline register on the Writable 
Control Store. |F|a&, 

In normal operation, data from the 32-bit wide memory is loaded 
into the IDT49FCT818 registers on the low-to-high transition of 
PCLK. Reading and writing of the memory by means of the Serial 
Protocol Channel is performed in the normal fashion using the 
IDT49FCT818. That is, the data to be loaded can be shifted in the 
serial data input by using the SCLK and a load command executed 
by shifting the proper command word in the serial data input when 
the C/D line is in the command mode. This command will then be 
executed by- manipulating the C/D lino and SCLK line in the de- 
sired fashion. Data is then written into the RAM by bringing the write 
enable line on the RAM memory from the high state to the low state 
and back to the high state. 

The IDT7M6032 is offered in a compact 64-pin 600 mil wide ce- 
ramic dual in-line module. It is constructed using ceramic LCC 
components on a multilayer co-fired ceramic substrate and occu- 
pies less than 2 square inches of board space. 

The semiconductor components used on all IDT military mod- 
ules are manufactured in compliance with the latest revision of 
MIL-STD-883, Class B, making them ideally suited to applications 
demanding the highest level of performance and reliability. 



CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 
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FEATURES: 

• 8K x 112 high-performance Writable Control Store (WCS) 

• Serial Protocol Channel (SPC ™ ) —reading, writing and 
interrogation 

• High fanout pipeline register 

• Width expandable 

• Designed for high-speed writable control store applications 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Compact quad in-line module 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

DESCRIPTION: 

The IDT7MB6042 is an 8K x 112-bit Writable Control Store 
(WCS) RAM and pipeline register. It features fourteen 8K x 8 
IDT7164 high-performance static RAMs and fourteen 
IDT49FCT818 Serial Protocol Channel (SPC) registers. These de- 
vices are arranged to form the 8K x 1 1 2 Writable Control Store RAM 
with Serial Protocol Channel for loading of the memory. Each eight 


outputs of the RAM are connected to the D inputs of an 
IDT49FCT818 in the normal fashion. The device has the serial 
data-in and serial data-output bits connected to form a 1 12-bit Se- 
rial Protocol Channel register. The command/data (C/D) and Se- 
rial Shift Clock (SCLK) are all bus organized across the fourteen 
IDT49FCT818 registers. The 1 12 register output bits, 8 from each 
device, are separately brought out to form a 1 12-bit wide pipeline 
register on the Writable Control Store. 

In normal operation, data from the 112-bit wide memory is 
loaded into the 1DT49FCT818 registers on the low-to-high transi- 
tion of PCLK. Reading and writing of the memory by means of the 
Serial Protocol Channel are performed using the protocol of the 
IDT49FCT818. (For details of this operation, please refer to the 
IDT49FCT818 data sheet.) The data to be loaded can be shifted in 
the serial data input by using the SCLK and a load command exe- 
cuted by shifting the proper command word in the serial data input 
when the C/D line is in the command mode. This command will 
then be executed by manipulating the C/D line and SCLK line in 
the desired fashion. Data is then written into the RAM by bringing 
the write enable line on the RAM memory from the high state to the 
low state and back to the high state. 

The IDT7MB6042 is offered as a compact, cost-effective plastic 
quad In-line module and occupies less than 9 square inches of 
board space. 



COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Ino. 


4-249 













Product Selector and Cross Reference Guides 

Technoiogy/Capabilities 

Quality and Reliability 

Static RAMs 

Dual-Port RAMs 

FIFO Memories 

Digital Signal Processing (DSP) 

Bit-Slice Microprocessor Devices (MICROSLICE™) and EDC 
Reduced Instruction Set Computer (RISC) Processors 
Logic Devices 
Data Conversion 

E 2 FROMS-Eiectrically Erasable Programmable Read Only 
Memories 

Subsystems Modules 
Application and Technical Motes 


Package Diagram Outlines 



DUAL-PORT RAMS 


Integrated Device Technology has emerged as the leading 
Dual-Port RAM supplier by combining advanced CEMOS technol- 
ogy with innovative circuit design. With system performance ad- 
vantages as a goal, we have brought system design expertise to- 
gether with circuit and technology expertise in defining dual-port 
RAM products. Our dual-port memories are now industry stan- 
dards. 

The synergistic relationship between advanced process tech- 
nology, system expertise and unique design capability add value 
beyond that normally achieved. As an example, our dual-port 
memories provide arbitration along with a completely tested solu- 
tion to the metastability problem. Various arbitration techniques 
are available to the designer to prevent contention and system wait 
states. On-chip hardware arbitration, “semaphore” token passing 


or software arbitration allow the most efficient memory to be 
selected for each application. At IDT, innovation counts only when 
it provides system advantages to the user. 

Both commercial and military versions of all IDT memories are 
available. Our military devices are manufactured and processed 
strictly in conformance with all the administrative processing and 
performance requirements of MIL-STD-883. Because we antici- 
pated increased military radiation resistance requirements, all de- 
vices are also offered with special radiation resistant processing 
and guarantees. As the leading supplier of military specialty RAMs, 
IDT provides performance and quality levels second to none. 

Our commercial dual-port memories, in fact, share most proc- 
essing steps with military devices. 
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CMOS DUAL-PORT RAMS 
8K(1Kx 8-BIT) 


IDT7130SA/LA 

IDT7140SA/LA 


FEATURES: 

• High-speed access 

- Military: 45/55/70/90/1 00/1 20ns (max.) 

- Commercial: 35/45/55/70/90/1 00ns (max.) 

• Low-power operation 

- IDT7130/40SA 
Active: 325mW (typ.) 

Standby: 5mW (typ.) 

- IDT7130/40LA 
Active: 325mW (typ.) 

Standby: ImW (typ.) 

• MASTER I DT7 1 30 easi ly expands data bus width to 1 6-or-more- 
bits using SLAVE IDT7140 

• On-chip port arbitration logic (IDT7130 only) 

• BUSY output flag on IDT7130; BUSY input on IDT7140 

• I NT flag for port-to-port communication 

• Fully asynchronous operation from either port 

• Battery backup operation— 2V data retention 

• TTL-compatible, single 5V±10% power supply 

• Military product compliant to MIL-STD-883, Class B 


• Standard Military Drawing# 5962-86875 is pending listing on 
this function. Refer to Section 2/page 2-4. 


DESCRIPTION: 


The IDT7130/IDT7140 are high-speed IK x 8 dual-port static 
RAMs. The IDT7130 is designed to be used as a stand-alone 8-bit 
dual-port RAM or as a “MASTER” dual-port RAM together with the 
IDT7140 “SLAVE” dual-port in 16-bit-or-more word width systems. 
Using the IDT MASTER/SLAVE dual-port RAM approach in 16-or- 
more-bit memory system applications results in full-speed, error- 
free operation without the need for additional discrete logic. 

Both devices provide two independent ports with separate con- 
trol, address and I/O pins that permit independent, asynchronous 
access for reads or writes to any location in memory. An automatic 
power down feature, controlled by CE, permits the on-chip cir- 
cuitry of each port to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, these devices typically operate on only 325mW of power at 
maximum access times as fast as 35ns. Low-power (LA) versions 
offer battery backup data retention capability, with each dual-port 
typically consuming 200pW from a 2 V battery. 

The IDT7130/7140 devices are packaged in 48-pin sidebraze or 
plastic DIPs, 48- or 52-pin LCCs, 52-pin PLCCs, and 48-lead 
flatpacks. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 



NOTES: 

1 . IDT71 30 (MASTER): BUSY is open drain output and requires pullup resistor. 

IDT7140 (SLAVE): E037 is input. 

2. Open drain output: requires pullup resistor. 

CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (1 K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


CTlC 

R^lC 


A 0 l^ 

a, l 

A 2 lC 

A 3 lC 

A 4l£ 

A 5L^ 

A 6L E 

A 7L 

A 8L jl 

AgLp 

l/O 0L C 

l/0, L 


I/O. 


'3l> 


l/O fi 


1 


48 

2 


47 

3 


48 

4 


45 

5 


44 

6 


43 

7 


42 

8 


41 

9 


40 

10 


39 

ii 

P48-1, 

38 

12 

C48-1 

37 

13 

& 


14 

C48-2 

35 

15 


34 

16 


33 

17 


32 

18 


31 

19 


30 

20 


29 

21 


28 

22 


27 

23 


26 

24 


25 


3 R/Wr 


DIP 

TOP VIEW 



52-PIN LCC/PLCC 
TOP VIEW 


ABSOLUTE MAXIMUM RATINGS 01 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.5 

1.5 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

v, L 

Input Low Voltage 

-0.5d> 

- 

0.8 

V 


NOTE: 

1. V| L (min.) = -3.0V for pulse width less than 20ns. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55 °C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT7130SA/LA AND IDT7140SA/LA 

CMOS DUAL-PORT RAMS 8K (IK x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = s.ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7130SA 
IDT7140SA 
MIN. MAX. 

IDT7130LA 

IDT7140LA 

MIN. MAX. 

UNIT 

!Bm 

Input Leakage Current 

V cc = 5.5V, V IN = OVtoVcc 

- 

10 

- 

5 

p.A 

1 *L0 1 

Output Leakage Current 

CE = V|h ■ V 0UT = OVtoVcc 

- 

10 

- 

5 

M-A 

V 0L 

Output Low Voltage (I/Oq— l/0 7 ) 

Iqj_ — 4.0mA 

- 

0.4 

- 

0.4 

V 

V 

Open Drain Output Low 

Voltage (BOSY, (NT) 

I 0 l = 16mA 

- 

0.5 

- 

0.5 

V 

Vqh 

Output High Voltage 

Iqh = -4mA 

2.4 

- 

2.4 

- 

V 


5 


1 . x in part numbers indicates power rating (SA or LA). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. f M AX = 1/t RC = All inputs cycling atf = 1/t RC (exceptOutput Enable), f = 0 means no address or control lines change. Applies only to inputs at CMOS level 
standby. I SB3 . 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE m (V cc = 5.ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

7130 x 35 (2 > 
7140x35( 2 ) 

7130x45 

7140x45 

7130x55 

7140x55 

7130x70 

7140x70 

7130x90 

7140x90 


UNIT 

TYP. MAX. 

TYP. MAX. 

TYP. MAX. 

TYP. MAX. 


TYP. MAX. 

B 

Dynamic Operating 
Current (Both Ports 
Active) 

CE = V| L 

Outputs Open 

f = f MAX< 4 > 

MIL. SA 
LA 

: : 

75 230 
75 185 

65 230 
65 185 

65 225 

65 180 

65 200 
65 160 


mA 

COM'L. 

75 195 

75 155 

75 190 
75 145 

65 180 
65 140 

65 180 

65 135 

65 180 
65 130 

65 180 

65 130 

B 

Standby Current 
(Both Ports -TTL 
Level Inputs) 

CE l and GE R > V iH 

f = f M AX< 4 ' 

MIL. SA 
LA 

- - 

25 65 

25 55 

25 65 

25 55 

25 65 

25 55 

25 65 

25 45 

25 65 

25 45 

mA 

COM'L. la 

25 65 

25 45 

25 65 

25 45 

25 65 

25 45 

25 60 

25 40 

25 55 

25 35 

25 55 

25 35 

B 

Standby Current 
(One Port— TTL 

Level Inputs) 

CE L orCE R > V 1H 
Active Port Outputs 
Open, f = f MAX W 

MIL. SA 
LA 

- “ 

40 135 
40 110 

40 135 

40 110 

40 135 

40 110 

40 125 
40 100 

40 125 

40 100 

mA 

COM'L. ^ 

!■ 

40 120 
40 85 

40 115 
40 85 

40 110 

40 85 

40 110 

40 75 

40 110 

40 75 

■ 

Full Standby Current 
(Both Ports -All 
CMOS Level Inputs) 

Both Ports CE l and 
CEr> Vcc -0.2V 

Vin > Vcc -0.2V or 
V 1N < 0.2V. f = 0< 4 > 

MIL. la 

— — 

1.0 30 
0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

mA 

COM'L. 

LA 

1.0 15 

0.2 4 


1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4.0 

1 

Full Standby Current 
(One Port -All 

CMOS Level Inputs) 

One Port CE L or 
CEr > V cc -0.2V 

Mu SV CC -0.2V or 
V IN < 0.2V 

Active Port Outputs 
Open, f = f MAX ( 4 ) 

MIL. 

LA 

- 

40 125 
35 95 

40 120 
35 90 

40 115 

35 85 

40 110 

35 80 

40 110 

35 80 

mA 

CA 

COM’L. 

40 115 

35 90 

40 105 
35 80 

40 100 
35 75 

40 100 

35 75 

40 95 

35 70 

40 95 

35 70 


NOTES: 
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IDT7130SA/LA AND 1DT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS (L Version Only) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7130LA/IDT7140LA 

MIN. TYP.W MAX. 

UNIT 

V 

DR 

Vcc for Data Retention 



2.0 

- 

- 

■ 

■ 


Data Retention Current 

V cc = 2.0V, CE> V cc -0.2V 

MIL 

- 

100 

4000 

|lA 


CCDR 

COM'L. 

- 

100 

1500 

pA 


Chip Deselect to Data Retention Time 

V, N >Vcc -0.2V or V| N < 0.2 V 


0 


- 

ns 

□ 

r< 3 > 

Operation Recovery Time 



fRC (2) 

- 

- 

ns 


NOTES: 

1. Vcc = 2V,T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


DATA RETENTION WAVEFORM 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 & 3 


5V 5V 5V 



Figure 1. Output Load Figure 2. Output Load Figure 3. BUSY and INT 

(for tnzitLz^wz- and t ow ) Output Load 


Including scope and jig. 




























IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (1 K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

7130x 35 (2> 
7140 x 35' 2 ' 
MIN. MAX. 

7130x45 
7140x45 
MIN. MAX. 

7130x55 
7140x55 
MIN. MAX. 

7130x70 
7140x70 
MIN. MAX. 

7130x90 
7140x90 
MIN. MAX. 

7130x1 00/1 20 (3) 
7140x1 00/1 20< 3 > 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 

- 

wtm 

*AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 


*ACE 

Chip Enable Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 


l AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

35 

- 

40 

- 

40 

. - 

40/60 


*OH 

Output Hold From Address Change . 

0 

- 

0 

- 

0 

- 

0 

- 

10 

- 

10 

- 

m 

*12 

Output Low Z Time ('• 4 ) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

— 

*HZ 

Output High Z Time (V 4) 

_ 

15 

- 

20 

- 

30 

- 

35 

- 

40 

- 

40 

8HB 

*PU 

Chip Enable to Power Up Time < 4 > 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


*PD 

Chip Disable to Power Down Time! 4 ) 

- 

50 

- 

50 

- 

50 

- 

50 

- 

50 

- 

50 

RSI 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1, 2 and 3). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 

TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE <1>2 ’ 4) 



*RC 


ADDRESS ^ 

{ } 




l AA 

r* *oh ►] 



*OH 


DATA 0UT PREVIOUS DATA VALID j 

C 

[XX) 

( DATA VALID )j 

XX 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE <1>3) 


CE 


OE 




DATA our 


1 


sFHl 


/ 


JT 



SBSm 

R 

|~ l PD ' 

CURRENT ? 

L 50% 

50%) 


NOTES: 

1. R/W is high for Read Cycles. 

2. Device is continuously enabled. CE = V| L . 

3. Addresses valid prior to or coincident with CE transition low. 
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IDT7130SA/LA AND IDT7140SA/LA 

CMOS DUAL-PORT RAMS 8K (IK x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (6) 


SYMBOL 

PARAMETER 

7130x35 <2) 
7140x35 <2) 
MIN. MAX. 

7130x45 
7140 x 45 
MIN. MAX. 

7130x55 
7140x55 
MIN. MAX. 

7130x70 
7140x70 
MIN. MAX. 

7130 x 90 
7140x90 
MIN. MAX. 

7130x1 00/1 20 (3> 

7140 x 100/1 20< 3 > 

MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time < 5 > 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 

- 


l EW 

Chip Enable to End of Write 

30 

- 

35 

- 

40 

- 

50 

- 

85 

- 

90/100 

- 


*AW 

Address Valid to End of Write 

30 

- 

35 

- 

40 

- 

50 

- 

85 

- 

90/100 

- 


*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

. - 


*WP 

Write Pulse Width 

30 

- 

35 

- 

40 

_ 

50 

_ 

55 

_ 

55/65 

- 

BH 

l WR 

Write Recovery Time 

0 

— 

0 

— 

0 

_ 

0 


0 

— 

0 

— 

BW1 

*DW 

Data Valid to End of Write 

20 

- 

20 

. — 

20 

_ 

30 


40 

— 

40 

_ 

BH 

l HZ 

Output High Z Time! 14 ) 

- 

15 

- 

20 

- 

30 

- 

35 

- 

40 

- 

40 

BiB 

l DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


*wz 

Write Enabled to Output in 

High Z (i.4) 

- 

15 

- 

20 

- 

30 

- 

35 

- 

40 

- 

40/50 

ns 

l OW 

Output Active From End of Write 0-4) 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 



NOTES: 


1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1, 2 and 3). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 

5. For MASTER/SLAVE combination. t wc = t BAA + t WP . 

6. “x" in part numbers indicates power rating (S or L). 
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IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IK x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, (R/W CONTROLLED TIMING) (1>2>3>7) 




— t to 


* l WC 

ADDRESS } 

< > 

< 


“* t AW ► 



CE 

\ - _/ 

^ ^EW ^ 

/ 

'wR 


R/W 

nATA .. . 


y 

l DW ►) 

y 

■* l DH ► 

\ 

IN 

/ 


NOTES: 

1. R/W must be high during all address transitions. 

2. A write occurs during the overlap (tew or t WP ) of a low CE and a low R/W. 

3. t W R is measured from the earlier of CE or R/W going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state and input signals must not be applied. 

5. If the CE low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). 

7. If 5E is low during a R/W controlled write cycle, the write pulse width must be_the larger of t WP or t w2 + t DW to allow the I/O drivers to turn off and 
data to be placed on the bus for the required t DW . If OE is high during an R/W controlled write cycle, this requirement does not apply and the write 
pulse can be as short as the specified t WP . 




1DT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE <8) 


SYMBOL 

PARAMETER 

7130x35 {1) 
7140x35 {,) 
MIN. MAX. 

7130x45 
7140x45 
MIN. MAX. 

7130x55 
7140x55 
MIN. MAX. 

7130x70 
7140x70 
MIN. MAX. 

7130x90 
7140x90 
MIN. MAX. 

7130x100/120 (2> 
7140 x 100/1 20< 2 > 
MIN. MAX. 

UNIT 

BUSY TIMING 


mm 

Write to BUSY < 3 ' 6 > 

0 

- 

0 

- 

0 

- 

0 


0 

- 

0 


*WH 

Write Hold After BUSY < 7 > 

20 

- 

20 

- 

20 

- 

20 

20 

- 

20 


*BAA 

BUSY Access Time to Address 

- 

35 

- 

35 

- 

45 

- 

45 

- 

45 

- 

50/60 

*bda 

BUSY Disable Time to Address 

- 

30 

- 

35 

- 

40 

- 

40 

- 

45 

- 

50/60 

l BAC 

BUSY Access Time to Chip Enable 

- 

30 

- 

30 

- 

35 

- 

35 

- 

45 

- 

50/60 

'bdc 

BUSY Disable Time to Chip Enable 

- 

25 

- 

25 

- 

30 

- 

30 

- 

45 

- 

50/60 

*WDD 

Write Pulse to Data Delay (4 > 

- 

60 

- 

70 

- 

80 

- 

90 

- 

100 

- 

120/140 

'odd 

Write Data Valid to Read Data 

Delay! 4 ) 

- 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 

*APS 

Arbitration Priority Set-up Time 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 


l BD0 

BUSY Disable to Valid Data ( 5 > 

- 

Note 5 

- 

Note 5 

- 

Note 5 

- 

Note 5 

- 

Note 5 

- 

Note 5 


NOTES: 


1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. For SLAVE part (IDT7140) only. 

4. Port-to-port delay through RAM cells from writing port to reading port. 


5. t BDD is a calculated parameter and is the greater of 0, t WDD - t W p (actual) 
or 'odd- t DW (actual). 

6. To ensure that the write cycle is inhibited during contention. 

7. To ensure that a write cycle is completed after contention. 

8. "x” in part numbers indicates power rating (S or L). 
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IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 



CAPACITANCE (t a = +25 °c. f = i.omhz) 



PARAMETER W 

CONDITIONS 

MAX. 

UNIT 

Input Capacitance 

V, N = ov 

11 

PF 

Output Capacitance 

Vout= OV 

11 

PF 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 





















IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 1, CE ARBITRATION 

CE l VALID FIRST: 



TIMING WAVEFORM OF CONTENTION CYCLE NO. 2, ADDRESS VALID ARBITRATION (1) 

LEFT ADDRESS VALID FIRST: 



RIGHT ADDRESS VALID FIRST: 
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1DT7130SA/LA AND 1DT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


7130x35 (1) 7130x45 7130x55 7130x70 7130x90 

7140x35 (1) 7140x45 7140x55 7140x70 7140x90 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 


PARAMETER 


INTERRUPT TIMING 


'as 

Address Set-up Time 

0 

0 

0 

0 

0 

0 

'wR 

Write Recovery Time 

0 

0 

0 

0 

0 

0 

'ins 

Interrupt Set Time 

35 

40 

45 

50 

55 

60/70 

'|NR 

Interrupt Reset Time 

35 

40 

45 

50 

55 

60/70 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°Cto +125°C temperature range only. 


TIMING WAVEFORM OF INTERRUPT MODE 

LEFT SIDE SETS INTr : 


RIGHT SIDE CLEARS INTr 


NOTES: 

1 . ce l = c e r = v, l 

2. INT L and INT R are reset to ^OH during power up 















































IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (IKx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF INTERRUPT MODE (, ’ 2) 
RIGHT SIDE SETS iNT L : 

ADDR R 
R/W r 

Tnt l 

LEFT SIDE CLEARS TnT L : 



NOTES: 

1. CEl=CEr=V il 

2. INTr and IN\ are reset (high) during power up. 



16-BIT MASTER/SLAVE DUAL-PORT MEMORY SYSTEMS 


LEFT RIGHT 



NOTE: 

1. No arbitration in IDT7140 (SLAVE). BUSY-IN inhibits write in IDT7140 (SLAVE). 
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IDT7130SA/LA AND 1DT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (1 K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION: 

The I DT7 130/40 provides two ports with separate control, ad- 
dress and I/O pins that permit independent access for reads or 
writes to any location in memory. The I DT7 130/40 has an automatic 
power down feature controlled by CE. The CE controls on-chip 
power down circuitry that permits the respective port to go into a 
standby mode when not selected (CE high). When a port is en- 
abled, access to the entire memory array is permitted. Each port 
has its own Output Enable control (OE) . In the read mode, the port's 
OF turns on the output drivers when set LOW. Non-contention 
READ/WRITE conditions are illustrated in Table I. 

The interrupt flag (INT) permits communication between ports 
or systems. If the user chooses to use the interrupt function, a mem- 
ory location (mail box or message center) is assigned to each port. 
The left port interrupt flag (INT u) is set when the right port writes to 
memory location 3FE (HEX). The left port clears the interrupt by 
reading address location 3FE. Likewise, the right port interrupt flag 
(INT r ) is set when the left port writes to memory location 3FF (HEX) 
and to clear the interrupt flag (INT R ), the right port must read the 
memory location 3FF. The message (8 bits) at 3FE or 3FF is user- 
defined. If the interrupt function is not used, address locations 3FE 
and 3FF are not used as mail boxes, but as part of the random ac- 
cess memory. Refer to Table II for the interrupt operation. 

ARBITRATION LOGIC, 

FUNCTIONAL DESCRIPTION: 

The arbitration logic will resolve an address match or a chip en- 
able match down to 5ns mini mum a nd determine which port has 
access. In all cases, an active BUSY flag will be set for the delayed 
port. 

The BUSY flags are provided for the situation when both ports 
simultaneously access the same memory location. When this situ- 
ation occurs, on-chip arbitration logic will det ermin e which port has 
access and sets the delayed port’s BUSY flag. BUSY is set at 
speeds that permit the processor to hold the operation and its re- 
spective address and data. It is impo rtant to note that the operation 
is invalid for the po rt that h as BUSY set LOW. The delayed port will 
have access when BUSY goes inactive. 


Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-chip ar- 
bitration logic determines access. Two modes of arbitration are 
provided: (1) if the addresses match and are valid before CE, on- 
chip control logic arbitrates between CE L andCE R for access; or (2) 
if the CEs are low before an address match, on-chip control logic 
arbitrates between the left and right addresses for acce ss (refe r to 
Table III). In either mode of arbitration, the delayed port’s BUSY flag 
is set and will reset when the port granted access completes its 
operation. 


DATA BUS WIDTH EXPANSION, 

MASTER/SLAVE DESCRIPTION: 

Expanding the data bus width to sixteen-or-more-bits in a dual- 
port RAM system implies that several chips will be active at the 
same time. If each chip includes a hardware arbitrator, and the ad- 
dresses for each chip a rrive at the same time, it is po ssible t hat one 
will activate its BUSY L while another activates its BUSY R signal. 
Both sides are now busy and the CPUs will wait indefinitely for their 
port to become free. 

To avoid this “Busy Lock-Out” problem, IDT has developed a 
MASTER/SLAVE approach where onl y one h ardware arbitrator, in 
the MASTER, is used. The SLAVE has BUSY inputs which allow an 
interface to the MASTER with no external components and with a 
speed advantage over other systems. 

When expanding dual-port RAMs in widt h, the writing of the 
SLAVE RAMs must be delayed, until after the BUSY input has set- 
tled. Otherwise, the SLAVE chip may begin a write cycle during a 
contention sit uation . Conversely, the write pulse must extend a 
hold time past BUSY to ensure that a write takes place after the con- 
tention is resolved. This timing is inherent in all dual-port memory 
systems where more than one chip is active at the same time. 

The write pulse to the SLAVE should be delayed by the maxi- 
mum arbitration time of the MASTER. If, then, a co ntentio n occurs, 
the write to the SLAVE will be inhibited due to BUSY from the 



MASTER. 
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IDT7130SA/LA AND IDT7140SA/LA 
CMOS DUAL-PORT RAMS 8K (1 K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLES 

TABLE I -NON-CONTENTION 
READ/WRITE CONTROL < 4> 


LEFT OR RIGHT PORT U) 

FUNCTION 

133 

mt 


Do-7 

X 

H 

X 

z 

Port Disabled and in Power Down 
Mode, Isb 2 or Isb4 

X 

H 

X 

z 

CEr = CE l = H, Power Down 
Mode, Isbi or Isb3 

a 

L 

n 

DATA | N 

Data on Port Written Into Memory (2) 

n 

L 

L 

DATA out 

Data in Memory Output on Port (3) 

m 

L 

wm 

Z 

High Impedance Outputs 


NOTES: 

1 . A ql - A 9 L* AoR-AgR 

2. If BUSY = L, data is not written. 

3. If BUSY = L, data may not be valid, see t WDD and t DDD timing. 

4. H = HIGH. L = LOW. X = DON’T CARE, Z = HIGH IMPEDANCE 


TABLE II -INTERRUPT FLAG (1 ’ 4) 


LEFT PORT 

RIGHT PORT 

FUNCTION 

r/w l 

El 

OE L 


INT l 

R/Wr 

CEr 

oe r 


INTr 

L 

L 

X 

3FF 

X 

X 

X 

X 

X 

L< 2 > 

Set Right INTr Flag 

X 

X 

X 

X 

X 

X 

L 

L 

3FF 

h< 3 > 

Reset Right TnTr Flag 

X 

X 

X 

X 

L < 3 ) 

L 

L 

X 

3FE 

X 

Set Left iNT L Flag 

X 

L 

L 

3FE 

H<2) 

X 

X 

X 

X 

X 

Reset Left INT l Flag 


NOTES: _____ 

1. Assumes bDSY l =BUSYr = H. 3. lflU§Y R = L. then NC. 

2. If BUSY l = L. then NC. 4. H = HIGH. L= LOW, X = DON’T CARE, NC= NO CHANGE 


TABLE III- ARBITRATION <2) 


LEFT PORT 

RIGHT PORT 

FLAGS 0) 

FUNCTION 

CE l 

Aol- A 9L 

CE„ 

Aol - AgR 

BUSY l 

BUSYr 

H 

X 

H 

X 

H 

H 

No Contention 

L 

Any 

H 

X 

H 

H 

No Contention 

H 

X 

L 

Any 

H 

H 

No Contention 

L 

*■ AoR-AgR 

L 

* Aql -Aql 

H 

H 

No Contention 

ADDRESS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L 

LV5R 

L 

LV5R 

H 

L 

L-Port Wins 

L 

RV5L 

L 

RV5L 

L 

H 

R-Port Wins 

L 

Same 

L 

Same 

H 

L 

Arbitration Resolved 

L 

Same 

L 

Same 

L 

H 

Arbitration Resolved 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL5R 

= AoR-AgR 

LL5R 

= A0L-A9L 

H 

L 

L-Port Wins 

RL5L 

= A0R-A9R 

RL5L 

= A0L-A9L 

L 

H 

R-Port Wins 

LW5R 

= AoR-AgR 

LW5R 

= A01-A9L 

H 

L 

Arbitration Resolved 

LW5R 

= Aor-Abr 

LW5R 

= A0L-A9L 

L 

H 

Arbitration Resolved 


NOTE: 

1 . INT Flags Don't Care. 

2. X = DON'T CARE. L = LOW, H = HIGH 

LV5R = Left Address Valid > 5ns before right address. 
RV5L = Right Address Valid > 5ns before left address. 


Same = Left and Right Addresses match within 5ns of each other. 
LL5R = Left CE = LOW > 5ns before Right CE. 

RL5L = Right CE = LOW_> 5ns before Left CE. 

LW5R = Left and Right CE = LOW within 5ns of each other. 
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ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto + 125°C) 
Compliant to MIL-STD-883. Class B 


Plastic DIP 

Sidebraze DIP 

Plastic Leaded Chip Carrier 

48-Pin Leadless Chip Carrier 

52-Pin Leadless Chip Carrier 

Flatpack 

Commercial Only 


Speed in Nanoseconds 


Military Only ) 

Low Power 
Standard Power 

8K (IK x 8-Bit) MASTER Dual-Port RAM 
8K (IK x 8-Bit) SLAVE Dual-Port RAM 





CMOS DUAL-PORT RAM 

IDT7132SA/LA 

16K (2K x 8-BIT) 

IDT7142SA/LA 


FEATURES: 

• High-speed access 

- Military: 45/55/70/90/1 00/1 20ns (max.) 

- Commercial: 35/45/55/70/90/1 00ns (max.) 

• Low-power operation 

- IDT7132/42SA 
Active: 325mW (typ.) 

Standby: 5mW (typ.) 

- IDT7132/42LA 
Active: 325mW (typ.) 

Standby: ImW (typ.) 

• MASTER IDT7132 easily expands data bus width to 1 6-or-more 
bits using SLAVE IDT7142 

• On-chip port arbitration logic (IDT7132 only) 

• BUSY output flag on IDT7132; BUSY input on IDT7142 

• Fully asynchronous operation from either port 

• Battery backup operation— 2V data retention 

• TTL-compatible, single 5V±10% power supply 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87002 is pending listing on 
this function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT7132/IDT7142 are high-speed 2K x 8 dual-port static 
RAMs. The IDT7132 is designed to be used as a stand-alone 8-bit 
dual-port RAM or as a “MASTER” dual-port RAM together with the 
IDT7142 "SLAVE" dual-port in 16-bit-or-more word width systems. 
Using the IDT MASTER/SLAVE dual-port RAM approach in 16-or- 
more-bit memory system applications results in full-speed, error- 
free operation without the need for additional discrete logic. 

Both devices provide two independent ports with separate con- 
trol, address and I/O pins that permit independent, asynchronous 
access for reads or writes to any location in memory. An automatic 
power down feature, controlled by CE, permits the on-chip cir- 
cuitry of each port to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, these devices typically operate on only 325mW of power at 
maximum access times as fast as 35ns. Low-power (LA) versions 
offer battery backup data retention capability, with each dual-port 
typically consuming 200 jjiW from a 2V battery. 

The IDT7132/7142 devices are packaged in a 48-pin sidebraze 
or plastic DIP, 48- or 52-pin LCC, 52-pin PLCC, and a 48-lead 
flatpack. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 



NOTES: 

1. IDT7132 (MASTER): BUSY is open drain output and requires pullup resistor. 

IDT7142 (SLAVE): E037 is input. 

CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT7132SA/LA AND 1DT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 

CE l d"i" 

R/WlC 2 
EDSY.tl 1 * 3 * * * 
AiolC 4 
OE L C s 

Ail£ 7 
A 2L C 3 

A 3L C 9 
A 4 , □ 


“’C7- 


A 5l C ii 

Agj_C 12 

A 7L tI 13 

^ 

AgL^ 

i/o 0L C 16 

l/0 1L C 17 

l/0 2L C 18 

l/0 3L C 19 

|/0 4L C 20 
l/0 5L C 21 
l/0 6L C 22 
l/0 7L d 23 
GNDEZ 24 


P48-1 , 
C48-1 
& 

C48-2 


DIP 

TOP VIEW 


Vcc 

CEr 

R/Wr 

BUSY r 

Aior 

DE r 

Aor 

a ir 

A 2 r 

A 3 R 

A 4 r 

A5R 

A6R 

A7R 

A 8R 

AgR 

I/0 7 r 

1/OflR 

I/O 5 R 

I/O 4 R 

l/0 3 R 

l/ 0 2 R 

1/OlR 

^OoR 



52-PIN LCC/PLCC 
TOP VIEW 



ABSOLUTE MAXIMUM RATINGS m 



RATING 

COMMERCIAL 

MILITARY 

IUM1 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

EH 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 


Storage 

Temperature 

-55 to +125 


B 


Power Dissipation 

1.5 

1.5 

w 

bur 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 

INGS may cause permanent damage to the device. This is a stress rat- 

ing only and functional operation of the device at these or any other 

conditions above those indicated in the operational sections of this 

specification is not implied. Exposure to absolute maximum rating con- 

ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V + 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

■a 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V ,L 

Input Low Voltage 

-0.5(1) 

- 

0.8 

V 


NOTE: 

1. V| L (min.) = -3.0V for pulse width less than 20ns. 
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IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2K x 8 -BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = 5.ov±io%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7132SA 
IDT7142SA 
MIN. MAX. 

IDT7132LA 

IDT7142LA 

MIN. MAX. 

UNIT 


Input Leakage Current 

V cc = 5.5V, V lN = OV to V C c 

10 

- 

5 

( 1 A 

HIBH 

Output Leakage Current 

CE = V| H ,V 0UT = OVto V cc 

10 

- 

5 

)XA 

V OL 

Output Low Voltage (l/O 0 - I/O 7 ) 

■ol = 4mA 

0.4 

- 

0.4 

V 

V OL 

Open Drain Output Low 

Voltage (BUSY) 

l 0L = 16mA 

0.5 

- 

0.5 

V 

Vdh 

Output High Voltage 

Iqh = -4mA 

2.4 

2.4 

- 

V 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (1) (V cc = 5.ov±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

7132 x 35< 2 > 
7142x35(2) 

7132x45 
7142 x 45 

7132x55 

7142x55 

7132x70 

7142x70 

7132x90 
7142 x 90 

7132 x 100/120( 3 ) 
7142 X 100/120( 3 ) 

UNIT 

TYP. MAX. 

TYP. MAX. 

TYP. MAX. 

TYP. MAX. 


TYP. MAX. 

H 

Dynamic Operating 
Current (Both Ports 
Active) 

CE =V| L 

Outputs Open 
f = Imax ( 4 ) 

MIL. SA 
LA 

- 

75 230 
75 185 

65 230 
65 185 

65 225 

65 180 

65 200 
65 160 

65 190 

65 155 

mA 

COM’L. la 

75 195 

75 155 

75 190 

75 145 

65 180 

65 140 

65 180 

65 135 

65 180 

65 130 

65 180 

65 130 

B 

Standby Current 
(Both Ports -TTL 
Level Inputs) 

CE L and CE R >V, H 
f = 'max (4) 

MIL. SA 
LA 

_ _ 

25 65 

25 55 

25 65 

25 55 

25 65 

25 55 

25 65 

25 45 

25 65 

25 45 

mA 

COM’L. la 

25 65 

25 45 

25 65 

25 45 

25 65 

25 55 

25 60 

25 40 

25 55 

25 35 

25 55 

25 35 

■sB2 

Standby Current 
(One Port -TTL 

Level Inputs) 

CE L or CE R > V |H 
Active Port Outputs 
Open, f = f max (4) 

MIL. SA 
LA 

_ _ 

40 135 
40 110 

40 135 

40 110 

40 135 

40 110 

40 125 
40 100 

40 125 

40 100 

mA 

CA 

COM’L. [a 

40 130 

40 95 

40 120 
40 85 

40 115 

40 85 

40 110 

40 85 

40 110 

40 75 

40 110 

40 75 

n 

Full Standby Current 
(Both Ports -All 
CMOS Level Inputs) 

Both Ports CE l and 
CE R > V cc -0.2V 

Vin 5 Vcc “0.2V or 
V, N < 0.2V. f = 0<4) 

M'L. la 

- - 

1.0 30 
0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

mA 

COM'L. ®A 
LA 

1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4 

1.0 15 

0.2 4.0 

■ 

Full Standby Current 
(One Port -All 

CMOS Level Inputs) 

One Port CE l or 

CE R > V C q-0.2V 

V,n ^ V cc -0.2V or 
V IN ^ 0.2V 

Active Port Outputs 
Open, f = f max (4) 

MIL. SA 

- - 

40 125 
35 95 

40 120 

35 90 

40 115 

35 85 

40 110 

35 80 

40 110 

35 80 

mA 

COM'L. la 

40 115 

35 90 

40 105 
35 80 

40 100 
35 75 

40 100 

35 75 

40 95 

35 70 

40 95 

35 70 


NOTES: 

1 . x in part numbers indicates power rating (SA or LA). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. fwiAX = All inputs cycling at f = 1/t RC (except Output Enable), f = Omeansnoaddressorcontrol lines change. Applies only toinput at CMOS level standby, 
^SB3' 
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IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS (LA Version Only) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

1 DT7 1 32 LA/I DT71 42 LA 

MIN. TYP. (1) MAX. 

UNIT 

Ydr 

V C c ,or Data Retention 



2.0 

- 

- 

V 

mm 

Data Retention Current 

V cc = 2.0V, CE >V CC -0.2V 
V| N >Vcc-0.2VorV 1N <; 0.2 V 

MIL. 

- 

100 

4000 

pA 

■■ 

COM'L. 

- 

100 

1500 

pA 

*cdr (3) 

Chip Deselect to Data Retention Time 



0 

- 

- 

ns 

t R (3) 

Operation Recovery Time 



*rc <2) 

- 

- 

ns 


NOTES: 

1. V cc = 2V, T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


DATA RETENTION WAVEFORM 


V C c 

CE 


DATA RETENTION MODE 


l CDR 



4.5V 

N; V dr > 2V -J 

Vdr 

C 

4.5V 


V////7 

L \ 

V,H 


/ — 

V,H 

AWW 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 & 3 


5V 


5V 


5 V 


DATA our ■ 


775Q< 


1250Q 


4= lOOpF* 
(30pF for 
35ns & 45ns 
versions) 


Figure 1. Output Load 


DATAout 


775fl< 


1250n 
T 5pF* 


BUSY 


270T1 
i lOOpF* 


Figure 2. Output Load 
(for tnz.tLz.twzi and t ow ) 


Figure 3. BUSY Output 
Load 

(IDT7132 only) 


Including scope and jig. 
































IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (5> 


SYMBOL 

PARAMETER 

7132x35 (2) 
7142x35 <2> 
MIN. MAX. 

7132x45 
7142 x 45 

MIN. MAX. 

7132 x 55 
7142x55 
MIN. MAX. 

7132x70 
7142x70 
MIN. MAX. 

7132x90 
7142x90 
MIN. MAX. 

7132x100/120 (3) 
7142x 1 00/1 20< 3 > 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 

- 

ns 

*AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

- 

90 

- 

100/120 


*ACE 

Chip Enable Access Time 

- 

35 

- 

45 

- 

55 


70 

- 

90 

- 

100/120 


*AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

35 

- 

40 


40 

- 

40/60 

ns 

*OH 

Output Hold From Address Change 

0 

- 

0 

- 

0 

- 

0 

- 

10 

- 

10 

- 

■Si 

<LZ 

Output Low Z Time U- 4 > 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


»HZ 

Output High Z Time 0. 4 ) 

- 

15 

- 

20 

- 

30 

- 

35 

- 

40 

- 

40 

ns 

l PU 

Chip Enable to Power Up Time < 4 > 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD 

Chip Disable to Power Down Timet 4 ) 

- 

50 

- 

50 

- 

50 

- 

50 

- 

50 

- 

50 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1, 2 and 3). 

2. 0°Cto + 70 °C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 

5. “x” in part numbers indicates power rating (SA or LA). 


TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE (12 ' 4) 



*RC *" 


ADDRESS ^ 

( 3 

< 


M *AA 

r* 1 oh 



l OH ► 


DATA out 

PREVIOUS DATA VALID y 

EXX) 

( DATA VALID 

2X 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE (1 ’ 3) 



NOTES: 

1 . R/W is high for Read Cycles. 

2. Device is continuously enabled, CE = V| L . 

3. Addresses valid prior to or coincident with CE transition low. 
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IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K(2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (6) 


SYMBOL 

PARAMETER 

7132x 35 (2) 
7142 x 35^ 
MIN. MAX. 

7132x45 
7142x45 
MIN. MAX. 

7132x55 
7142x55 
MIN. MAX. 

7132x70 
7142x70 
MIN. MAX. 

7132x90 
7142x90 
MIN. MAX. 

7132 x 100/120 <3) 

7142x1 00/1 20< 3 ) 

MIN. MAX. 

UNIT 

WRITE CYCLE 

l wc 

Write Cycle Time (5) 

35 

45 


55 

- 

70 

- 

90 

- 

100/120 

ns 

l EW 

Chip Enable to End of Write 

30 

35 

40 

- 

50 

- 

85 

- 

90/100 

- 

ns 

*AW 

Address Valid to End of Write 

30 

35 

- 

40 

- 

50 

- 

85 

- 

90/100 

- 

E 

*AS 

Address Set-up Time 

0 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

E 

l WP 

Write Pulse Width 

30 

35 

- 

40 

- 

50 

- 

55 

- 

55/65 

- 

Eji 

l WR 

Write Recovery Time 

0 

0 

— 

0 

_ 

0 

_ 

0 

— 

0 

— 

1 

l DW 

Data Valid to End of Write 

20 

20 

- 

20 

- 

30 

_ 

40 

- 

40 

_ 

ns 

*HZ 

Output High Z Timed' 4 ) 

15 

- 

20 

- 

30 

- 

35 

- 

40 

- 

40 

ns 

*DH 

Data Hold Time 

0 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WZ 

Write Enabled to Output in 

High Z 0.4) 

15 

- 

20 

- 

30 

- 

35 

- 

40 

■ - 

40/50 

ns 

l OW 

Output Active From End of Write O' 4 ) 

0 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


NOTES: 

1 . Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 , 2 and 3). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 

5. For MASTER/SLAVE combination, t wc = t BAA + t WP . 

6. “x" in part numbers indicates power rating (SA or LA). 







































































































IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TIMING WAVEFORM OF WRITE CYCLE NO. 1 , (R/W CONTROLLED TIMING) (1 ' 2 - *• ' 71 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CE CONTROLLED TIMING) (1 ’ 2 - 3 - 5) 



NOTES: 

1 . R/W must be high during all address transitions. 

2. A write occurs during the overlap (tgw or t WP ) of a low CE and a low R/W. 

3. t WR is measured from the earlier of CE or R/W going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state and input signals must not be applied. 

5. If the CE low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). 

7. If CE is low during a R/W controlled write cycle, the write pulse width must be_the larger of t WP or (t wz + t D w) to allow the I/O drivers to turn off and 
data to be placed on the bus for the required t DW . If OE is high during an R/W controlled write cycle, this requirement does not apply and the write 
pulse can be as short as the specified t WP . 
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IDT7132SA/LA AND IDT7142SA/LA 

CMOS DUAL-PORT RAM 16K (2K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

7132x35 (1) 
7142 x 35 (1) 
MIN. MAX. 

7132x45 
7142x45 
MIN. MAX. 

7132x55 
7142x55 
MIN. MAX. 

7132x70 
7142x70 
MIN. MAX. 

7132x90 
7142x90 
MIN. MAX. 

7132x1 00/1 20 (2) 
7142 x 100/120( 2 > 
MIN. MAX. 

UNIT 


BUSY TIMING 


wm 

Write to BUSY (3 ' 6) 

0 

- 

0 

rn 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


*WH 

Write Hold After BUSY < 7 > 

20 

- 

20 

- 

20 

20 

- 

20 

- 

20 

- 

ns 


*BAA 

BUSY Access Time to Address 

- 

35 

- 

35 

- 

45 

- 

45 

- 

45 

- 

50/60 

■3 


*BDA 

BUSY Disable Time to Address 

- 

30 

- 

35 

- 

40 

- 

40 

- 

45 

- 

50/60 

ns 


l BAC 

BUSY Access Time to Chip Enable 

- 

30 

- 

30 

- 

35 

- 

35 

- 

45 

- 

50/60 



l BDC 

BUSY Disable Time to Chip Enable 

- 

25 

- 

25 

- 

30 

- 

30 

- 

45 

- 

50/60 

ns 


*WDD 

Write Pulse to Data Delay < 4 > 

- 

60 

- 

70 

- 

80 

- 

90 

- 

100 

- 

120/140 

ns 


l DDD 

Write Data Valid to Read Data 


35 


45 


55 


70 


90 


100/120 

ns 


Delay (4) 







1 I? 

*BDD 

BUSY Disable to Valid Data (5) 

- 

Note 5 

- 

Note 5 

- 

Note 5 

- 

'lote 5 

- 

Note 5 

- 

Note 5 

ns 

5 

*APS 

Arbitration Priority Set-up Time 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■ail 

LlU 


NOTES: 

1 . 0°C to +70°C temperature range only. 

2. -55°C to + 1 25°C temperature range only. 

3. For SLAVE part (IDT7142) only. 

4. Port-to-port delay through RAM cells from writing port to reading port. 

5. t BDD is a calculated parameter and is the greater of 0, t WD o " t W p (actual) or t DDD - t DW (actual). 

6. To ensure that the write cycle is inhibited during contention. 

7. To ensure that a write cycle is completed after contention. 

8. “x" in part numbers indicates power rating (SA or LA). 
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IDT7132SA/LA AND IDT7142SA/LA 

CMOS DUAL-PORT RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 





IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 1, CE ARBITRATION 

CE l VALID FIRST: 


ADDR 
LAND R 


ADDRESSES MATCH 



CE r VALID FIRST: 


ADDR 
LAND R 


ADDRESSES MATCH 



TIMING WAVEFORM OF CONTENTION CYCLE NO. 2, ADDRESS VALID ARBITRATION (1) 


LEFT ADDRESS VALID FIRST: 


t RC OR t W c 


ADDRESSES MATCH 


ADDRESSES DO NOT MATCH 


RIGHT ADDRESS VALID FIRST 


ADDRESSES MATCH 


ADDRESSES DO NOT MATCH 
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IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


16-BIT MASTER/SLAVE DUAL-PORT MEMORY SYSTEMS 


LEFT RIGHT 



R/W 

BUSY 


NOTE: 

1. No arbitration in IDT7142 (SLAVE). BUSY-IN inhibits write in IDT7142 (SLAVE). 
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1DT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION: 

The I DT7 132/42 provides two ports with separate control, ad- 
dress and I/O pins that permit independent access for reads or 
writes to any location in memory. These devices have an automatic 
power-down feature controlled by CE. The CE controls on-chip 
power-down circuitry that permits the respective port to go into a 
standby mode when not selected (CE high). When a port is en- 
abled, access to the entire memory array is permitted. Each port 
has its own Output Enable control (OF). In the read mode, the port’s 
OF turns on the output drivers when set LOW. Non-contention 
READ/WRITE conditions are illustrated in Table I. 


ARBITRATION LOGIC, 

FUNCTIONAL DESCRIPTION: 

The arbitration logic will resolve an address match or a chip en- 
able match down to 5ns mini mum a nd determine which port has 
access. In all cases, an active BUSY flag will be set for the delayed 
port. 

The BUSY flags are provided for the situation when both ports 
simultaneously access the same memory location. When this situ- 
ation occurs, on-chip arbitration logic will det ermin e which port has 
access and sets the delayed port's BUSY flag. BUSY is set at 
speeds that permit the processor to hold the operation and its re- 
spective address and data. It is imp ortant to note that the operation 
is invalid for the por t that h as BUSY set LOW. The delayed port will 
have access when BUSY goes inactive. 

Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-chip ar- 
bitration logic determines access. Two modes of arbitration are 
provided: (1) if the addresses match and are valid before CE, on- 
chip control logic arbitrates between CEl and CE R for access; or (2) 


if the CEs are low before an address match, on-chip control logic 
arbitrates between the left and right addresses for acce ss (refe r to 
Table II). In either mode of arbitration, the delayed port’s BUSY flag 
is set and will reset when the port granted access completes its op- 
eration. 

DATA BUS WIDTH EXPANSION, 

MASTER/SLAVE DESCRIPTION: 

Expanding the data bus width to sixteen-or-more-bits in a dual- 
port RAM system implies that several chips will be active at the 
same time. If each chip includes a hardware arbitrator, and the ad- 
dresses for each chip a rrive at the same time, it is po ssible t hat one 
will activate its BUSY L while another activates its BUSY R signal. 
Both sides are now busy and the CPUs will wait indefinitely for their 
port to become free. 

To avoid this “Busy Lock-Out” problem, IDT has developed a 
MASTER/SLAVE approach where onl y one h ardware arbitrator, in 
the MASTER, is used. The SLAVE has BUSY inputs which allow an 
interface to the MASTER with no external components and with a 
speed advantage over other systems. 

When expanding dual-port RAMs in widt h, the writing of the 
SLAVE RAMs must be delayed, until after the BUSY input has set- 
tled. Otherwise, the SLAVE chip may begin a write cycle during a 
contention sit uation. Conversely, the write pulse must extend a 
hold time past BUSY to ensure that a write cycle takes place after 
the contention is resolved. This timing is inherent in all dual-port 
memory systems where more than one chip is active at the same 
time. 

The write pulse to the SLAVE should be delayed by the maxi- 
mum arbitration time of the MASTER. If, then, a contention occurs, 
the write to the SLAVE will be inhibited due to BUSY from the 
MASTER. 


TRUTH TABLES 


TABLE I -NON-CONTENTION 
READ/WRITE CONTROL 


LEFT OR RIGHT PORT <’> 

FUNCTION 

R/W 

CE 

OE 

Do-7 

X 

H 

X 

Z 

Port Disabled and in Power Down 
Mode, Isb2 or l$B4 

X 

H 

X 

Z 

CE r = £E l = H. Power Down 
Mode, Isbi or Isb3 

L 

L 

X 

data in 

Data on Port Written Into Memory (2) 

H 

L 

L 

DATA out 

Data in Memory Output on Port (3) 

H 

L 

H 

Z 

High Impedance Outputs 


NOTES: 

1- A ql - Ai ql * Apr - Aiqr 

2. If BUSY = L, data is not written. 

3. If BUSY = L. data may not be valid, see t W0 D and t BDD timing. 
H = HIGH, L = LOW, X = DON'T CARE, Z = HIGH IMPEDANCE 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER (1 > 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = OV 

11 

pF 

C OUT 

Output Capacitance 

Vqut — 0V 

11 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 





IDT7132SA/LA AND IDT7142SA/LA 
CMOS DUAL-PORT RAM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIALTEMPERATURE RANGES 


TABLE II- ARBITRATION (2) 


LEFT PORT 

RIGHT PORT 

FLAGS (D 

FUNCTION 

CE l 

EM 

CE r 

. -l 

BUSY,. 

BUSYr 

H 

X 

H 

X 

H 

H 

No Contention 

L 

Any 

H 

X 

H 

H 

No Contention 

H 

X 

L 

Any 

H 

H 

No Contention 

L 

* Aor-Aior 

L 

* Aql -Aiol 

H 

H 

No Contention 

ADDRESS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L 

LV5R 

L 

LV5R 

H 

L 

L-Port Wins 

L 

RV5L 

L 

RV5L 

L 

H 

R-Port Wins 

L 

Same 

L 

Same 

H 

L 

Arbitration Resolved 

L 

Same 

L 

Same 

L 

H 

Arbitration Resolved 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL5R 

= Aor-Aior 

LL5R 

= Aol-Aiol 

H 

L 

L-Port Wins 

RL5L 

= Aor-Aior 

RL5L 

= Aol-Aiol 

L 

H 

R-Port Wins 

LW5R 

= Aor-Aior 

LW5R 

= Aol-Aiol 

H 

L 

Arbitration Resolved 

LW5R 

= Aor-Aior 

LW5R 

= Aol-Aiol 

L 

H 

Arbitration Resolved 


NOTE: 

1. X = DON'T CARE, L = LOW, H = HIGH 


2. LV5R = Left Address Valid > 5ns before right address. 

RV5L = Right Address Valid > 5ns before left address. 

Same = Left and Right Addresses match within 5ns of each other. 
LL5R = Left CE_= LOW > 5ns before Right CE. 

RL5L = Right CE = LOW > 5ns before Left CE. 

LW5R = Left and Right CE = LOW within 5ns of each other. 


ORDERING INFORMATION 


IDT 


XXXX 


A 999 

Device Type Power Speed 



Temperature 

Range 






Blank 

B 


P 

C 

J 

L 

F 

35 

45 

55 

70 

90 

100 

120 


LA 

SA 


7132 

7142 


Commercial (0°Cto +70°C) 

Military (-55°C to + 125°C) 

Compliant to MIl-STD-883, Class B 

Plastic DIP 

Sidebraze DIP (600 mil) 

Plastic Leaded Chip Carrier 

Leadless Chip Carrier- indicate 48- or 52-pin 

Flatpack 

Commercial Only 1 


> Speed in Nanoseconds 


Military Only J. 

Low Power 
Standard Power 

16K (2K x 8-Bit) MASTER Dual-Port RAM 
16K (2K x 8-Bit) SLAVE Dual-Port RAM 
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CMOS DUAL-PORT RAMS 

IDT71321SA/LA 

16K (2Kx 8-BIT) 

IDT71421SA/LA 

WITH INTERRUPTS 



FEATURES: 


DESCRIPTION: 


• High-speed access 

— Military: 45/55/70ns (max.) 

— Commercial: 35/45/55ns (max.) 

• Low-power operation 

- 1DT71321/421SA 
Active: 325mW (typ.) 

Standby: 5mW (typ.) 

- IDT71321/421LA 
Active: 325mW (typ.) 

Standby: ImW (typ.) 

• Two INT flags for port-to-port communications 

• MASTER IDT71321 easily expands data bus width to 
16-or-more-bits using SLAVE IDT71421 

• On-chip port arbitration logic (IDT71321 only) 

• BUSY output flag on IDT71321; BUSY input on IDT71421 

• Fully asynchronous operation from either port 

• Battery backup operation— 2V data retention 

• TTL-compatible, single 5V ±10% power supply 

• Available in popular hermetic and plastic packages 

• Military product compliant to MIL-STD-883, Class B 


The IDT71321/IDT71421 are high-speed 2K x 8 dual-port static 
RAMs with internal interrupt logic for interprocessor communica- 
tions. The IDT71321 is designed to be used as a stand-alone 8-bit 
dual-port RAM or as a “MASTER” dual-port RAM, together with the 
1DT71421 “SLAVE” dual-port, in 16-bit-or-more word width sys- 
tems. Using the IDT MASTER/SLAVE dual-port RAM approach in 
16-or-more-bit memory system applications results in full-speed, 
error-free operation without the need for additional discrete logic. 

Both devices provide two independent ports with separate con- 
trol, address and I/O pins that permit independent, asynchronous 
access for reads or writes to any location in memory. An automatic 
power down feature, controlled by CE, permits the on-chip cir- 
cuitry of each port to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, these devices typically operate on only 325mW of power at, 
maximum access times as fast as 35ns. Low-power (LA) versions 
offer battery backup data retention capability with each port typi- 
cally consuming 200fi.W from a 2 V battery. 

The IDT71321/71421 devices are packaged in 52-pin LCCs and 
PLCCs. Military grade product is manufactured in compliance with 
the latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 



NOTES: 

1. IDT71321 (MASTER): BUSY is open drain output and requires pullup resistor. IDT71421 (SLAVE): BUSY is input. 

2. Open drain output: requires pullup resistor. 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



LCC/PLCC 
TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (1) 


mm 

RATING 

COMMERCIAL 

MILITARY 

BUMil 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 


Operating 

Temperature 

Oto +70 

-55 to +125 

i 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.5 

1.5 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55 °C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

0V 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

o< 

o 

Supply Voltage 

wm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V ,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V ,L 

Input Low Voltage 

-0.5m 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx 8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = 5 ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT71321SA 
IDT71421SA 
MIN. MAX. 

IDT71321LA 

IDT71421LA 

MIN. MAX. 

UNIT 


Input Leakage Current 

Vcc = 5.5V, V IN 

= OVtoVcc 

- 

10 

- 

5 

Ilk 

m 

Output Leakage Current 

CE = V| H ,V 0UT 

= OVtoVcc 

- 

10 

- 

5 

Ilk 

^OL 

Output Low Voltage (l/O 0 - l/0 7 ) 

l 0L = 4mA 

- 

0.4 

- 

0.4 

V 

VoL 

Open Drain Output Low 

Voltage (BU3 y/INT) 

l 0L = 16mA 

- 

0.5 

- 

0.5 

V 

Mdh 

Output High Voltage 

I 0 h= *4mA 

2.4 

- 

2.4 

- 

V 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE © (V cc = 5 .ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

71321x35© 
71421x35© 
TYP.© MAX. 

71321x45 
71421x45 
TYP© MAX. 

71321x55 
71421x55 
TYP.© MAX. 

71321x70© 
71421x70© 
TYP.© MAX. 

UNIT 

fee 

Dynamic Operating 
Current (Both Ports 
Active) 

CE =V IL 

Outputs Open 

t = fMAX© 

MIL. 

1 

: : 

75 230 

75 185 

65 230 

65 185 

65 225 

65 180 

mA 

COM’L. 

m 

75 195 

75 155 

75 190 

75 145 

65 180 

65 140 

z : 

feai 

Standby Current 
(Both Ports -TTL 
Level Inputs) 

CE L and CE R > \^ H 
f = fMAX© 

MIL. 


- - 

25 65 

25 55 

25 65 

25 55 

25 65 

25 55 

mA 

COM’L. 


25 65 

25 45 

25 65 

25 45 

25 65 

25 45 

_ __ 

D 

Standby Current 
(One Port-TTL 

Level Inputs) 

CE L or CE r > y H 
Active Port Outputs 
Open.f = f M AX© 

MIL. 

1 

_ _ 

40 135 

40 110 

40 135 

40 110 

40 135 

40 110 

mA 

COM’L. 

m 


KtOHHESfl 

40 115 

40 85 

- ” 

D 

Full Standby Current 
(Both Ports -All 
CMOS Level Inputs) 

Both Ports CE l and 
CE r > Vcc -0.2V 

V,N > V cc -0.2V or 
V, N < 0.2V, f = 0© 

MIL. 

i 

“ — 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

mA 

COM’L. 

1 

1.0 15 

0.2 4.0 

1.0 15 

0.2 4.0 

1.0 15 

0.2 4.0 

- 

1 

Full Standby Current 
(One Port-All 

CMOS Level Inputs) 

One Port CE l or 

CE R > Vcc -0-2V 

Vin > V cc -0.2V or 
V| N < 0.2 V 

Active Port Outputs 
Open, f = ^ax© 

MIL. 

SA 

LA 

- 

40 125 

35 95 

40 120 

35 90 

40 110 

35 80 

mA 

COM’L. 

SA 

LA 

40 115 

35 90 

40 115 

35 80 

40 100 

35 75 

- 


NOTES: 

1 . "x" in part numbers indicates power rating (SA or LA). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. V cc = 5 V,T a =+25°C 

5. f MAX = 1/t RC = All inputs cycling at f = 1/t RC (except Output Enable), f = 0 means no address or control lines change. Applies only to inputs at CMOS level 
standby l SB3 . 








































































































IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


/ DATA RETENTION CHARACTERISTICS (L Version Only) 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT71321LA/IDT71421LA 

MIN. TYP.d) MAX. 

UNIT 

V DR 

V cc for Data Retention 




2.0 

- 

- 

V 

B 

Data Retention Current 


= 2.0V, CE > V cc -0.2V 

MIL. 

- 

100 

4000 



COM’L. 

- 

100 

1500 

pA 


Chip Deselect to Data Retention Time 

Vn 

> V cc -0.2V or Mn < 0.2V 


0 

- 

- 

ns 


Operation Recovery Time 




^RC* 2 * 

- . 

- 

ns 


NOTES: 

1. V cc = 2V,T a = + 25°C 
2- 1 rc = R ea d Cycle Time 
3. This parameter is guaranteed but not tested. 


DATA RETENTION WAVEFORM 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 . 2 & 3 


5 V 


5V 


5V 


DATAqut ■ 


775 n- 


1250n 


£ lOOpF* 
(30pF for 
35ns & 45ns 
versions) 


Figure 1. Output Load 


DATA our 


775Q ■ 


1250Q 
T 5pF* 


BUSY 


270Q 
y lOOpF* 


Figure 2. Output Load 
(for tHz.tLz.^.andtow) 


Figure 3. BUSY and INT 
Output Load 


* Including scope and jig. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

71321SA/LA35< 2 > 
71421SA/LA35< 2 > 
MIN. MAX. 

71321SA/LA45 
71421SA/LA45 
MIN. MAX. 

71321SA/LA55 
71421SA/LA55 
MIN. MAX. 

71321SA/LA70< 3 > 
71421SA/LA70< 3 > 
MIN. MAX. 

UNIT 

j READ CYCLE j 

*RC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

*ACE 

Chip Enable Access Time 

- 

35 

- 

45 

- 

55 

- 

70 

■aii 

*AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

l OH 

Output Hold From Address Change 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*LZ 

Output Low Z Time ('• 4 ) 

5 

- 

5 

- 

5 

- 

5 


ns 

*HZ 

Output High Z Time (L 4 > 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

*pu 

Chip Enable to Power Up Time < 4 ) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l PD 

Chip Disable to Power Down Time < 4 ) 

- 

50 

- 

50 

- 

50 

- 

50 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1, 2 and 3). 

2. 0 C C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 



TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE (12>4> 



"* *RC *■ 


ADDRESS - 

/ 

i 

< 


" l AA 

r* *0H *■) 



** l OH H 


DATA 0UT PREVIOUS DATA VAUD ; 

EXX) 

( DATA VAUD ^ 

2X 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE (13) 


CE 

OE 

DATA OUT 

CURRENT 



NOTES: 

1 . R/W is high for Read Cycles. 

2. Device is continuously enabled, CE = \^_. 

3. Addresses valid prior to. or coincident with, CE transition low. 

4. = V, L 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT> WITH INTERRUPTS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

71321SA/LA35 (2 > 
71421SA/LA35< 2 > 
MIN. MAX. 

71321SA/LA45 
71421SA/LA45 
MIN. MAX. 

71321SA/LA55 
71421SA/LA55 
MIN. MAX. 

71321SA/LA70< 3 > 
71421SA/LA70< 3 > 
MIN. MAX. 

UNIT 

WRITE CYCLE 

'wc 

Write Cycle Time < 5 > 

35 

- 

45 

- 

55 

- 

70 

- 

ns 

*EW 

Chip Enable to End of Write 

30 

- 

35 

- 

40 

- 

50 

- 

ns 

'aw 

Address Valid to End of Write 

30 

- 

35 

- 

40 

- 

50 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

l WP 

Write Pulse Width 

30 

- 

35 

- 

40 

- 

50 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

'dw 

Data Valid to End of Write 

20 

- 

20 

- 

20 

- 

30 

- 

ns 

'hz 

Output High Z Time ( 14 > 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

'dh 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

'wz 

Write Enabled to Output in 

High Z d.4) 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

'ow 

Output Active From End of Write < 14 ) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high voltage with load (Figures 1, 2 and 3). 

2. 0°C to +70°C temperature range only. 

3. -55°C to + 125°C temperature range only. 

4. This parameter guaranteed but not tested. 

5. For MASTER/SLAVE combination. t wc = t BAA + t WP . 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BlT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, R/W CONTROLLED TIMING < 1 - 2 - 3 - 7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, CE CONTROLLED TIMING (,>2, 3 - 5) 


ADDRESS 


CE 


R/W 

DATA, N 



■* *WC *■ 


_> 

< > 

< 


'aw *" 




\ - 

t,.„ 




y 

** 'dw ► 

/ 

•* l c 

)H *" 

— s 

IN 

? 


NOTES: 

1 . WE must be high during ail address transitions. 

2. A write occurs during the overlap (t^ or tyyp) of a low CE and a low R/W. 

3. t WR is measured from the earlier of CE or R/W going high to the end of write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. If CE is low during a R/W controlled write cycle, the write pulse must be the larger of t WP or (t wz + t DW ) to allow the I/O drivers to turn off data to 
be placed on the bus for the required tQ W . If CE is high during an RW controlled write cycle, this requirement does not apply and the write pulse 
can be as short as the specified t WP . 



IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

71321SA/LA35W 
71421SA/LA35< 1 > 
MIN. MAX. 

71321SA/LA45 
71421SA/LA45 
MIN. MAX. 

71321SA/LA55 
71421SA/LA55 
MIN. MAX. 

71321 SA/LA70< 2 > 
71421SA/LA70< 2 > 
MIN. MAX. 

UNIT 

BUSY TIMING 

■m 

Write to BUSY < 3 ' 6) 

0 

- 

0 

- 

-10 


-10 

- 

ns 

*WH 

Write Hold After BUSY < 7 ) 

20 

- 

20 

- 

20 

20 

- 

ns 

*BAA 

BUSY Access Time to Address 

- 

35 

- 

35 

- 

45 

- 

45 

ns 

*BDA 

BUSY Disable Time to Address 

- 

30 

- 

35 

- 

40 

- 

40 

ns 

*BAC 

BUSY Access Time to Chip Enable 

- 

30 

- 

30 

- 

35 

- 

35 

ns 

l BDC 

BUSY Disable Time to Chip Enable 

- 

25 

- 

25 

- 

30 

- 

30 

ns 

*WDD 

Write Pulse to Data Delay < 4 > 

- 

60 

- 

70 

- 

80 

- 

90 

ns 

l DDD 

Write Data Valid to 

Read Data Delay < 4 ) 

- 

35 

- 

45 

- 

55 

- 

70 

ns 

*APS 

Arbitration Priority Set-up Time 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*bdd 

lOSY Disable to Valid Data < 5 > 

- 

Note 5 

- 

Note 5 

- 

Note 5 

- 

Note 5 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 

3. For SLAVE part (IDT71 421) only. 

4. Port-to-port delay through RAM cells from writing port to reading port. 

5. t BDD is a calculated parameter and is the greater of 0, t WDD - t W p (actual) or t DDD - t DW (actual). 

6. To ensure that the write cycle is inhibited during contention. 

7. To ensure that a write cycle is completed after contention. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 1, CE ARBITRATION 

CE l VALID FIRST: 


LANDER X ADDRESSES MATCH X 



CE r VALID FIRST: 


LANDR Z X ADDRESSES MATCH 


*APS 

^ jl 

i- 


s ‘ 

CEl ^ 

^ 'bac *j 


I"* 'bDC H 


BUSY l i 

S 7 

L 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 2, ADDRESS VALID ARBITRATION (1) 


LEFT ADDRESS VALID FIRST: 



•* *RC °R W ► 


ADDR l - 

( ADDRESSES MATCH ■] 

( ADDRESSES DO NOT MATCH )( 

l APS 

M 



ADDRr ^ 

£ 

X” 



< trf. >1 

^BAA ►] 

BDA 

BUSYr 

\ T 


RIGHT ADDRESS VALID FIRST: 


NOT& 

1. ce l = 


ADDRr 

ADDR l 

busy l 

CEr= \ 



■* 'rc OR t wc ► 


■j 

{ ADDRESSES MATCH ^ 

( ADDRESSES DO NOT MATCH X 

'aps 

M 




^ 

X 


i- t. 


1- t. 





s 1 

t 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

71321SA/LA35( 1 > 
71421SA/LA35< 1 > 
MIN. MAX. 

71321SA/LA45 
71421 SA/LA45 
MIN. MAX. 

71321SA/LA55 
71421 SA/LA55 
MIN. MAX. 

71321SA/LA70< 2 > 
71421SA/LA70< 2 > 
MIN. MAX. 

UNIT 

INTERRUPT TIMING 

l AS 

Address Set-up Time 

0 

0 

0 

0 

ns 

*WR 

Write Recovery Time 

0 

0 

0 

0 

ns 

l INS 

Interrupt Set Time 

35 

40 

45 

50 

ns 

l INR 

Interrupt Reset Time 

35 

40 

45 

50 

ns 


NOTES: 

1. 0°C to +70°C temperature range only. 

2. -55°C to + 125°C temperature range only. 


TIMING WAVEFORM OF INTERRUPT MODE <’- 2 > 
LEFT SIDE SETSTnTr : 


RIGHT SIDE CLEARS INTr : 



NOTES: 

1. CEl=CEr=X l 

2. INT L and INTr are reset to V 0 h during power up. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF INTERRUPT MODE 

RIGHT SIDE SETSTnTl : 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION: 

The IDT71321/421 provides two ports with separate control, ad- 
dress and I/O pins that permit independent access for reads or 
writes to any location in memory. These deviceshave an automatic 
power down feature controlled by CE. The CE controls on-chip 
power down circuitry that permits the respective port to go into a 
standby mode when not selected (CE high). When a port is en- 
abled, access to the entire memory array is permitted. Each port 
has its own Output Enable control (OE) . In the read mode, the port’s 
OE turns on the output drivers when set LOW. Non-contention 
READ/WRITE conditions are illustrated in Table I. 

The interrupt flag (INT) permits communication between ports 
or systems. If the user chooses to use the interrupt function, a mem- 
ory location (mail box or message center) is assigned to each port. 
The left port interrupt flag (INT l ) is set when the right port writes to 
memory location 7FE (HEX). The left port clears the interrupt by 
reading address location 7FE. Likewise, the right port interrupt flag 
(INT r ) is set when the left port writes to memory location 7FF (HEX) 
and to clear the interrupt flag (INTr), the right port must read the 
memory location 7FF. The message (8 bits) at 7FE or 7FF is user- 
defined. If the interrupt function is not used, address locations 7FE 
and 7FF are not used as mail boxes but as part of the random ac- 
cess memory. Refer to Table II for the interrupt operation. 

ARBITRATION LOGIC, 

FUNCTIONAL DESCRIPTION: 

The arbitration logic will resolve an address match or a chip en- 
able match down to 5ns mini mum a nd determine which port has 
access. In all cases, an active BUSY flag will be set for the delayed 
port. 

The BUSY flags are provided for the situation when both ports 
simultaneously access the same memory location. When this situ- 
ation occurs, on-chip arbitration logic will det ermin e which port has 
access and sets the delayed port’s BUSY flag. BUSY is set at 
speeds that permit the processor to hold the operation and its re- 
spective address and data. It is impo rtant to note that the operation 
is invalid for'the por t that h as BUSY set LOW. The delayed port will 
have access when BUSY goes inactive. 


Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-chip ar- 
bitration logic determines access. Two modes of arbitration are 
provided: (1) if the addresses match _and are valid before CE, on- 
chip control logic arbitrates between CE L and CE R for access; or (2) 
if the CEs are low before an address match, on-chip control logic 
arbitrates between the left and right addresses for acce ss (refe r to 
Table III). In either mode of arbitration, the delayed port’s BUSY flag 
is set and will reset when the port granted access completes its 
operation. 


DATA BUS WIDTH EXPANSION, 

MASTER/SLAVE DESCRIPTION: 

Expanding the data bus width to sixteen-or-more-bits in a dual- 
port RAM system implies that several chips will be active at the 
same time. If each chip includes a hardware arbitrator, and the ad- 
dresses for each chip ar rive at the same time, it is po ssible th at one 
will activate its L BUSY while another activates its R BUSY signal. 
Both sides are now busy and the CPUs will wait indefinitely for their 
port to become free. 

To avoid this “Busy Lock-Out” problem, IDT has developed a 
MASTER/SLAVE approach where onl y one h ardware arbitrator, in 
the MASTER, is used. The SLAVE has BUSY inputs which allow an 
interface to the MASTER with no external components and with a 
speed advantage over other systems. 

When expanding dual-port RAMs in widt h, the writing of the 
SLAVE RAMs must be delayed until after the BUSY input has set- 
tled. Otherwise, the SLAVE chip may begin a write cycle during a 
contention sit uation. Conversely, the write pulse must extend a 
hold time past BUSY to ensure that a write cycle takes place after 
the contention is resolved. This timing is inherent in all dual-port 
memory systems where more than one chip is active at the same 
time. 

The write pulse to the SLAVE should be delayed by the maxi- 
mum arbitration time of the MASTER. If, then, a co ntentio n occurs, 
the write to the SLAVE will be inhibited due to BUSY from the 
MASTER. 



TRUTH TABLES 


TABLE I -NON-CONTENTION 
READ/WRITE CONTROL <4) 


LEFT OR RIGHT PORT <’> 

FUNCTION 

R/W 

CE 

OE 

Do-7 

X 

H 

X 

Z 

Port Disabled and in Power Down 
Mode, Isb 2 or Isb4 

X 

H 

X 

Z 

CEr = CE L = H, Power Down 
Mode, Isbi or Isb 3 

L 

L 

X 

DATA | N 

Data on Port Written Into Memory® 

H 

L 

L 

DATA pur 

Data in Memory Output on Port (3) 

H 

L 

H 

Z 

High Impedance Outputs 


NOTES: 

1- A pt,- A i ql* Aqr-Aiqr 

2. If BUSY = L, data is not written. 

3. If BUSY = L, data may not be valid, see t WDD and t BDD timing. 

4. H = HIGH, L = LOW, X = DON'T CARE, Z = HIGH IMPEDANCE 


CAPACITANCE (T a = +25 °c. f = i.omhz) 


SYMBOL 

PARAMETER W 

CONDITIONS 

MAX. 

UNITS 

C IN 

Input Capacitance 

v IN =ov 

11 

PF 

C OUT 

Output Capacitance 

^out = OV 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is not pro- 
duction tested. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE II -INTERRUPT FLAG <1>4) 


LEFT PORT 

RIGHT PORT 

FUNCTION 

R/W l 

E3 

OE l 

MUl 

int l 

R/W r 

CE„ 

OE„ 


INT„ 

L 

L 

X 

7FF 

X 

X 

X 

X 

X 

l< 2 > 

Set Right INTr Flag 

X 

X 

X 

X 

X 

X 

L 

L 

7FF 

H<3> 

Reset Right INTr Flag 

X 

X 

X 

X 

|_(3) 

L 

L 

X 

7FE 

X 

Set Left TnTl Flag 

X 

L 

L 

7FE 

H<2> 

X 

X 

X 

X 

X 

Reset Left INTl Flag 


NOTES: _____ 

1 . A ssume s BUSY L = BUSY R = H. 

2. If BUSY l = L, then NC. 

3. If BUSYr = L. then NC. 

4. H = HIGH, L= LOW, X = DON’T CARE, NC= NO CHANGE 


TABLE III - ARBITRATION <2) 


LEFT PORT 

RIGHT PORT 

FLAGS 0> 

FUNCTION 

ce l 

| 

CE H 

Aol - Aior 

BUSY U 

BUSY n 

H 

X 

H 

X 

H 

H 

No Contention 

L 

Any 

H 

X 

H 

H 

No Contention 

H 

X 

L 

Any 

H 

H 

No Contention 

L 

* Aor-Aior 

L 

* Aol-Aiol 

H 

H 

No Contention 

ADDRESS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L 

LV5R 

L 

LV5R 

H 

L 

L-Port Wins 

L 

RV5L 

L 

RV5L 

L 

H 

R-Port Wins 

L 

Same 

L 

Same 

H 

L 

Arbitration Resolved 

L 

Same 

L 

Same 

L 

H 

Arbitration Resolved 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL5R 

= Aor-Aior 

LL5R 

= Aol-Aiol 

H 

L 

L-Port Wins 

RL5L 

= Aor-Aior 

RL5L 

= Aol-Aiol 

L 

H 

R-Port Wins 

LW5R 

= Aor-Aior 

LW5R 

= Aol-Aiol 

H 

L 

Arbitration Resolved 

LW5R 

= Aor-Aior 

LW5R 

= Aol-Aiol 

L 

H 

Arbitration Resolved 


NOTES: 

1 . I NT Flags Don't Care. 


2. X = DON’T CARE, L = LOW. H = HIGH 

LV5R = Left Address Valid > 5ns before right address. 

RV5L= Right Address Valid > 5ns before left address. 

Same = Left and Right Addresses match within 5ns of each other. 
LL5R = Left CE = LOW > 5ns before Right CE. 

RL5L = Right CE = LOW > 5ns before Left CE. 

LW5R = Left and Right CE = LOW within 5ns of each other. 
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IDT71321SA/LA AND IDT71421SA/LA 

CMOS DUAL-PORT RAMS 16K(2Kx8-BIT) WITH INTERRUPTS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Blank 


B 


J 

L 

35 

45 

55 

70 

LA 

SA 

71321 

71421 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


PLCC 

LCC 

Commercial Only 

Speed in Nanoseconds 

Military Only 

Low Power 
Standard Power 

16K (2K x 8-Bit) MASTER Dual-Port RAM 
w/ Interrupt 

16K (2K x 8-Bit) SLAVE Dual-Port RAM 
w/ Interrupt 




CMOS DUAL-PORT RAM 
16K (2Kx 8-BIT) 

WITH SEMAPHORE 


PRELIMINARY 

IDT71322S 

IDT71322L 


FEATURES: 

• High-speed access 

— Military: 45/55/70ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low-power operation 

- IDT71322S 
Active: 500mW (typ.) 

Standby: 5mW (typ.) 

- IDT71322L 
Active: 500mW (typ.) 

Standby: ImW (typ.) 

• Fully asynchronous operation from either port 

• Full on-chip hardware support of semaphore signalling 
between ports 

• Battery backup operation— 2V data retention 

• TTL-compatible, single 5V(±10%) power supply 

• Available in a variety of plastic and hermetic packages for both 
through hole and surface mount applications 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT71322 is an extremely high-speed 2K x 8 dual-port static 
RAM with full on-chip hardware support of semaphore signalling 
between the two ports. 

The IDT71322 provides two independent ports with separate 
control, address and I/O pins that permit independent, asynchro- 
nous access for reads and writes to any location in memory. To as- 
sist in arbitrating between ports, a fully independent semaphore 
logic block is provided. This block contains unassigned flags 
which can be accessed by either side; however, only one side can 
control the flag at a nytim e. An automatic powerdown feature, con- 
trolled by UE and SEM, permits the on-chip circuitry of each port 
to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, this device typically operates on only 500mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions of- 
fer battery backup data retention capability, with each port typi- 
cally consuming 200p.W from a 2 V battery. 

The IDT71322 is packaged in a 48-pin sidebraze or plastic DIP 
or 52-pin LCC and PLCC. Military grade product is manufactured 
in compliance with the latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Ino. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



A 2 |C 8 

A 3L C 9 
A 4L C 10 
A 5L C ii 
A 6L t= 12 

An.CZ 

A C 14 
A8L r I 

A 9L C 15 
I/Oql C 

^®1l|“ 
l/0 2u c 18 

l/0 3L C 19 

i/o 4L cz 

l/0 5L C 21 
l/0 6L C 
l/0 7L l= 
GNDC 



OE r 

A OR 

Air 

A 2R 

A 3R 

A4R 

a 5R 

A 6R 

A 7 R 

A 8R 

A 9R 

N/C 

I/O 


7R 


LCC/PLCC 
TOP VIEW 



ABSOLUTE MAXIMUM RATINGS (1 > 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

1.5 

1.5 

W 

tauT 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

V,n = ov 

11 

pF 

Qdut 

Output Capacitance 

Vout= 0V 

11 

PF 


NOTE: 

1 . This parameter is determined by device characteristics, but is not pro- 
duction tested. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55° C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

OV 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5S 

- 

0.8 

V 


NOTE: 

1 . V |L (min.) = -3.0V for pulse width less than 20ns. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = s.ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT71322S 

MIN. MAX. 

IDT71322L 

MIN. MAX. 

UNIT 

iy 

Input Leakage Current 

Vcc = 5.5V, V IN = OV to Vcc 

- 

10 

- 

5 

p.A 

I'loI 

Output Leakage Current 

CE = V IH ,V 0 uT = OV to Vcc 

- 

10 

- 

5 

|iA 

v 

Output Low Voltage 

l 0L = 6mA 

- 

0.4 

- 

0.4 

V 

V 0L 

l 0L = 8mA 

- 

0.5 

- 

0.5 


V 0H 

Output High Voltage 

l 0H = -4mA 

2.4 

- 

2.4 

- 

V 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (1> (V cc = 5 .ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

IDT71 322x45 
typ.< 2 > MAX. 

IDT71 322x55 
TYP.< 2 > MAX. 

IDT71 322x70 
TYP.< 2 > MAX. 

UNIT 

H 

Dynamic Operating 
Current (Both Ports 
Active) 

CE = V| L 

Outputs Open 

SEM = Don’t Care 

f = fMAX< 3 > 

MIL. ® 

100 240 

100 200 

100 230 

100 180 

100 230 

100 180 

mA 

COM’L. S 

L 

170 200 

100 160 

100 200 
100 160 

100 200 
100 160 

H 

Dynamic Operating 

Current 

(Semaphores 

Both Sides) 

CE =V IH 

SEM = V IL 

Outputs Open 

f = f MAX< 3 ) 

IB 


85 130 

85 110 

85 130 

85 110 

mA 

COM’L. S 

L 

85 130 

85 100 

85 130 

85 100 

85 130 

85 100 

B 

Standby Current 
(Both Ports -TTL 

Level Inputs) 

CE L or CE R > V, H 

SEMr= sem l >v ih 

1 = f MAX (3 > 

MIL. ® 

25 70 

25 50 

25 70 

25 50 

25 70 

25 50 

mA 

S 

COM’L. L 


25 70 

25 40 

HI 

H 

Standby Current 
(One Port— TTL 

Level Inputs) 

CE l or CE R > V !H 
Active Port Outputs 
Open, f = ^ax<3) 

Sem r =5em u = v ih 

MIL. S 

50 160 

50 130 

50 150 

50 120 

50 150 

50 120 

mA 

COM’L. S 

L 


50 130 

50 100 


1 

Full Standby Current 
(Both Ports -All CMOS 
Level Inputs) 

Both Ports CE|_ and 
CEr> V cc -0.2V 

V,N > Vcc -0.2V or 
V| N < 0.2V, 

SEM r = SEM l = 
V cc -0.2V, f = ° (3) 

■3 

1 30 

0.2 10 

1 30 

0.2 10 

1 30 

0.2 10 

mA 


1 15 

0.2 4 

1 15 

0.2 4 

1 15 

0.2 4 

1 

Full Standby Current 
(One Port-All CMOS 
Level Inputs) 

One Port CE L or 
CE r > V cc -0.2V 

V| N > v cc -0.2V or 
V| N < 0.2V, 

Active Port Outputs 
Open, f = W<3) 


50 130 

45 100 

50 120 

45 90 

50 120 

45 90 

mA 

■1 

45 110 

45 90 

50 110 

45 90 

50 110 

45 90 


NOTES: 


1 . x in part numbers indicates power rating (S or L). 

2 - V cc = 5V, j A = +25°C 

3. fMAX = IArc = All inputs cycling atf = 1 Arc {except Output Enable), f = 0 means no address or control lines change. AppliesonlytoinputsatCMOSIevel 
standby. Isb3. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2Kx 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = V^- 0.2 V 







TYP.O) 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

Vcc for Data Retention 

- 

2.0 

- 

- 

- 

V 

mm 

Data Retention Current 


MIL. 

- 

- 

4000 

TBD 

P-A 


cs>v HC 

COM’L. 

- 

- 

1500 

TBD 

*cdr (3) 

Chip Deselect to Data Retention Time 

V|N > V H c or < V LC 


0 

- 

- 

- 

ns 

t R < 3 ) 

Operation Recovery Time 



*rc (2) 

- 

- 

- 

ns 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


4.5V 


g T 7T777f 


DATA RETENTION MODE 


% 


Vna > 2 V 


ft 


5 V 
t a -»* 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


5V 


DATA 



1250Q 

30pF* 


m 


DATA 


OUT 

775Q 


5V 

< 1250Q 
f 5pF* 


m 


Figure 1. Output Load 


Figure 2. Output Load 
(for tLz.tHz.tyyz.toyy) 


Including scope and jig. 




























IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

MIN. 

IDT71322S45 

IDT71322L45 

MAX. 

IDT71322S55 

IDT71322L55 

MIN. 

MAX. 

MIN. 

IDT71322S70 

IDT71322L70 

MAX. 

UNIT 

READ CYCLE 

l RC 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

l ACE 

Chip Enable Access Time* 3 ) 

- 

45 

- 

55 

- 

70 

ns 

*AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

40 

ns 

*OH 

Output Hold From Address Change 

5 

- 

5 

- 

5 

- 

ns 

*L2 

Output Low Z Time *’■ 2) 

5 

- 

5 

- 

5 

- 

ns 

<HZ 

Output High Z Time *'■ 2 > 

- 

25 

- 

30 

- 

40 

ns 

*PU 

Chip Enable to Power Up Time* 21 

0 

- 

0 

- 

0 

- 

ns 

l PD 

Chip Disable to Power Down Time * 2 > 

- 

50 

- 

50 

- 

50 

ns 

*SOP 

Sem Fig update Pulse (OE or SEM) 

15 

- 

20 

- 

20 

- 

ns 


NOTES: 


1 . Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 

3. To access RAM, CE = V IL , SEM = V, H . To access semaphore, CE = V IH , SEM = V 1L . 

TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE (1 ' 2>4) 



■" t RC ► 


ADDRESS - 

( / 

( 


" 51 *AA 

r* *oh ► 



■* { OH H 


DATA out previous data valid j 

rzx) 

( DATAVAUD )j 

XX 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE (1,3) 



NOTES: 

1. R/W is high for Read Cycles. 

2. Device is continuously enabled, CE = y L . This waveform cannot be used for semaphore reads. 

3. Addresses valid prior to or coincident with CE transition low. 

4. = V| L _ 

5. To access RAM, CE = V| L , SEM = V ]H . To access semaphore, CE = V| H , SEM = y L . 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2Kx 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 





IDT71322S45 

IDT71322S55 



IDT71322S70 


SYMBOL 

PARAMETER 


IDT71322L45 

IDT71322L55 



IDT71322L70 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


WRITE CYCLE 

l wc 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

warn 

Chip Enable to End of Write < 3 > 

40 

- 

50 

- 

60 

- 

ns 

l AW 

Address Valid to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 

*WP 

Write Pulse Width 

40 

_ 

50 

_ 

60 

- 

ns 

*WR 

Write Recovery Time 

0 

_ 

0 

_ 

0 

— 

ns 

*DW 

Data Valid to End of Write 

20 

_ 

25 

— 

30 

- 

ns 

1— 

Output High 2 Time I 1 - 2 ) 

- 

20 

- 

25 

- 

30 

ns 

K29HH 

Data Hold Time 

3 

- 

3 

- 

3 

- 

ns 

*wz 

Write Enabled to Output in 

High Z (1.2) 

- 

20 

- 

25 

- 

30 

ns 

*ow 

Output Active From End of Write! 12 ) 

0 

- 

0 

- 

0 

- 

ns 

*SWRD 

SEM Flag Write to Read Time 

10 

- 

10 

- 

10 

- 

ns 

*sps 

SEM Flag Contention Window 

10 

- 

10 

- 

10 

- 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 

3. To access RAM, CE = V 1L , SEM = V IH . To access semaphore, CE = y H , SEM = \( L . Either condition must be valid for the entirety time. 

















































































IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2Kx 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, R/W CONTROLLED TIMING (1 - 2>3 - 7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, CE CONTROLLED TIMING (1 - 2 - J - 5 ’ 9> 



-I ... f . ^ 


* l wc ■* 

ADDRESS } 

< > 

< 



*AW 



CEor 

SEM <a) 

\ 


*WR 



" l AS *■ 

'ew 

"* 

R/W 

\ 





■* ^DW ► 

t C 

)H — H 



< 

> 




NOTES: 

1 . R/W must be high during all address transitions. 

2. A write occurs during the overlap (t^ or t^p) of a low CE or SEM and a low R/W. 

3. t W R is measured from the earlier of CE or R/W (or SEM or R/W) going high to the end of write cycle. 

4. During this period , the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE or SEM low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). 

7. If CE is low during a R/W controlled write cycle, the write pulse width must be the larger of twp or (twz + tow) to allow the I/O drivers to turn off 

and data to be placed on the bus for the required t DW . If CE is high during an RW controlled write cycle, this requirement does not apply and the 

write pulse can be as short as the specified t WP . 

8. TO^ access RAM, CE = y L , SEM = y H . To access semaphore, CE = V )H , SEM = V ]L . Either condition must be valid for the entire t^ time. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF SEMAPHORE READ AFTER WRITE TIMING, EITHER SIDE 


An - A; 


SEM 


DATA 0 


R/W 


OE 


rax 



mm 

VALID ADDRESS 

D 


'--A 


A 




DATA |N VALID 


\ / 


y 




■ WRITE CYCLE ■ 




/ 


DATA out \ 
W VALID i 


-TEST CYCLE - 
(READ CYCLE) 



NOT& 

1 . CE = V, H for the duration of the above timing (both write and read cycle). 

TIMING WAVEFORM OF SEMAPHORE CONTENTION < 1 - 3 - 4 > 


SIDE (2) “A“ X 


SIDE (Z) “B” -{ 


Aoa - A2A 
r/w a 
sem a 

A OB" A 2B 
R/W b 
sem b 


MATCH IX 



NOTES: __ ___ 

1. D 0R = D ol = V IL> CE r = CE l = \^ H . Semaphore Flag is released from both sides (reads as ones from both sides) at cycle start. 

2. Either side ‘A" = left and side “B” = right, or side “A” = right and side “B" = left. 

3. This parameter is measured from the point where R/W a or SEM A goes high until R/W b or SEM b goes high. 

4. If t SPS is violated, the semaphore will fall positively to one side or the other, but there is no guarantee which side will obtain the flag. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2Kx 8-BIT) WITH SEMAPHORES MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION 

The IDT71322 is an extremely fast dual-port 2K x 8 CMOS static 
RAM with an additional 8 address locations dedicated to binary 
semaphore flags. These flags allow either processor on the left or 
right side of the dual-port RAM to claim a privilege over the other 
processor for functions defined by the system designer’s software. 
As an example, the semaphore can be used by one processor to 
inhibit the other from accessing a portion of the dual-port RAM or 
any other shared resource. 

The dual-port RAM features a fast access time, and both ports 
are completely independent of each other. This means that the 
activity on the left port in no way slows the access time of the right 
port. Both ports are identical in function to standard CMOS static 
RAM and can be read from, or written to, at the same time with the 
only possible conflict arising from the simultaneous writing of, or a 
simultaneous READ/WRITE of, a non-semaphore location. Sema- 
phores are protected against such ambiguous situations and may 
be used by the system program to avoid any conflicts in the non- 
semaphore portion of the dual-port RAM. These devices have an 
automatic power- down feature controlled by CE, the dua l-port 
RAM enable, and SEM, the semaphore enable. The CEand SEM 
pins control on-chip power down circuitry that permits the respec- 
tive port to go into standby mode when not select ed. Th is is the 
condition which is shown in Table I where CE and SEM are both 
high. 

Systems which can best use the IDT71322 contain multiple 
processors or controllers and are typically very high-speed sys- 
tems which are software controlled or software intensive. These 
systems can benefit from a performance increase offered by the 
ID771322's hardware semaphores, which provide a lockout 
mechanism without requiring complex programming. 

Software handshaking between processors offers the maximum 
in system flexibility by permitting shared resources to be allocated 
in varying configurations. The IDT71322 does not use its sema- 
phore flags to control any resources through hardware, thus allow- 
ing the system designer total flexibility in system architecture. 

An advantage of using semaphores rather than the more com- 
mon methods of hardware arbitration is that wait states are never 
incurred in either processor. This can prove to be a major advan- 
tage in very high-speed systems. 

HOW THE SEMAPHORE FLAGS WORK 

The semaphore logic is a set of eight latches which are inde- 
pendent of the dual-port RAM. These latches can be used to pass a 
flag, or token, from one port to the other to indicate that a shared 
resource is in use. The semaphores provide a hardware assist for a 
use assignment method called “Token Passing Allocation.” In this 
method, the state of a semaphore latch is used as a token indicat- 
ing that a shared resource is in use. If the left processor wants to 
use this resource, it requests the token by setting the latch. This 
processor then verifies its success in setting the latch by reading it. 
If it was successful, it proceeds to assume control over the shared 
resource. If it was not successful in setting the latch, it determines 
that the right side processor had set the latch first, has the token 
and is using the shared resource. The left processor can then either 
repeatedly request that semaphore’s status or remove its request 
for that semaphore to perform another task and occasionally 
attempt again to gain control of the token via the set and test 
sequence. Once the right side has relinquished the token, the left 
side should succeed in gaining control. 

The semaphore flags are active low. A token is requested by 
writing a zero into a semaphore latch and is released when the 
same side writes a one to that latch. 

The eight semaphore flags reside within the IDT71322 in a 


separate memory space from the dual-port RA M. Th is address 
space is accessed by placing a low input on the SEM pin (which 
acts as a chip select for the semaphore flags) and using the other 
control pins (Address, OE, and R/W) as they would be used in ac- 
cessing a standard static RAM. Each of the flags has a unique ad- 
dress which can be accessed by either side through address pins 
Ao - A 2 . When accessing the semaphores, none of the other ad- 
dress pins has any effect. 

When writing to a semaphore, only data pin Do is used. If a low 
level is written into an unused semaphore location, that flag will be 
set to a zero on that side and a one on the other (see Table II). That 
semaphore can now only be modified by the side showing the 
zero. When a one is written into the same location from the same 
side, the flag will be set to a one for both sides (unless a semaphore 
request from the other side is pending) and then can be written to 
by both sides. The fact that the side which is able to write a zero into 
a semaphore subsequently locks out writes from the other side is 
what makes semaphore flags useful in interprocessor communica- 
tions. (A thorough discussion on the use of this feature follows 
shortly.) A zero written into the same location from the other side 
will be stored in the semaphore request latch for that side until the 
semaphore is freed by the first side. 

When a semaphore flag is read, its value is spread into all data 
bits so that a flag that is a one reads as a one in all data bits and a 
flag containing a zero reads as all zeros. The read value is latched 
i nto o ne side’s output register when that side’s semaphore select 
(SEM) and output enable (OE) signals go active. This serves to 
disallow the semaphore from changing state in the middle of a read 
cycle due to a write cycle from the other side. Because of this latch, 
a repe ated r ead of a semaphore in a test loop must cause either 
signal (SEM or OE) to go inactive or the output will never change. 

Asequence of WRITE/READ must be used by the semaphore in 
order to guarantee that no system level contention will occur. A 
processor requests access to shared resources by attempting to 
write a zero into a semaphore location. If the semaphore is already 
in use, the semaphore request latch will contain a zero, yet the 
semaphore f lag wi 1 1 appear as a one, a fact which the processor will 
verify by the subsequent read (see Table II). As an example, as- 
sume a processor writes a zero to the left port at a free semaphore 
location. On a subsequent read, the processor will verify that it has 
written successfully to that location and will assume control over 
the resource in question. Meanwhile, if a processor on the right 
side attempts to write a zero to the same semaphore flag it will fail, 
as will be verified by the fact that a one will be read from that sema- 
phore on the right side during a subsequent read. Had a sequence 
of READ/WRITE been used instead, system contention problems 
could have occurred during the gap between the read and write cy- 
cles. 

It is important to note that a failed semaphore request must be 
followed by either repeated reads or by writing a one into the same 
location. The reason for this is easily understood by looking at the 
simple logic diagram of the semaphore flag in Figure 3. Two sema- 
phore request latches feed into a semaphore flag. Whichever latch 
is first to present a zero to the semaphore flag will force its side of 
the semaphore flag low and the other side high. This condition will 
continue until a one is written to the same semaphore request latch. 
Should the other side’s semaphore request latch have been written 
to a zero in the meantime, the semaphore flag will flip over to the 
other side as soon as a one is written into the first side’s request 
latch. The second side’s flag will now stay low until its semaphore 
request latch is written to a one. From this it is easy to understand 
that, if a semaphore is requested and the processor which re- 
quested it no longer needs the resource, the entire system can 
hang up until a one is written into that semaphore request latch. 
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IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE I -NON-CONTENTION READ/WRITE CONTROL 


LEFT OR RIGHT PORT 

FUNCTION 

R/W 

CE 

SEM 

OE 

Do-7 

X 

H 

H 

X 

Z 

Port Disabled and in Power Down 
Mode 

H 

H 

L 

L 

DATA out 

Data in Semaphore Flag 

Output on Port 

X 

X 

X 

H 

z 

Output Disabled 

_r 

H 

L 

X 

DATA IN 

Port Data Bit D 0 Written Into 
Semaphore Flag 

H 

L 

H 

L 

DATA out 

Data In Memory Output on Port 

L 

L 

H 

X 

DATA | N 

Data On Port Written Into Memory 

X 

L 

L 

X 

- 

Not Allowed 


NOTE: 

1. A 0 l - A 10L * A or -A 10r 

H = HIGH, L = LOW. X = DON'T CARE, Z = HIGH IMPEDANCE 
= Low-to-High transition 


TABLE II -EXAMPLE OF SEMAPHORE PROCUREMENT SEQUENCE 0 ’ 


FUNCTION 

D 0 - D 7 LEFT 

D 0 -D 7 RIGHT 

STATUS 

No Action 

1 

1 

Semaphore free 

Left Port Writes "0" to Semaphore 

0 

1 

Left port has semaphore token 

Right Port Writes “0" to Semaphore 

0 

1 

No change. Right side has no write 
access to semaphore 

Left Port Writes “I" to Semaphore 

1 

0 

Right port obtains semaphore token 

Left Port Writes “0” to Semaphore 

1 

0 

No change. Left port has no write 
access to semaphore 

Right Port Writes ‘1 ” to Semaphore 

0 

1 

Left port obtains semaphore token 

Left Port Writes “1" to Semaphore 

1 

1 

Semaphore free 

Right Port Writes “O' to Semaphore 

1 

0 

Right port has semaphore token 

Right Port Writes “1 " to Semaphore 

1 

1 

Semaphore free 

Left Port Writes "0” to Semaphore 

0 

1 

Left port has semaphore token 

Left Port Writes “1 ” to Semaphore 

1 

1 

Semaphore free 


NOTE: 

1. This table denotes a sequence of events for only one of the eight semaphores on the IDT71322. 





IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2Kx 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


The critical case of semaphore timing is when both sides re- 
quest a single token by attempting to write a zero into it at the same 
time. The semaphore logic is specially designed to resolve this 
problem. If simultaneous requests are made, the logic guarantees 
that only one side receives the token. If one side is earlier than the 
other in making the request, the first side to make the request will 
receive the token. If both requests arrive at the same time, the as- 
signment will be arbitrarily made to one port or the other. 

One caution that should be noted when using semaphores is 
that semaphores alone do not guarantee that access to a resource 
is secure. As with any powerful programming technique, if sema- 
phores are misused or misinterpreted, a software error can easily 
happen. Code integrity is of the utmost importance when sema- 
phores are used instead of slower, more restrictive hardware inten- 
sive schemes. 

Initialization of the semaphores is not automatic and must be 
handled via the initialization program at power-up. Since any 
semaphore request flag which contains a zero must be reset to a 
one, all semaphores on both sides should have a one written into 
them at initialization from both sides to assure that they will be free 
when needed. 

USING SEMAPHORES -Some Examples 

Perhaps the simplest application of semaphores is their appli- 
cation as resource markers for the IDT71322’s dual-port RAM. Say 
the 2K x 8 RAM was to be divided into two 1 K x 8 blocks which were 
to be dedicated at any one time to servicing either the left or right 
port. Semaphore 0 could be used to indicate the side which would 
control the lower section of memory, and Semaphore 1 could be 
defined as the indicator for the upper section of memory. 

To take a resource, in this example the lower IK of dual-port 
RAM, the processor on the left port could write and then read a zero 
into Semaphore 0. If this task were successfully completed (a zero 
was read back rather than a one) , the left processor would assume 
control of the lower IK. Meanwhile, the right processor would at- 
tempt to perform the same function. Since this processor was at- 
tempting to gain control of the resource after the left processor, it 
would read back a one in response to the zero it had attempted to 
write into Semaphore 0. At this point, the software could choose to 
try and gain control of the second 1 K section by writing, then read- 


ing a zero into Semaphore 1. If it succeeded in gaining control, it 
would lock out the left side. 

Once the left side was finished with its task, it would write a one 
to Semaphore 0 and may then try to gain access to Semaphore 1 . If 
Semaphore 1 was still occupied by the right side, the left side could 
undo its semaphore request and perform other tasks until it was 
able to write, then read a zero into Semaphore 1 . If the right proces- 
sor performs a similar task with Semaphore 0, this protocol would 
allow the two processors to swap 1 K blocks of dual-port RAM with 
each other. 

The blocks do not have to be any particular size and can even be 
variable, depending upon the complexity of the software using the 
semaphore flags. All eight semaphores could be used to divide the 
dual-port RAM or other shared resources into eight parts. Sema- 
phores can even be assigned different meanings on different sides 
rather than being given a common meaning as was shown in the 
example above. 

Semaphores are a useful form of arbitration in systems like disk 
interfaces where the CPU must be locked out of a section of mem- 
ory during a transfer and the I/O device cannot tolerate any wait 
states. With the use of semaphores, once the two devices had de- 
termined which memory area was “off limits” to the CPU, both the 
CPU and the I/O devices could access their assigned portions of 
memory continuously without any wait states. 

Semaphores are also useful in applications where no memory 
“WAIT” state is available on one or both sides. Once a semaphore 
handshake has been performed, both processors can access their 
assigned RAM segments at full speed. 

Another application is in the area of complex data structures. In 
this case, block arbitration is very important. For this application 
one processor may be responsible for building and updating a 
data structure. The other processor then reads and interprets that 
data structure. If the interpreting processor reads an incomplete 
data structure, a major error condition may exist. Therefore, some 
sort of arbitration must be used between the two different proces- 
sors. The building processor arbitrates for the block, locks it and 
then is able to go in and update the data structure. When the update 
is completed, the data structure block is released. This allows the 
interpreting processor to come back and read the complete data 
structure, thereby guaranteeing a consistent data structure. 


L PORT 

SEMAPHORE 
REQUEST FLIP FLOP 


R PORT 

SEMAPHORE 
REQUEST FLIP FLOP 



Do 

WRITE 


SEMAPHORE LATCH 


FIGURE 3. IDT71322 Semaphore Logic 







IDT71322S AND IDT71322L CMOS 

DUAL-PORT RAM 16K (2K x 8-BIT) WITH SEMAPHORES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic DIP 
Sidebraze DIP 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 


Speed in Nanoseconds 


Low Power 
Standard Power 

16K (2K x 8-Bit) Dual-Port RAM w/Semaphore 
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iln ■! 

CMOS DUAL-PORT RAMS 

PRELIMINARY 

llEf 

32K(2Kx 16-BIT) 

IDT7133S/L 

IDT7143S/L 

f. . w ' . • ' 

Integrated Dev ice Technology. Inc. 



FEATURES: 

• High-speed access 

— Military: 70/90ns (max.) 

— Commercial: 55/70/90ns (max.) 

• Low-power operation 

- IDT7133/43S 
Active: 375mW (typ.) 

Standby: 5mW (typ.) 

- IDT7133/43L 
Active: 375mW (typ.) 

Standby: ImW (typ.) 

• Versatile control for write: separate write control for lower and 
upper byte of each port 

• MASTER IDT7133 easily expands data bus width to 32 bits or 
more using SLAVE IDT7143 

• On-chip port arbitration logic (IDT7133 only) 

• BUSY output flag on IDT7133; BUSYinput on IDT7143 

• Fully asynchronous operation from either port 

• Battery backup operation— 2V data retention 

• TTL-compatible, single 5V (±10%) power supply 

• Available in 68-pin PGA, DIP (600 mil, 70 mil centers), LCC and 
PLCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7133/7143 are high-speed 2K x 16 dual-port static 
RAMs. The IDT7133 is designed to be used as a stand-alone 16-bit 
dual-port RAM or as a “MASTER” dual-port RAM together with the 
IDT7143 “SLAVE” dual-port in 32-bit-or-more word width systems. 
Using the IDT MASTER/SLAVE dual-port RAM approach in 16-bit- 
or-wider memory system applications results in full-speed, error- 
free operation without the need for additional discrete logic. 

Both devices provide two independent ports with separate con- 
trol, address and I/O pins that permit independent, asynchronous 
access for reads or writes to any location in memory. An automatic 
power down feature, controlled by CE, permits the on-chip cir- 
cuitry of each port to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS™ high-performance technol- 
ogy, these devices typically operate on only 375mW of power at 
maximum access times as fast as 55ns. Low-power (L) versions 
offer battery backup data retention capability, with each port 
typically consuming ImW from a 2 V battery. 

The IDT7133/7143 devices have identical pinouts. Each is 
packaged in a 68-pin PGA, 68-pin LCC, 68-pin PLCC, and 70 mil 
center DIPs. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 


R/WyjB 

ce l 

R/W II a 


Aiol ■ 

A 8L ' 
I/08L-I/015L- 

I/Ool-I/Otl ■ 
1057, (i)”" 


NOTES: 

1. IDT7133 (MASTER): BUSY is open drain 
output and require s pull- up resistor. 
IDT7143 (SLAVE): BUSY is input. 

2. LB = LOWER BYTE 
UB = UPPER BYTE 
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CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


5-56 


DSC- 1033/- 




IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


1 

— e? 

68 

2 

67 

3 

66 

4 

65 

5 

64 

6 

63 

7 

62 

8 

61 

9 

60 

10 

59 

11 

58 

12 

57 

13 

56 

14 

55 

15 

54 

16 

53 

17 

C68-1 52 

18 

51 

19 

50 

20 

49 

21 

48 

22 

47 

23 

46 

24 

45 

25 

44 

26 

43 

27 

42 

28 

41 

29 

40 

30 

39 

31 

38 

32 

37 

33 

36 

34 

35 


DIP 

TOP VIEW 


Pin 1 ' 

Designator A 


NOTES: 

1 . Both Vcc pins must be connected to the supply to assure 
reliable operation. 

2. Both GND pins must be connected to the supply to assure 
reliable operation. 

3. UB = Upper Byte, LB = Lower Byte. 


44 

42 

■g057 L 

CEr 

43 

41 

CE l 

EOSTp 


55 54 

09 A 10L A g|_ 

57 56 

08 R/Wu.0 01 L 

59 58 

07 V CC (D R/W lub 


06 |/0 1L l/O c 

63 62 

05 |/0 3L I/0 2l 

65 64 

04 I/O,, l/0„ 


3 

5 

7 

9 

11 

13 

15 

I/O iil 

I/0 13[_ 

I/O 15L 

GND® 

I/O 1 R 

I/O3R 

I/O; 

4 

6 

8 

10 

12 

14 

16 

i/o 12L 

l/Ol4L 

Vcc® 

l/O 0 R 

l/0 2R 

I/O4R 

l/0 ( 

c 

D 

E 

F 

G 

H 

J 


PGA TOP VIEW 


0° OOOO OcTo” 0° UJ 2 d o s 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 


l/0 9L 10 

l/0]Qi_ 11 
I/Ohl 12 

l/0 12L 13 
1/0 13L 14 
l/Ol4L 15 
l/Ol5L 16 
VccO) 17 
GND® 18 
l/0 OR 19 

l/0 1H 20 
l/0 2R 21 
l/0 3R 22 
l/0 4R 23 
l/0 5R 24 
l/0 6R 25 
l/0 7R 26 



54 A 0 l 
53 feUSY. 
52 CE L 
51 CE R 

50 busy: 
49 A or f 
48 A 1R 

47 A 2R 
46 A 3R 

45 a 4R 

44 A,„ 


27 28 29 30 31 32 33 34 35 30 37 38 39 40 41 42 43 

CC CC CC rr rr ff p- CCcG“ 5 ^ CC CC CC DC CC CC 
OQOrNCO’TiO'!- 5 rr ||t| ° ® W h* 

b< < <<< 

- 

LCC/PLCC 
TOP VIEW 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2Kx 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

HIM! 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

0 to +70 

-55 to +125 

□ 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

2.0 

2.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^cc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-o.sw 

- 

0.8 

V 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55 °C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (Either port, v cc = 5 .ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7133S 

IDT7143S 

MIN. MAX. 

IDT7133L 

IDT7143L 

MIN. MAX. 

UNIT 

— 

Input Leakage Current 

V cc = 5.5V, = OVtoVcc 

10 

5 

PA 


Output Leakage Current 

CE=V| H .V out = OVtoVcc 

10 

- 5 

pA 

V OL 

Output Low Voltage (l/Oo - l/O^) 

l 0L = 4mA 

0.4 

0.4 

V 

V 

Open Drain Output Low 

Voltage (BUSY) 

l 0L = 16mA 

0.5 

0.5 

V 

Mdh 

Output High Voltage 

Ioh= -4mA 

2.4 

2.4 

V 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (4) (V cc = s.ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

IDT71 33x55 (1) 
IDT71 43x55(0 
typ.< 2 > MAX. 

IDT71 33x70 

IDT71 43x70 
typ.< 2 > MAX. 

IDT71 33x90 

IDT71 43x90 
typ.< 2 > MAX. 

UNIT 

Ice 

Dynamic Operating 
Current (Both Ports 
Active) 

CE = V, L 

Outputs Open 

f = fMAX (3) 

MIL. 

H 

: : 

75 260 

75 240 

75 260 

75 240 

mA 

COM'L. 

H 

75 240 

75 220 


75 235 

75 215 

a 

Standby Current 
(Both Ports -TTL 
Level Inputs) 

CE l and CEr > V, H 
f = fMAX I 3 ' 

MIL. 

H 

- - 

25 75 

25 65 

25 75 

25 65 

mA 

COM'L. 

H 

25 70 

25 60 

25 70 

25 60 

25 65 

25 55 

n 

Standby Current 
(One Port-TTL 

Level Inputs) 

CE L or CEr > V| H 

f = fMAX (3) 

Active Port Outputs 
Open 

MIL. 

1 

__ _ 

50 170 

50 150 

50 170 

50 150 

mA 

COM'L. 

B 

50 150 

50 130 

50 150 

50 130 


B 

Full Standby Current 
(Both Ports - CMOS 
Level Inputs) 

Both Ports CE l and 
CE r > V cc -0.2V 

V, N > V cc -0.2V or 
V,N ^ 0-2V 
f = 0 (3) 

MIL. 

B 

- 

1 30 

0.2 10 

1 30 

0.2 10 

mA 

COM’L. 

B 

1 15 

0.2 4 

1 15 

0.2 4 

1 15 

0.2 4 

lsB4 

Full Standby Current 
(One Port-All CMOS 
Level Inputs) 

One Port CE L or 
CEr >V cc -0.2V 
Vin >V CC -0.2V or 
V 1N < 0.2V 

f = W 3) 

Active Port Outputs 
Open 

MIL. 

s 

L 

- - 

45 160 

40 140 

45 155 

40 135 

mA 

COM'L. 

1 

45 140 

40 120 

45 140 

40 120 

45 135 

40 115 


NOTES: 

1 . 0°C to + 70°C temperature range only. 

2. V cc = 5V,T A = +25°C 

3. Atf = f MAX address and data inputs are cycling at the maximum frequency of read cycles of 1/t RC . f = 0 means no input lines change. 

4. “x" in part numbers indicates power rating (S or L). 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K(2Kx 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES < 1J 

(L Version Only) V LC = 0.2V, V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITION 

IDT7133S/L/IDT7143S/L 

MIN. MAX. 

UNIT 

V DR 

Vcc f °r Data Retention 



2.0 

- 

V 


Data Retention Current 

V cc = 2.0V 

CE s Vhc 

MIL. 

- 

4000 

pA 

'CCDR 

COM’L. 

- 

1500 

pA 

'cDR* 3 ’ 

Chip Deselect to Data Retention Time 

Vn - Vhc or £ V LC 


0 

- 

ns 

t R < 3 ) 

Operation Recovery Time 



'rc * 21 

- 

ns 

lu< 3 > 

Input Leakage Current 



- 

2 

pA 


NOTES: 

1. Vcc = 2V,T A = +25°C. 

2. Irc = Read Cycle Time. 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


4.5V 


si T 77777i ^ 


DATA RETENTION MODE 




V nD > 2 V 


fv 


4.5V 

L-J 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1. 2, & 3 


DAT Aquj — 
7750 


5V 


12500 

30pF* 


5V 


DATA out 


7750 


12500 
T 5pF* 


BUSY 


2700 

30pF* 


m 


Figure 1. Output Load 


Figure 2. Output Load 
(for t|_ 2 ,t^ 2 » ^wz »tow) 


Figure 3. BUSY Output 
Load 

(IDT7133 only) 


Including scope and jig. 

































IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2Kx 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

IDT7133S/L55< 2 > 
IDT7143S/L55 < 2 > 

MIN. MAX. 

IDT7133S/L70 

IDT7143S/L70 

MIN. MAX. 

IDT7133S/L90 

IDT7143S/L90 

MIN. MAX. 

UNIT 

| READ CYCLE | 

l RC 

Read Cycle Time 

55 

- 

70 

- 

90 

- 

ns 

l AA 

Address Access Time 

- 

55 

- 

70 

- 

90 

ns 

*ACE 

Chip Enable Access Time 

- 

55 

- 

70 

- 

90 

ns 

*AOE 

Output Enable Access Time 

- 

35 

- 

40 

- 

40 

ns 

l OH 

Output Hold From Address Change 

0 

- 

0 

- 

10 

- 

ns 


Output Low Z Time* 1, 3) 

5 

- 

5 

- 

5 

- 

ns 

^HZ 

Output High Z Time 11, 3) 

- 

30 

- 

35 

- 

40 

ns 

WSM 

Chip Enable to Power Up Time< 3 ) 

0 

- 

0 

- 

0 

- 

ns 

1 Vd i 

Chip Disable to Power Down Time (3) 

- 

50 

- 

50 

- 

50 

ns 


1. Transition is measured ±500mV from low or high impedance voltage with load (see Figures 1,2 & 3). 

2. 0°C to +70°C temperature range only. 

3. This parameter is guaranteed but not tested. 


TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE (1>2>4) 


ADDRESS □C 



" l AA " 

r*- 1 oh 



** l OH •’j 

| 

DATA 0UT PREVIOUS DATA VAUO ) 

1 

SX) 

( DATA VALID )| 

sx 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE (1 - 3) 


CE 


OE 


V 


DATA qut 


\ 




/ 


X 




> 





I P PD 

CURRENT 

7 

i- 50% 

50%' 


\ 


NOTES: 

1 . RAW is high for Read Cycles. 

2. Device is continuously enabled, CE = V| L . 

3. Addresses valid prior to or coincident with CE transition low. 

4. OE = V, L 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K X 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

IDT7133S/L55< 2 > 

IDT7143S/L55< 2 > 

MIN. MAX. 

IDT7133S/L70 

IDT7143S/L70 

MIN. MAX. 

IDT7133S/L90 

IDT7143S/L90 

MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time* 4 * 

55 

- 

70 

- 

90 

- 

ns 

*EW 

Chip Enable to End of Write 

40 

- 

50 

- 

85 

- 

ns 

l AW 

Address Valid to End of Write 

40 

- 

50 

- 

85 

- 

ns 

l AS 

Address Setup Time 

0 

- 

0 

- 

0 

- 

ns 

*WP 

Write Pulse Width 

40 

- 

50 

- 

55 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

*DW 

Data Valid to End of Write 

20 

- 

25 

- 

30 

- 

ns 

*HZ 

Output High 2 Timed. 3) 

- 

20 

- 

25 

- 

25 

ns 

*DH 

Data Hold Time 

5 

- 

5 


5 

- 

ns 

l WZ 

Write Enable to Output in High Z* 1, 3) 

- 

20 

- 

25 

- 

25 

ns 

*OW 

Output Active From End of Writed. 3 ) 

0 

- 

0 


0 

- 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (see Figures 1,2 & 3). 

2. 0°C to +70°C temperature range only. 

3. This parameter is guaranteed but not tested. 

4. For MASTER/SLAVE combination, tyyQ — ^baa *f" ^wr 4- ^wp • 
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IDT7133S/L AND 1DT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (R/W CONTROLLED TIMING) <1>2 ' 3 ' 7) 



WRITE CYCLE NO. 2 (CE CONTROLLED TIMING) (1 ' 2 ’ 3 ’ 5) 


l wc 



NOTES: 

1 . R/W or CE must be high during all address transitions. 

2. A write occurs during the overlap (t^ or % m P ) of a low CE and a low R/W. 

3. t W R is measured from the earlier of CE or R/W going high to the end of write cycle. 

4. Duringthis period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. If OE is low during a R/W controlled write cycle, the write pulse width must be the larger of twp or ( t W z + tow) to allow the I/O drivers to turn off 
and data to be placed on the bus for the required t DW . If OE is high during an R/W controlled write cycle, this requirement does not apply and the 
write pulse can be as short as the specified t W p . 

8. R/W for either upper or lower byte. 



IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

IDT7133S/L55 < 2 > 
IDT7143S/L55 <2) 

MIN. MAX. 

IDT7133S/L70 

IDT7143S/L70 

MIN. MAX. 

IDT7133S/L90 

IDT7143S/L90 

MIN. MAX. 

UNIT 

| BUSY TIMING | 

*WB 

Write to BUSY (1 - 5) 

0 

- 

0 

- 

0 

- 

ns 

*WH 

Write Hold After BUSY <’■ 6 > 

30 

- 

30 

- 

30 

- 

ns 

*BAA 

BUSY Access Time to Address 

- 

50 

- 

55 

- 

55 

ns 

^BDA 

BUSY Disable Time to Address 

- 

40 

- 

45 

- 

45 

ns 

*BAC 

BUSY Access Time to Chip Enable 

- 

35 

- 

35 

- 

45 

ns 

l BDC 

BUSY Disable Time to Chip Enable 

- 

30 

- 

•30 

- 

‘ 45 

ns 

l WDD 

Write Pulse to Data Delay < 3 > 

- 

80 

- 

90 

- 

100 

ns 

'ddd 

Write Data Valid to Read Data Delay! 3 ) 

- 

55 

- 

70 

- 

90 

ns 

'bdd 

BUSY Disable to Valid Data (4 > 

- 

Note 4 

- 

Note 4 

- 

Note 4 

ns 

*APS 

Arbitration Priority Set Up Time 

5 

- 

5 

- 

10 

- 

ns 


NOTES: 

1 . For SLAVE part (IDT7143) only. 

2. 0°C to +70°C temperature range only. 

3. Port to port delay through RAM cells from writing port to reading port. 

4. t BD D is calculated parameter and is greater of 0, t W0D - t WP (actual) or t DDD - t DW (actual). 

5. To ensure that the write cycle is inhibited during contention. 

6. To ensure that a write cycle is completed after contention. 

TIMING WAVEFORM OF READ WITH BUSY 


. __ . J 


ADDR r ^ MATCH ^ 

( 


^ / 


n/vv H i 

i 



data | N R 

A 

7 

^ VALID 

1 





ADDRl 


MATCH 


) 


*BDA *" 

|“* *BDD 


bu'sy l ^ 

A 

_y 



l WDD 

DATA out l 


\ 

^ VALID 



”* ^DDD *" 



TIMING WAVEFORM OF WRITE WITH BUSY 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 1, CE ARBITRATION 

CE L VALID FIRST: 


ADDR 
LAND R 


ADDRESSES MATCH 



CE r VALID FIRST: 


ADDR 
LAND R 


ADDRESSES MATCH 



TIMING WAVEFORM OF CONTENTION CYCLE NO. 2, ADDRESS VALID ARBITRATION 

LEFT ADDRESS VALID FIRST: 


ADDRESSES MATCH 


ADDRESSES DO NOT MATCH 


RIGHT ADDRESS VALID FIRST: 


ADDRESSES MATCH 


ADDRESSES DO NOT MATCH 
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IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


FUNCTIONAL DESCRIPTION: 

The IDT7133/43 provides two ports with separate control, ad- 
dress and I/O pins that permit independent access for reads or 
writes to any location in memory. The devices have an automatic 
power down feature controlled by CE. The CE controls on-chip 
power down circuitry that permits the respective port to go into a 
standby mode when not selected (CE high). When a port is en- 
abled, access to the entire memory_array is permitted. Each port 
has its own Output Enable control (OE). In the read mode, the port's 
OE turns on the output drivers when set LOW. Non-contention 
READ/WRITE conditions are illustrated in Table I. 

ARBITRATION LOGIC, 

FUNCTIONAL DESCRIPTION: 

The arbitration logic will resolve an address match ora chip en- 
able match down to 5ns mini mum a nd determine which port has 
access. In all cases, an active BUSY flag will be set for the delayed 
port. 

The BUSY flags are provided for the situation when both ports 
simultaneously access the same memory location. When this situ- 
ation occurs, on-chip arbitration logic will det ermin e which port has 
access and sets the delayed port’s BUSY flag. BUSY is set at 
speeds that permit the processor to hold the operation and its re- 
spective address and data. It is imp ortant to note that the operation 
is invalid for the por t that h as BUSY set LOW. The delayed port will 
have access when BUSY goes inactive. 

Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-chip ar- 
bitration logic determines access. Two modes of arbitration are 
provided: (1) if the addresses match _and are valid before CE, on- 
chip control logic arbitrates between CE L and CE R for access; or (2) 
if the CEs are low before an address match, on-chip control logic 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


arbitrates between the left and right addresses for acce ss (refe r to 
Table II) . In either mode of arbitration, the delayed port’s BUSY flag 
is set and will reset when the port granted access completes its op- 
eration. 

DATA BUS WIDTH EXPANSION, 

MASTER/SLAVE DESCRIPTION: 

Expanding the data bus width to 32 bits or more in a dual-port 
RAM system implies that several chips will be active at the same 
time. If each chip includes a hardware arbitrator, and theaddresses 
for eac h chip a rrive at the same time, it is possib le that one will acti- 
vate its BUSY l while another activates its BUSY R signal. Both sides 
are now busy and the CPUs will wait indefinitely for their port to be- 
come free. 

To avoid this “Busy Lock-Out” problem, IDT has developed a 
MASTER/SLAVE approach where onl y one h ardware arbitrator, in 
the MASTER, is used. The SLAVE has BUSY inputs which allow an 
interface to the MASTER with no external components and with a 
speed advantage over other systems. 

When expanding dual-port RAMs in widt h, the writing of the 
SLAVE RAMs must be delayed until after the BUSY input has set- 
tled. Otherwise, the SLAVE chip may begin a write cycle during a 
contention situ ation. Conversely, the write pulse must extend a 
hold time past BUSY to ensure that a write cycle takes place after 
the contention is resolved. This timing is inherent in all dual-port 
memory systems where more than one chip is active at the same 
time. 

The write pulse to the SLAVE should be delayed by the maxi- 
mum arbitration time of the MASTER. If, then, a co ntentio n occurs, 
the write to the SLAVE will be inhibited due to BUSY from the 
MASTER. 


TABLE I -NON-CONTENTION READ/WRITE CONTROL (4) 




LEFT OR RIGHT PORT <*> 


I/O 0-7 


FUNCTION 

8-15 


X 



H 


H 


H 


H 


X 

mm 

X 

Z 

Z 

Port Disabled and in Power Down mode, l SB2 or l SB4 

X 

H 

X 

Z 

z 

CE r = CE l = H, Power Down Mode, l SB1 or l SB3 

L 

L 

X 

IBB 

data in 

Data on Lower Byte and Upper Byte Written into Memory! 2 * 

H 

L 

L 

DATA in 

DATAqut 

Data on Lower Byte Written into Memory! 2 * Data in Memory Output on Upper Byte* 3 * 

L 

L 

L 

DATA out 

DATA, n 

Data in Memory Output on Lower Byte (3 *Data on Upper Byte Written into Memory! 2 ) 

H 

L 

H 

DATAin 

z 

Data on Lower Byte Written into Memory (2) 

L 

L 

H 

z 

DATA| N 

Data on Upper Byte Written into Memory! 2 * 

H 

L 

L 

DATA out 

DATAout 

Data in Memory Output on Lower Byte and Upper Byte* 3 * 

H 

L 

H 

Z 

z 

High Impedance Outputs 


NOTES: 

1- A ql ~ Ai oi* Aqr-Aior 

2. If BUSY = L, data is not written. 

3. If BUSY = L, data may not be valid, see t WDD and t DD0 timing. 

4. H = High, L = Low, X = Don’t Care, Z = High Impedance, LB = Lower Byte, UB = Upper Byte 






















































IDT7133S/L AND 1DT7143S/L 

CMOS DUAL-PORT RAM 32K (2K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE II -ARBITRATION 


LEFT PORT 

RIGHT PORT 

FLAGS* 1 ) 

FUNCTION 

CE L 


CE r 


BUSY l 

BUSYr 

H 

X 

H 

X 

H 

H 

No Contention 

L 

Any 

H 

X 

H 

H 

No Contention 

H 

X 

L 

Any 

H 

H 

No Contention 

L 

* Aor-Aior 

L 

* Aol -Aiol 

H 

H 

No Contention 

ADDRESS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L 

LV5R 

L 

LV5R 

H 

L 

L-Port Wins 

L 

RV5L 

L 

RV5L 

L 

H 

R-Port Wins 

L 

Same 

L 

Same 

H 

L 

Arbitration Resolved 

L 

Same 

L 

Same 

L 

H 

Arbitration Resolved 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL5R 

= Aor-Aior 

LL5R 

= Aol -Aiol 

H 

L 

L-Port Wins 

RL5L 

= Aor-Aior 

RL5L 

= Aol -Aiol 

L 

H 

R-Port Wins 

LW5R 

= Aor-Aior 

LW5R 

= Aol -Aiol 

H 

L 

Arbitration Resolved 

LW5R 

= Aor-Aior 

LW5R 

= Aol -Aiol 

L 

H 

Arbitration Resolved 


NOTE: 


1 . X = Don't Care, L = Low. H = High LL5R = Left CE = LOW > 5ns before Right CE 

LV5R = Left Address Valid > 5ns before right address RL5L = Right CE = LOW > 5ns before Left CE 

RV5L = Right Address Valid > 5ns before left address LW5R = Left and Right CE = LOW within 5ns of each other 

Same = Left and Right Address match within 5ns of each other 


CAPACITANCE (t a = +25 °c. f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

V,N=0V 

11 

PF 

^OUT 

Input/Output 

Capacitance 

_< 

o 

II 

o 

< 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is not 


production tested. 










































































IDT7133S/L AND IDT7143S/L 

CMOS DUAL-PORT RAM 32K(2Kx 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

32-BIT MASTER/SLAVE DUAL-PORT MEMORY SYSTEMS 


LEFT RIGHT 



NOTE: 

1. No arbitration in IDT7143 (SLAVE). BUSY-IN inhibits write in IDT7143 (SLAVE). 


ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 

Compliant to MIL-STD-883, Class B 

Sidebraze Shrink-DIP 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 
Pin Grid Array 

Commercial Only 1 

I Speed in Nanoseconds 


Low Power 
Standard Power 

32 K (2K x 16-Bit) MASTER Dual-Port RAM 
32 K (2K x 16-Bit) SLAVE Dual-Port RAM 
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CMOS DUAL-PORT RAM 
32K (4K x 8-BIT) 


PRELIMINARY 

IDT7134S 

IDT7134L 


FEATURES: 


DESCRIPTION: 


• High-speed access 

— Military: 45/55/70ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low-power operation 

- IDT7134S 

Active: 500mW (typ.) 

Standby: 5mW (typ.) 

- IDT7134L 

Active: 500mW (typ.) 

Standby: ImW (typ.) 

• Fully asynchronous operation from either port 

• Battery backup operation— 2V data retention 

• TTL-compatible; single 5V (±10%) power supply 

• Available in several popular hermetic and plastic packages 

• Military product compliant to MIL-STD-883, Class B 


The IDT7134 is an extremely high-speed 4K x 8 dual-port static 
RAM designed to be used in systems where on-chip hardware port 
arbitration is not needed. This part lends itself to those systems 
which cannot tolerate wait states or are designed to be able to 
externally arbitrate or withstand contention when both sides 
simultaneously access the same dual-port RAM location. 

The IDT7134 provides two independent ports with separate 
control, address and I/O pins that permit independent, asynchro- 
nous access for reads or writes to any location in memory. It is thei 
user’s responsibility to ensure data integrity when simultaneously 
accessing the same memory location from both ports. An auto-l 
matic power down feature, controlled by CE, permits the on-chip 
circuitry of each port to enter a very low standby power mode. 

Fabricated using IDT’s CEMOS ™ high-performance technol- 
ogy, these dual-ports typically operate on only 500mW of power at 
maximum access times as fast as 45ns. Low-power (L) versions 
offer battery backup data retention capability, with each port 
typically consuming 200jiW from a 2 V battery. 

The IDT7134 is packaged in either a sidebraze or plastic 48-pin 
DIP and 52-pin LCC and PLCC. Military grade product is manufac- 
tured in compliance with the latest revision of MIL-STD-883, 
Class B. 



FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Ino. 
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IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4Kx 8-BIT) 
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PIN CONFIGURATIONS 


CF l C 

R/W l E 

AulC 

Aipi-tZ 

OE L C 

AolC 

AilC 

Aa-C 

A 3 lC 

A 4 lC 

a 5L i= 

A6lC 

A/lC 

A 8L^ 

A 9U C 
l/O 0L C 
l/0, L l= 
l/0 2L C 
l/0 3L [= 
l/0 4L C 
I/OslC 
'/ 0 6lC 
l/0 7L c 
GND □ 


T3T 


8 

9 

10 
11 

12 P48-1 

13 & 

14 C48-2 

15 

16 

17 

18 


48 □ V cc 

47 ihcer 

46 □ R/Wr 
45 □ A,ir 
44 —I A 10n 
43 HOFr 
42 r] A 0R 

41 ^A 1R 

40 — J A 2 R 
39 □ A 3R 
38 ZJ A 4R 
37 _JA 5R 
36 ID A 6R 
35 =] a 7R 

34 ^a 8R 

33 — J Aqo 

32 =| i/o 7R 

31 ^ '/0 6 R 
30 ^ l/0 5 R 
29 □ l/0 4R 
28 Z] |/0 3R 

27 3 l/0 2R 
26 □ l/0 1R 
25 HI I/Oqr 



LCC/PLCC 
TOP VIEW 


OEr 
A or 
Air 

A 2R 

A 3 r 

A 4 r 

a 5R 

A 6R 

A 7R 

A 8R 

A 9 r 

NC 

l/0 7R 


DIP 

TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

P T 

Power Dissipation 

1.5 

1.5 

w 

tauT 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25°c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 ’ 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

V,N=°V 

11 

PF 

^OUT 

Output Capacitance 

^OUT= 0V 

11 

PF 


NOTE: 


1 . This parameter is determined by device characterization but is not 
production tested. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

V CC 

Military 

-55°C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

o< 

O 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V.H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1. V| L (min.) = -3.0V for pulse width less than 20ns. 
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IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE (V cc = 5 .ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7134S 

MIN. MAX. 

IDT7134L 

MIN. MAX. 

UNIT 

■BH 

Input Leakage Current 


- 

10 

- 

5 

pA 

1 *LO 1 

Output Leakage Current 

CE = V, H ,V 0UT = OV to Vcc 

- 

10 

- 

5 

pA 

V 0 L 

Output Low Voltage 

l 0L = 6mA 

- 

0.4 

- 

0.4 

V 

l 0L = 8mA 

- 

0.5 

- 

0.5 


V OH 

Output High Voltage 

Iqh = _ 4mA 

2.4 

- 

2.4 

- 

V 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (1) (V cc = 5 .ov ±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

VERSION 

IDT7 134x45 
typ. (2) MAX. 

IDT71 34x55 
typ. (2) MAX. 

IDT71 34x70 
TYP. (2) MAX. 

UNIT 

H 

Dynamic Operating 
Current (Both Ports 
Active) 

CE =V )L 

Outputs Open 
f = ^MAX* 3 ' 

MIL 

S 

L 

100 240 

100 200 

100 230 

100 180 

100 230 

100 180 

mA 

COM'L. 

S 

L 


BffiSlI^BIK^B 

100 200 
100 160 

B 

Standby Current 
(Both Ports— TTL 

Level Inputs) 

CE l and CE R > v iH 
f = Wx (3 > 

MIL. 

S 

L 

25 70 

25 50 

25 70 

25 50 

25 70 

25 50 

mA 

COM'L. 

S 

L 

25 70 

25 40 



B 

Standby Current 
(One Port— TTL 

Level Inputs) 

CE L orCE R > V iH 
Active Port Outputs 
Open, f = f MAX (3) 

MIL. 

S 

L 

50 160 

50 130 

50 150 

50 120 

50 150 

50 120 

mA 

COM'L. 

S 

L 


50 130 

50 100 

50 130 

50 100 

■ 

Full Standby Current 
(Both Ports— All CMOS 
Level Inputs) 

Both Ports CE L and 
CE r > V cc -0.2V 

V,N >V cc -0.2Vor 
V IN < 0.2V. f = 0< 3 > 

MIL. 

S 

L 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

1.0 30 

0.2 10 

mA 

COM'L. 

S 

L 

1.0 15 

0.2 4.0 

1.0 15 

0.2 4.0 

1.0 15 

0.2 4.0 

1 

Full Standby Current 
(One Port- All CMOS 
Level Inputs) 

One Port CE L or 
CEr >V cc -0.2V 

V,n >V cc -0.2Vor 
V IN < 0.2V. 

Active Port Outputs 
Open, f = f MAX (3) 

MIL. 

S 

L 

50 130 

45 100 

50 120 

45 90 

50 120 

45 90 

mA 

COM'L. 

S 

L 

45 110 

45 90 

50 110 

45 90 

50 110 

45 90 


NOTES: 

1 . “x" in part number indicates power rating (S or L). 

2. V cc = 5V, T a = +25°C 

3. *max = 1/tRC = All inputs cycling at f = 1/t R c (except Output Enable), f = 0 means no address or control lines change. Applies only to inputs at CMOS 
level standy l SB3 . 











































































































IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES (1) 

(L Version Only) V LC = 0.2V, V HC = V cc - 0.2V 







TYP. 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

V C c @ 

2.0V 3.0V 

V C c 

2.0V 

@ 

3.0V 

UNIT 

Xdr 

V cc for Data Retention 



2.0 

- 

- 

- 

V 

m 

Data Retention Current 

CE>V hc 

Vin > V HC or < V LC 

MIL 

- 

- 

4000 

TBD 

pA 


COM'L. 

- 

- 

1500 

TBD 

'cdr' 3 ’ 

Chip Deselect to Data Retention Time 



0 

- 

- . 

- 

ns 

t R (3) 

Operation Recovery Time 



*rc (2) 

- 

- 

- 

ns 


NOTES: 

1. V cc =2V,T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


Xx 


4.5v\ 


« r 7T777K ~^ 


DATA RETENTION MODE 


V na > 2 V 


% 


4.5 V 
k-t„-J 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


5V 


DATA 0 ut 


7750 


12500 
4= 30pF* 


DATA out — 
7750 


12500 

5pF* 


Figure 1. Output Load 


Figure 2. Output Load 
(for tLz.tHz.twz.tow) 


•Including scope and jig. 
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IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

IDT7134S45 

IDT7134L45 

MIN. MAX. 

IDT7134S55 

IDT7134L55 

MIN. MAX. 

IDT7134S70 

IDT7134L70 

MIN. MAX. 

UNIT 

READ CYCLE 

Irc 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ace 

Chip Enable Access Time 

- 

45 

- 

55 

- 

70 

ns 

*AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

40 

ns 

*OH 

Output Hold From Address Change 

5 

- 

5 

- 

5 

- 

ns 

tiz 

Output Low Z Time* 1, 2) 

5 

- 

5 

- 

5 

- 

ns 

*HZ 

Output High Z Time* 1 ' 2) 

- 

25 

- 

30 

- 

40 

ns 

*pu 

Chip Enable to Power Up Time* 2 * 

0 

- 

0 

- 

0 

- 

ns 

tpD 

Chip Disable to Power Down Time* 2 ) 

- 

50 

- 

50 

- 

50 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 



TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER SIDE (12 ’ 4) 



*RC " *■ 


ADDRESS - 

( 3 

i 


"* *AA *" 

r* *OH ^ 


"* l OH *■ 


DATA 0UT PREVIOUS DATA VALID }(XXi 

( DATA VALID 

sx 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE < 13 ) 


CE 


OE 


DATA out 


CURRENT 



NOTES: 

1 . RAW is high for Read Cycles. 

2. Device is continuously enabled, CE = V 1L . 

3. Addresses valid prior to or coincident with CE transition low. 

4. OE = V|l 
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IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE 


SYMBOL 

PARAMETER 

1DT7134S45 

IDT7134L45 

MIN. MAX. 

IDT7134S55 

IDT7134L55 

MIN. MAX. 

IDT7134S70 

IDT7134L70 

MIN. MAX. 

UNIT 

| WRITE CYCLE | 

l wc 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

*EW 

Chip Enable to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 

t W p 

Write Pulse Width 

40 

- 

50 

- 

60 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

l DW 

Data Valid to End of Write 

20 

- 

25 

- 

30 

- 

ns 

«HZ 

Output High Z Time* 12 * 

- 

20 

- 

25 

- 30 

ns 

'dh 

Data Hold Time 

3 

- 

3 

- 

3 

- 

ns 

*wz 

Write Enabled to Output in 

High Z < 12 > 

- 

20 

- 

25 

- 

30 

ns 

tow 

Output Active From End of Write*'’ 2 ) 

0 

- 

0 

- 

0 

- 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 
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IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, R/W CONTROLLED TIMING < 12 - 3 7 > 




TIMING WAVEFORM OF WRITE CYCLE NO. 2, CE CONTROLLED TIMING < 12 3 - 5 ) 


ADDRESS 


CE 

RAW 

DATA, n 



*wc 




/ 


K 




NOTES: 

1 . RAW must be high during all address transitions. 

2. A write occurs during the overlap (t EW or t^p) of a low CE and a low R/W. 

3. t WR is measured from the earlier of CE or R/W going high to the end of write cycle. 

4. During_this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured jt200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. If OE is low during a R/W controlled write cycle, the write pulse width must be the larger of twp or (t wz + t DW ) to allow the I/O drivers to turn off 
data to be placed on the bus for the required t DW . If CE is high during an R/W controlled write cycle, this requirement does not apply and the 
write pulse can be as short as the specified t WP . 


5-75 



IDT7134S AND IDT7134L 

CMOS DUAL-PORT RAM 32K (4K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION: 

The IDT7134 provides two ports with separate control, address 
and I/O pins that permit independent access for reads or writes to 
any location in memory. These devices have an automatic power 
down feature controlled by CE. The CE controls on-chip power 
down circuitry that permits the respective port to go into standby 
mode when not selected (CE high). When a port is enabled, access 
to the entire memory array is permitted. Each port has its own Out- 
put Enable control (OE). In the read mode, the port’s OE turns on 
the output drivers when set LOW. Non-contention READ/WRITE 
conditions are illustrated in the table below. 


TABLE I -NON-CONTENTION 
READ/WRITE CONTROL 


LEFT OR RIGHT PORT <’> 

FUNCTION 

R/W 

CE 

OE 

Do-7 

X 

H 

X 

Z 

Port Disabled and in Power Down 
Mode, Isb 2 or Isb 4 

X 

H 

X 

Z 

CE r = CE l = H, Power Down 
Mode, IgBi or Isb 3 

L 

L 

X 

DATA | N 

Data on Port Written Into Memory 

H 

L 

L 

DATA out 

Data in Memory Output on Port 

X 

X 

H 

Z 

High Impedance Outputs 


NOTE: 

1. a ol - A 11L * a or -a 11r 

H = HIGH, L = LOW, X = DON'T CARE. Z = HIGH IMPEDANCE 


ORDERING INFORMATION 


IDT 


xxxx 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

B 


P 

C 

J 

L 

45 

55 

70 

L 

S 

7134 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
Sidebraze DIP 
PLCC 
LCC 


i 

Speed in Nanoseconds 


Low Power 
Standard Power 

32K (4K x 8-Bit) Dual-Port RAM 
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CMOS DUAL-PORT RAM 

IDT71342S 

32K (4K x 8-BIT) 

IDT71342L 

WITH SEMAPHORE 



FEATURES: 


DESCRIPTION: 


• High-speed access 

— Military: 45/55/70ns (max.) 

— Commercial: 45/55/70ns (max.) 

• Low-power operation 

- IDT71342S 
Active: 500mW (typ.) 

Standby: 5mW (typ.) 

- IDT71342L 
Active: 500mW (typ.) 

Standby: ImW (typ.) 

• Fully asynchronous operation from either port 

• Full on-chip hardware support of semaphore signalling be- 
tween ports 

• Battery backup operation— 2V data retention 

• TTL-compatible; single + 5V(±10%) power supply 

• Available in popular hermetic and plastic packages 

• Military product compliant to MIL-STD-883, Class B 


The IDT71342 is an extremely high-speed 4K x 8 dual-port static 
RAM with full on-chip hardware support of semaphore signalling 
between the two ports. 

The IDT71342 provides two independent ports with separate 
control, address and I/O pins that permit independent, asynchro- 
nous access for reads and writes to any location in memory. To 
assist in arbitrating between ports, a fully independent semaphore 
logic block is provided. This block contains unassigned flags 
which can be accessed by either side; however, only one side can 
control theflag at a nytim e. An automatic powerdown feature, con- 
trolled by CE and SEM, permits the on-chip circuitry of eac h port 
to enter a very low standby power mode (both CE and SEM high). 

Fabricated using IDT’s CEMOS ™ high-performance technol- 
ogy this device typically operates on only 500mW of power at maxi- 
mum access times as fast as 45ns. Low-power (L) versions offer 
battery backup data retention capability, with each port typically 
consuming 200p.W from a 2V battery. The device is packaged in 
either a hermetic 52-pin leadless chip carrier or a 52-pin PLCC. 

The IDT71342 military devices are manufactured in compliance 
with the latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4Kx 8-BIT) WITH SEMAPHORE 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 



ABSOLUTE MAXIMUM RATINGS (1 > 



RATING 

COMMERCIAL 

MILITARY 

gTHTTi 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

a 

Bj 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pr 

Power Dissipation 

1.5 

1.5 

w 

Iqut 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

| CONDITIONS 

MAX. 

UNIT 

C,N 

Input Capacitance 

< 

z 

11 

o 

< 

11 

PF 

C OUT 

Output Capacitance 

1 v oirr = 0V [ 

11 

PF 


NOTE: 

1 . This parameter is determined by device characterization but is not pro- 
duction tested. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.50) 

. - 

0.8 

V 


NOTE: 

1 . V IL (min.) = -3.0V for pulse width less than 20ns. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (V cc = s.ov ±10%) 


Input Leakage Current 


Output Leakage Current 


Output Low Voltage 


Output High Voltage 



TEST CONDITIONS 

1DT71342S 

MIN. MAX. 

IDT71342L 

MIN. MAX. 

Vcc = 5.5V, V IN = 0VtoV cc 

10 

5 

CE = V| H . V 0UT = 0V to V cc 

10 

5 

l 0L = 6mA 

0.4 

0.4 

I 0 l = 8mA 

0.5 

0.5 

l 0H = -4mA 

2.4 

2.4 



DC ELECTRICAL CHARACTERISTICS OVER THE 

OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE (1) (V cc = s.ov ±10%) 


PARAMETER TEST CONDITION 


Dynamic Operating ^utputsOpen 

Current (Both Ports ^ = Do F n - t Care 

Active > f = fMAxP) 


Dynamic Operating CE = V 


Current 
(Semaphores 
Both Sides) 


Standby Current 
sbi (Both Ports -TTL 
Level Inputs) 


Standby Current 
SB2 (One Port-TTL 
Level Inputs) 


SEM = V| L 
Outputs Open 

f = W 3 > 



Both Ports CEl and 

Full Standby Current f Er - ^ cc ^ MIL 
SB3 (Both Ports- V| N > V cc -0.2Vor 


All CMOS Level 
Inputs) 


IDT71 342x45 IDT71342x55 IDT71342x70 

TYP. (2> MAX. TYP. 1 (2) MAX. TYP. (2) MAX. 


V| N > V cc -0.2V or 
V, N < 0. 2V 
SEM l = SEM r > C0M ’L 
V cc -0.2 V. f = 0< 3 > 


On e Port CE L or 
CE R > V cc -0.2V MIL 
Full Standby Current V , N > V cc -0.2V or 

(One Port-All CMOS J " 

Level Inputs) lN . - ' ’ 

Active Port Outputs COM L. 

Open, f = f MAX (3) 


1. "x” in part numbers indicates power rating (S or L). 

2. V cc = 5V, j A = +25°C 

3 - ^max = Vt RC = All inputs cycling atf = 1/t RC (exceptOutputEnabie). 1 
standby, l SB3 - 



100 

230 

100 

180 

100 

200 

100 

160 

85 

130 

85 

110 

85 

130 

85 

100 

25 

70 

25 


25 

70 

25 

40 

50 

150 

50 

120 

50 

130 

50 

100 

1.0 

30 

0.2 

10 

1.0 

15 

0.2 

4.0 

50 

120 

45 

90 

50 

110 

45 

90 










= 0 means no address or control lines change. Applies only to inputs at CMOS level 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4Kx 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES (1> 

(L Version Only) V LC = 0.2V, V HC = V cc - 0.2V 







TYP. 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITION 


MIN. 

Vcc @ 

2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

- 

V 

mm 

Data Retention Current 


MIL. 

- 

- 

4000 

TBD 

M-A 

mm 

cs >V HC 

COM'L. 

- 

- 

4000 

TBD 

t CDR (3) 

Chip Deselect to Data Retention Time 

V,N > Vhc or< V LC 


0 

- 

- 

- 

ns 

t R (3) 

Operation Recovery Time 



*rc <2) 

- 

- 

- 

ns 


NOTES: 

1. V cc =2V.T a = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


LOW V cc DATA RETENTION WAVEFORM 


CE 


DATA RETENTION MODE 


*CDR 

4.5V j 

V v db22 v 7 

c_ 

4.5V 


V////7 

L \ 

V,H 


k V IH 

SWWY 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


5V 


DATAr 


775X1< 


1250X1 
y 30pF* 


5V 


DATA out • 


775X1 < 


1250X1 

5pF* 


Figure 1. Output Load 


Figure 2. Output Load 
(for t^.tHz.twz.tow) 


* Including scope and jig. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

IDT71342S45 

IDT71342L45 

MIN. MAX. 

IDT71342S55 

IDT71342L55 

MIN. MAX. 

IDT71342S70 

IDT71342L70 

MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

l AA 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ACE 

Chip Enable Access Time (3) 

- 

45 

- 

55 

- 

70 

ns 

l AOE 

Output Enable Access Time 

- 

25 

- 

30 

- 

40 

ns 

*OH 

Output Hold From Address Change 

5 

- 

5 

- 

5 

- 

ns 


Output Low Z Time U. 2 > 

5 

- 

5 

- 

5 

- 

ns 

«HZ 

Output High Z Time (i. 2) 

- 

25 

- 

30 

- 

40 

ns 

Mam 

Chip Enable to Power Up Time < 2 > 

0 

- 

0 

- 

0 

- 

ns 

l PD 

Chip Disable to Power Down Time < 2 ) 

- 

50 

- 

50 

- 

50 

ns 

l SOP 

Sem Fig update Pulse (OE or SEM) 

15 

- 

20 

- 

20 

- 

ns 


NOTES: 

1. Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 

3. To access RAM. CE = \^ L , SEM = V IH . To access semaphore, CE = y H , SEM = V !L . 

TIMING WAVEFORM OF READ CYCLE NO. 1 , EITHER SIDE (1 - 2 - 4) 


ADDRESS =x 



* ' *AA 

r* 1 oh *" 



*■ l OH ► 


DATA out PREVIOUS DATA VALID j 

(XX/ 

( DATA VALID ^ 

2X 


TIMING WAVEFORM OF READ CYCLE NO. 2, EITHER SIDE (1 ’ 3) 



NOTES: 

1 . RAW is high for Read Cycles. 

2. Device is continuously enabled, CE = y L . This waveform cannot be used for semaphore reads. 

3. Addresses valid prior to or coincident with CE transition low. 

4. (5E = V| L __ 

5. To access RAM. CE = V lu , SEM = V 1H . To access semaphore, CE = y H , SEM = V| L . 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS OVER THE 
OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 


SYMBOL 

PARAMETER 

IDT71342S45 

IDT71342L45 

MIN. MAX. 

IDT71342S55 

IDT71342L55 

MIN. MAX. 

IDT71342S70 

IDT71342L70 

MIN. MAX. 

UNIT 

WRITE CYCLE 

*wc 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

*EW 

Chip Enable to End of Write < 3 ) 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AS 

Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 

twp 

Write Pulse Width 

40 

- 

50 

_ 

60 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

_ 

0 

_ 

ns 

*dw 

Data Valid to End of Write 

20 

_ 

25 

_ 

30 

- 

ns 

l HZ 

Output High Z Time (L 2 > 

- 

20 

- 

25 

- 

30 

ns 

*DH 

Data Hold Time 

3 

- 

3 

- 

3 

- 

ns 

*WZ 

Write Enable to Output in 

High Z d.2) 

- 

20 

- 

25 

- 

30 

ns 

*0W 

Output Active From End of Write! 1 .2) 

0 

- 

0 

- 

0 

- 

ns 

Wr 

SEM Flag Write to Read Time 

10 

- 

10 

- 

10 

- 

ns 

*SPS 

SEM Flag Contention Window 

10 

- 

10 

- 

10 

- 

ns 


NOTES: 

1 . Transition is measured ±500mV from low or high impedance voltage with load (Figures 1 and 2). 

2. This parameter is guaranteed but not tested. 

3. To access RAM, CE = V IL , SEM = V ]H . To access semaphore, CE = \^ H , SEM = V( L . This condition must be valid for entire time. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, R/W CONTROLLED TIMING (1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, CE CONTROLLED TIMING (1,2> 3> 5>9) 


ADDRESS 


CEor 
SEM (8) 


R/W 

DATA, n 




X 




c 


X 


y 


NOTES: 

1. R/W must be high during all address transitions. 

2. A write occurs during the overlap (t^ or l^p) of a low CE or SEM and a low R/W. 

3. t W R is measured from the earlier of CE or R/W (or SEM or R/W). going high to the end of write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CE or SEM low transition occurs simultaneously with or after the R/W low transition, the outputs remain in the high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. If OE is low during a R/W controlled write cycle, the write pulse width must be the larger of twp or (twz + tow ) to allow the I/O drivers to turn off 
and data to be placed on the bus for the required t DW . If CE is high during an R/W controlled write cycle, this requirement does not apply and the 
write pulse can be as short as th e specified t WP . 

8. To access RAM, CE = y L , SEM = y H . To access semaphore, CE = y H , SEM = V 1L . Either condition must be valid for the entire t^Ame. 



IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4Kx 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF SEMAPHORE READ AFTER WRITE TIMING, EITHER SIDE (1) 


OE 


NOT& 

1 . CE = V, H for the duration of the above timing (both write and read cycle). 



TIMING WAVEFORM OF SEMAPHORE CONTENTION 



NOTES: 

1. D or = D ol = V| L , CE r = CE L = V iH , semaphore Flag is released from both sides (reads as ones from both sides) at cycle start. 

2. Either side “A” = left and side “B" = right, or side “A” = right and side “B" = left. 

3. This parameter is measured from the point where R/W A or SEM A goes high until R/W B or SEM B goes high. 

4. If t SPS is violated, the semaphore will fall positively to one side or the other, but there is no guarantee which side will obtain the flag. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION 

The IDT71342 is an extremely fast dual-port 4K x 8 CMOS static 
RAM with an additional 8 address locations dedicated to binary 
semaphore flags. These flags allow either processor on the left or 
right side of the dual-port RAM to claim a privilege over the other 
processor for functions defined by the system designer’s software. 
As an example, the semaphore can be used by one processor to 
inhibit the other from accessing a portion of the dual-port RAM or 
any other shared resource. 

The dual-port RAM features a fast access time, and both ports 
are completely independent of each other. This means that the 
activity on the left port in no way slows the access time of the right 
port. Both ports are identical in function to standard CMOS static 
RAMs and can be read from, or written to, at the same time with the 
only possible conflict arising from the simultaneous writing of, ora 
simultaneous READ/WRITE of, a non-semaphore location. Sema- 
phores are protected against such ambiguous situations and may 
be used by the system program to avoid any conflicts in the non- 
semaphore portion of the dual-port RAM. These devices have an 
automatic power- down feature controlled by CE, the dua l-port 
RAM enable, and SEM, the semaphore enable. The CEand SEM 
pins control on-chip power down circuitry that permits the respec- 
tive port to go into standby mode when not select ed. Th is is the 
condition which is shown in Table I where CEand SEM are both 
high. 

Systems which can best use the IDT71342 contain multiple 
processors or controllers and are typically very high-speed sys- 
tems which are software controlled or software intensive. These 
systems can benefit from a performance increase offered by the 
IDT71342’s hardware semaphores, which provide a lockout 
mechanism without requiring complex programming. 

Software handshaking between processors offers the maximum 
in system flexibility by permitting shared resources to be allocated 
in varying configurations. The IDT71342 does not use its sema- 
phore flags to control any resources through hardware, thus allow- 
ing the system designer total flexibility in system architecture. 

An advantage of using semaphores rather than the more com- 
mon methods of hardware arbitration is that wait states are never 
incurred in either processor. This can prove to be a major advan- 
tage in very high-speed systems. 

HOW THE SEMAPHORE FLAGS WORK 

The semaphore logic is a set of eight latches which are inde- 
pendent of the dual-port RAM . These latches can be used to pass a 
flag, or token, from one port to the other to indicate that a shared 
resource is in use. The semaphores provide a hardware assist for a 
use assignment method called “Token Passing Allocation.” In this 
method, the state of a semaphore latch is used as a token indicat- 
ing that a shared resource is in use. If the left processor wants to 
use this resource, it requests the token by setting the latch. This 
processor then verifies its success in setting the latch by reading it. 
If it was successful, it proceeds to assume control over the shared 
resource. If it was not successful in setting the latch, it determines 
that the right side processor had set the latch first, has the token 
and is using the shared resource. The left processor can then either 
repeatedly request that semaphore’s status or remove its request 
for that semaphore to perform another task and occasionally 
attempt again to gain control of the token via the set and test 
sequence. Once the right side has relinquished the token, the left 
side should succeed in gaining control. 

The semaphore flags are active low. A token is requested by 
writing a zero into a semaphore latch and is released when the 
same side writes a one to that latch. 


The eight semaphore flags reside within the IDT71342 in a 
separate memory space from the dual-port RA M. Th is address 
space is accessed by placing a low input on the SEM pin (which 
acts as a chip select for the semaphore flags) and using the other 
control pins (Address, OE, and R/W) as they would be used in ac- 
cessing a standard static RAM. Each of the flags has a unique ad- 
dress which can be accessed by either side through address pins 
Ao - A 2 . When accessing the semaphores, none of the other ad- 
dress pins has any effect. 

When writing to a semaphore, only data pin Do is used. If a low 
level is written into an unused semaphore location, that flag will be 
set to a zero on that side and a one on the other (see Table II). That 
semaphore can now only be modified by the side showing the 
zero. When a one is written into the same location from the same 
side, the flag will be set to a one for both sides (unless a semaphore 
request from the other side is pending) and then can be written to 
by both sides. The fact that the side which is able to write a zero into 
a semaphore subsequently locks out writes from the other side is 
what makes semaphore flags useful in interprocessor communica- 
tions. (A thorough discussion on the use of this feature follows 
shortly.) A zero written into the same location from the other side 
will be stored in the semaphore request latch for that side until the 
semaphore is freed by the first side. 

When a semaphore flag is read, its value is spread into all data 
bits so that a flag that is a one reads as a one in all data bits and a 
flag containing a zero reads as all zeros. The read value is latched 
i nto on e side’s output register when that side’s semaphore select 
(SEM) and output enable (OE) signals go active. This serves to 
disallow the semaphore from changing state in the middle of a read 
cycle due to a write cycle from the other side. Because of this latch, 
a repe ated r ead of a semaphore in a test loop must cause either 
signal (SEM or OE) to go inactive or the output will never change. 

A sequence of WRITE/READ must be used by the semaphore in 
order to guarantee that no system level contention will occur. A 
processor requests access to shared resources by attempting to 
write a zero into a semaphore location. If the semaphore is already 
in use, the semaphore request latch will contain a zero, yet the 
semaphore flag will appear as a one, a fact which the processor will 
verify by the subsequent read (see Table II). As an example, as- 
sume a processor writes a zero to the left port at a free semaphore 
location. On a subsequent read, the processor will verify that it has 
written successfully to that location and will assume control over 
the resource in question. Meanwhile, if a processor on the right 
side attempts to write a zero to the same semaphore flag it will fail, 
as will be verified by the fact that a one wi 1 1 be read from that sema- 
phore on the right side during a subsequent read. Had a sequence 
of READ/WRITE been used instead, system contention problems 
could have occurred during the gap between the read and write cy- 
cles. 



It is important to note that a failed semaphore request must be 
followed by either repeated reads or by writing a one into the same 
location. The reason for this is easily understood by looking at the 
simple logic diagram of the semaphore flag in Figure 3. Two sema- 
phore request latches feed into a semaphore flag. Whichever latch 
is first to present a zero to the semaphore flag will force its side of 
the semaphore flag low and the other side high. This condition will 
continue until a one is written to the same semaphore request latch. 
Should the other side’s semaphore request latch have been written 
to a zero in the meantime, the semaphore flag will flip over to the 
other side as soon as a one is written into the first side’s request 
latch. The second side’s flag will now stay low until its semaphore 
request latch is written to a one. From this it is easy to understand 
that, if a semaphore is requested and the processor which re- 
quested it no longer needs the resource, the entire system can 
hang up until a one is written into that semaphore request latch. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4K x 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE I -NON-CONTENTION READ/WRITE CONTROL 


LEFT OR RIGHT PORT <’> 

FUNCTION 

fM 

m 

Kh=L',I 

El 

Do-7 

X 

H 

H 

X 

Z 

Port Disabled and in Power Down 
Mode 

H 

H 

B 

D 

DATAqut 

Data in Semaphore Flag 

Output on Port 

D 

B 

m 

D 

z 

Output Disabled 

_r 

H 

L 

X 

DATA| N 

Port Data Bit D 0 Written Into 
Semaphore Flag 

D 

B 

H 

L 

DATA our 

Data In Memory Output on Port 

L 

L 

H 

B 

DATA | N 

Data On Port Written Into Memory 

D 

L 

L 

B 

- 

Not Allowed 


NOTE: 

1. Aol“ A 10 l* A 0R -A 10n 

H = HIGH, L = LOW. X = DON'T CARE. Z = HIGH IMPEDANCE 
_r= Low-to-High transition 


TABLE II -EXAMPLE SEMAPHORE PROCUREMENT SEQUENCE 


FUNCTION 

D 0 - D 7 LEFT 

D 0 -D 7 RIGHT 

STATUS 

No Action 

1 

1 

Semaphore free 

Left Port Writes "0" to Semaphore 

0 

1 

Left port has semaphore token 

Right Port Writes “0” to Semaphore 

0 

1 

No change. Right side has no write 
access to semaphore 

Left Port Writes “1 ’ to Semaphore 

1 

0 

Right port obtains semaphore token 

Left Port Writes "0" to Semaphore 

1 

0 

No change. Left port has no write 
access to semaphore 

Right Port Writes “1 ” to Semaphore 

0 

1 

Left port obtains semaphore token 

Left Port Writes “1 ” to Semaphore 

1 

1 

Semaphore free 

Right Port Writes *0" to Semaphore 

1 

0 

Right port has semaphore token 

Right Port Writes “I" to Semaphore 

1 

1 

Semaphore free 

Left Port Writes “O’ to Semaphore 

0 

1 

Left port has semaphore token 

Left Port Writes “1 ” to Semaphore 

1 

1 

Semaphore free 


NOTE: 

1 . This table denotes a sequence of events for only one of the eight semaphores on the IDT71 342. 
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IDT71342S AND IDT71342L CMOS 

DUAL-PORT RAM 32K (4Kx 8-BIT) WITH SEMAPHORE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


The critical case of semaphore timing is when both sides re- 
quest a single token by attempting to write a zero into it at the same 
time. The semaphore logic is specially designed to resolve this 
problem. If simultaneous requests are made, the logic guarantees 
that only one side receives the token. If one side is earlier than the 
other in making the request, the first side to make the fequest will 
receive the token. If both requests arrive at the same time, the as- 
signment will be arbitrarily made to one port or the other. 

One caution that should be noted when using semaphores is 
that semaphores alone do not guarantee that access to a resource 
is secure. As with any powerful programming technique, if sema- 
phores are misused or misinterpreted, a software error can easily 
happen. Code integrity is of the utmost importance when sema- 
phores are used instead of slower, more restrictive hardware inten- 
sive schemes. 

Initialization of the semaphores is not automatic and must be 
handled via the initialization program at power up. Since any 
semaphore request flag which contains a zero must be reset to a 
one, all semaphores on both sides should have a one written into 
them at initialization from both sides to assure that they will be free 
when needed. 

USING SEMAPHORES-Some Examples 

Perhaps the simplest application of semaphores is their appli- 
cation as resource markers for the IDT71342’s dual-port RAM. Say 
the 4K x 8 RAM was to be divided into two 2K x 8 blocks which were 
to be dedicated at any one time to servicing either the left or right 
port. Semaphore 0 could be used to indicate the side which would 
control the lower section of memory, and Semaphore 1 could be 
defined as the indicator for the upper section of memory. 

To take a resource, in this example the lower 2K of dual-port 
RAM, the processor on the left port could write and then read a zero 
into Semaphore 0. If this task were successfully completed (a zero 
was read back rather than a one) , the left processor would assume 
control of the lower 2K. Meanwhile, the right processor would at- 
tempt to perform the same function. Since this processor was at- 
tempting to gain control of the resource after the left processor, it 
would read back a one in response to the zero it had attempted to 
write into Semaphore 0. At this point, the software could choose to 
try and gain control of the second 2K section by writing, then read- 


L PORT 

SEMAPHORE 
REQUEST FLIP FLOP 


ing a zero into Semaphore 1. If it succeeded in gaining control, it 
would lock out the left side. 

Once the left side was finished with its task, it would write a one 
to Semaphore 0 and may then try to gain access to Semaphore 1 . If 
Semaphore 1 was still occupied by the right side, the left side could 
undo its semaphore request and perform other tasks until it was 
able to write, then read a zero into Semaphore 1 . If the right proces- 
sor performs a similar task with Semaphore 0, this protocol would 
allow the two processors to swap 2K blocks of dual-port RAM with 
each other. 

The blocks do not have to be any particular size and can even be 
variable, depending upon the complexity of the software using the 
semaphore flags. All eight semaphores could be used to divide the 
dual-port RAM or other shared resources into eight parts. Sema- 
phores can even be assigned different meanings on different sides 
rather than being given a common meaning as was shown in the 
example above. 

Semaphores are a useful form of arbitration in systems like disk 
interfaces where the CPU must be locked out of a section of mem- 
ory during a transfer and the I/O device cannot tolerate any wait 
states. With the use of semaphores, once the two devices had de- 
termined which memory area was “off limits” to the CPU, both the 
CPU and the I/O devices could access their assigned portions of 
memory continuously without any wait states. 

Semaphores are also useful in applications where no memory 
“WAIT” state is available on one or both sides. Once a semaphore 
handshake has been performed, both processors can access their 
assigned RAM segments at full speed. 

Another application is in the area of complex data structures. In 
this case, block arbitration is very important. For this application 
one processor may be responsible for building and updating a 
data structure. The other processor then reads and interprets that 
data structure. If the interpreting processor reads an incomplete 
data structure, a major error condition may exist. Therefore, some 
sort of arbitration must be used between the two different proces- 
sors. The building processor arbitrates for the block, locks it and 
then is able to go in and update the data structure. When the update 
is completed, the data structure block is released. This allows the 
interpreting processor to come back and read the complete data 
structure, thereby guaranteeing a consistent data structure. 


R PORT 

SEMAPHORE 
REQUEST FLIP FLOP 



Do 

WRITE 


SEMAPHORE LATCH 
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FIGURE 3. IDT71342 Semaphore Logic 







ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B 

PLCC 

LCC 

Speed in Nanoseconds 

Low Power 
Standard Power 

32K (4K x 8-Bit) Dual-Port RAM w/Semaphore 





CMOS DUAL-PORT RAM 

IDT7M134S 

in 

(•■••••■■■a 

MODULE 64K (8K x 8-BIT) & 

IDT7M135S 

Integrated Device Technology. Inc. 

128K (16Kx 8-BIT) 



FEATURES: 

• High-density 64K/128K-bit CMOS dual-port RAM modules 

• 16K x 8 organization (IDT7M135) with 8K x 8 option 
(IDT7M134) 

• Low power consumption 

• CEMOS™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• On-chip port arbitration logic 

• BOSY flags 

• Fully asynchronous operation from either port 

• Single 5V (±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• On-chip pull up resistors for open-drain BUSY flag option 

• Inputs and outputs directly TTL-compatible 

• Fully static operation 

• Modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold 
temperatures for all AC and DC parameters 

DESCRIPTION: 

The IDT7M134/135 are 64K/128K-bit high-speed CMOS dual- 
port static RAM modules constructed on a multi-layered ceramic 


substrate using four IDT7132 2K x 8 dual-port RAMs (IDT7M134) or 
eight 1DT7132 dual-port RAMs (IDT7M135) in leadless chip carri- 
ers. Dual-port function is achieved by utilization of the two 
on-board IDT54/74FCT138 decoder circuits that interpret the 
higher order addresses A U n-i 3 and A R1 m 3 to select one of the eight 
2K x 8 dual-port RAMs. (On IDT7M134 8K x 8 option, the A L is and 
A R13 need to be externally grounded and the selection becomes 
one of the four 2K x 8 dual-port RAMs.) Extremely high speeds are 
achieved in this fashion due to the use of the 1DT7132 dual-port 
RAM, fabricated in IDT’s high-performance CEMOS technology. 

The IDT7M134/135 provide two ports with separate control, ad- 
dress and I/O pins that permit indepen dent ac cess for reads or 
writes to any location in the memory. The BUSY flags are provided 
for the situation when both ports simultaneously access the same 
memory location. The on-chip a rbitratio n logic will determine 
which port has access and sets the BUSY flag of the delayed port. 
BUSY is set at speeds that permit the processor to hold the opera- 
tion and its re spective address and data. The delayed port will have 
access when BUSY goes high (inactive). 

The IDT7M134/135 are available with access times as fast as 
45ns commercial and 60ns military temperature range, with oper- 
ating power consumption of only 2.1W/3.5W (max.). The module 
also offers a standby power mode of 1.4W/2.8W (max.) and a full 
standby mode of 660mW/1.3W (max.). 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 



PIN CONFIGURATION 


Vcc hi 



'12L 
Al3l<2> 

I/O 0L 

I/O iu 
l/0 2U 
l/0 3L 
i/o 4L 

I/05L 

l/0 6 u 

l/0 7L 

GNDh) 


PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 

CE. 

CE r 

Chip Enable 

R/W l 

RAVr 

Read/Write Enable 

CEt 

oe r 

Output Enable 

BUSY l 

BUSVr 

BUSY Flag (Open Drain) 

R330 l 

R330 r 

PULL-UP Resistors for 
Open-drain BUSY Flag option 

A OL * A 13L 

A OR* A 13R 

Address 

I/Oql - l°7L 

I/OoR ' '/®7R 

Data Input/Output 

Vcc 

Power 

GND 

Ground 



NOTES: 

1 . Both Vcc P ins need to be connected to the 5V supply and both GND pins need to be grounded 
for proper operation. 

2. On 8K x 8 IDT7M134 option A 13L and A 13R need to be externally connected to ground for proper 
operation. 

3. For module dimensions, please refer to module drawing M7 in the packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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FEATURES: 

• High-density 256K-bit CMOS dual-port RAM module 

• 32K x 8 organization 

• Low power consumption 

• CEMOS ™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Battery backup operation -2V data retention 

• Fully asynchronous operation from either port 

• Single 5V(±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Fully static operation 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M137 is a 256K-bit high-speed CMOS dual-port static 
RAM module constructed on a multi-layered ceramic substrate us- 
ing eight IDT7134 dual-port RAMs in leadless chip carriers. The full 
32K bytes of dual-port RAM are directly addressable by utilization 
of the two on-board IDT54/74FCT138 decoder circuits that inter- 
pret the higher order addresses A L i 2 -i 4 and Am 2 -i 4 to select one of 
the eight 4K x 8 dual-port RAMs. Extremely high speeds are 
achieved in this fashion due to the use of the IDT7134 dual-port 
RAM, fabricated in IDT’s high-performance CEMOS technology. 

The IDT7M137 provides two ports with separate control, ad- 
dress and I/O pins that permit independent, asynchronous access 
for reads or writes to any location in the memory. The IDT7M137 is 
designed to be used in systems where on-chip hardware port arbi- 
tration is not needed. It is the user’s responsibility to ensure data 
integrity when simultaneously accessing the same memory loca- 
tion from both ports. 

The IDT7M137 is available with access times as fast as 55ns 
commercial and 60ns military temperature range, with operating 
power consumption of pnly 4W (max.) The modules also offer a 
standby power mode of 3.6W (max.) and full standby mode of 1 .3W 
(max.). 

All IDT military module semiconductor components are manu- 
factured in compliance to the latest revision of MIL-STD-883, Class 
/ B, making them ideally suited to applications demanding the high- 
est level of performance and reliability. 



DIP 

TOP VIEW 


PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 


CE r 

Chip Enable 

R/W l 

R/Wr 

Read/Write Enable 

(5E, 

(5E r 

Output Enable 

AoL-14L 

A0R-14R 

Address 

I/OqL-7L 

I/OoR-7R 

Data Input/Output 

Vcc 

Power 

GND 

Ground 


NOTES: 


1 . Both Vbc pins need to be connected to the 5V supply and both GND 
pins need to be grounded for proper operation. 

2. On16Kx8JDT7M136option, A) 4 l andA 14R need to be externally con- 
nected to ground for proper operation. 

3. For module dimensions, please refer to module drawing M7 in the 
packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. • 

MILITARY AND COMMERCIAL TEMPERATURE RANGES ^ . DECEMBER 1987 
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Integrated Device Technology Inc. 


CMOS SLAVE DUAL-PORT IDT7M144S 
RAM MODULE 64K (8K x 8-BIT) IDT7M145S 
& 128K(16Kx 8-BIT) 


FEATURES: 

• High-density 64K/128K-bit CMOS SLAVE dual-port RAM 
modules 

• Easily expands data bus width to 16-or-more-bits when used 
with MASTER IDT7M134 or IDT7M135 

• 16K x 8 organization (IDT7M145) or 8 K x 8 option (IDT7M144) 

• High-speed access 

- Military: 60ns (max.) 

- Commercial: 45ns (max.) 

• Low power operation 

- Active: 950mW (typ.) (IDT7M144) 

- Standby: 20mW (typ.) (IDT7M144) 

• BUSY input flags 

• Fully asynchronous operation from either port 

• Fully static operation 

• Dual V C c and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Single 5V(±10%) power supply 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M144/145 are 64K/128K-bit high-speed CEMOS™ 
SLAVE dual-port static RAM modules constructed on a multi- 
layered, co-fired, ceramic substrate using four IDT7142 2K x 8 
SLAVE dual-port RAMs (IDT7M144) or eight IDT7142 SLAVE dual- 
port RAMs (IDT7M145) in leadless chip carriers. Dual-port function 
is achieved by utilization of the two on-board 1DT54/74FCT138 de- 
coder circuits that interpret the higher order addresses Ali 1-13 and 
Ari 1-13 to select one of the eight 2K x 8 dual-port RAMs. (On 
IDT7M144 8 K x 8 option, the Ali 3 and A R13 need to be externally 
grounded and the selection becomes one of the four 2K x 8 
dual-port RAMs.) ^ ^ ^ 

The IDT7M144/145 are designed as “SLAVE" dual-port RAM 
modules to be used together with the IDT7M135/135 “MASTER” 
dual-port RAM modules in 16-or-more-bit systems, whereas the 
1DT7M 134/1 35 are designed to be used as stand-alone 8 -bit dual- 
port RAM modules. Using the IDT MASTER/SLAVE dual-port RAM 
module approach in 16-or-more-bit memory system applications 
results in full speed operation without the need for additional dis- 
crete logic. 

Both SLAVE IDT7M144/145 and MASTER 1DT7M134/135 mod- 
ules provide two ports with separate control, address and I/O pins 
that permit independent asynchro nous a ccess for reads or writes 
to any location in the memory. The BUSY flags are provided for the 
situation whe n both ports simultaneously access the same mem- 
ory location. BUSY is set at speeds that permit the processor to 
hold the operation and its respe ctive a ddress and data. The de- 
layed port will have access when BUSY goes high (inactive). The 
BUSY pins are outputs on the MASTER and inputs on the SLAVE. 


PIN CONFIGURATION 


PIN NAMES 


Vcc hi 



LEFT PORT 

RIGHT PORT 

NAMES 


CEr 

Chip Enable 

R/W l 

RAVr 

Read/Write Enable 

5F| 


Output Enable 

EU57 l 

BUSY R 

Busy Flag 

AoL -Al3L 

A 0R _ Ai3R 

Address 

l/O 0L -I/07L 

•/OqR -I/O 7R 

Data Input/Output 

o< 

0 

Power 

GND 

Ground 


CEMOS is a trademark of Integrated Device Technology, Inc. 



NOTES: 

1 . Both Vcc pins need to be connected to the 5V supply and both GND pins need to be grounded for 
proper operation. 

2 . On8Kx8IDT7M134option, A 13 L andA 13R need to be externally connected to ground for proper 
operation. 

3. IDT7M 134/1 35 (MASTER): BUSY is open drain output and requires pull up resistor. IDT7M144/145 
(SLAVE): BUSY is input. 

4. For module dimensions, please refer to module drawing M7 in the packaging section. 
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FIFO MEMORIES 


Integration of IDT’s high-speed static RAM technology with 
internal support logic yields high-performance, high-density FIFO 
memories. A FIFO is used as a memory buffer between two 
asynchronous systems with simultaneous read/write access. The 
data rate between the two systems can be regulated by monitoring 
the status flags and throttling the read and write accesses. Since 
these FIFOs are built with an internal RAM pointer architecture, 
there is no fall-through time between a write to a memory location 
and a read from that memory location. System performance is 
significantly improved over the shift register-based architecture of 
previous FIFO designs which are handicapped with long 
fall-through times. 

IDT offers the widest selection of monolithic FIFOs, ranging 
from shallow 64 x 4 and 64 x 5 to the high-density 4K x 9. Shallow 
FIFOs regulate data flow in tightly coupled computational engines. 
High density FIFOs store large data blocks in networking, telecom- 
munication and data storage systems. The IDT7200 FIFO family 
(256 x 9 through the 4K x 9 FIFOs) are all pin and function 


compatible, making density upgrades simple. All IDT FIFOs can 
be cascaded to greater word depths and expanded to greater word 
widths with no external support logic. 

A variety of packages are available: standard plastic DIP and 
CERDIP, surface mount ceramic LCC, PLCC and SOIC and high- 
reliability Flatpack. Increasing board density is the overwhelming 
goal of the IDT’s package development efforts, as demonstrated 
by the introduction of the 300 mil THINDIP. 

The Parallel-Serial FIFO incorporates a serial input and a serial 
output shifter for serial-to-paral lei bus interface. The Parallel-Serial 
FIFO also offers six status flags for flexible data throttling. 

FIFO modules, composed of four LCC devices mounted on a 
multi-layer co-fired ceramic substrate, increase densities to 
16K x 9 which are pin-compatible with current monolithic versions. 

IDT is committed to offering FIFOs of increasing density and 
speed and enhanced architectural innovations, such as Flexishift 
and the BiFlFO, for easier system interface. 
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CMOS PARALLEL 

IDT7200S/L 

FIRST-IN/FIRST-OUT FIFO 

IDT7201SA/LA 

256 x 9-BIT & 512 x 9-BIT 



FEATURES: 

• First-In/First-Out dual-port memory 

• 256 X 9 organization (IDT7200) 

• 512 x 9 organization (IDT7201A) 

• Low power consumption 

• Ultra high speed— 35ns cycle time (28.5MHz) 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• IDT7200 and IDT7201 A are pin and functionally compatible with 
Mostek MK4501, but with Half-Full Flag capability in single 
device mode 

• Master/Slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and Full warning flags 

• Auto retransmit capability 

• High-performance CEMOS™ technology 

• Available in plastic DIP, CERDIP, 300 mil sidebraze THINDIP, 
LCC, PLCC and Flatpack 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87531 is pending listing on 
this function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT7200/7201A are dual-port memories that utilize a spe- 
cial First-In/First-Out algorithm that loads and empties data on a 
first-in/first-out basis. The devices use Full and Empty flags to pre- 
vent data overflow and underflow and expansion logic to allow for 
unlimited expansion capability in both word size and depth. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data is toggled in_and out of the devices through the use 
of the Write (W) and Read (R) pins. The devices have a read/write 
cycle time of 35ns (28.5MHz). 

The devices utilize a 9-bit wide data array to allow for control and 

parity bits at the user’s option. This feature is especially useful in 

data communications applications where it is necessary to use a 

parity bit for transmission/reception error checking. It also features ■ TV ' 

a Retransmit ( RT) capability that allows for reset of the read pointer 

to its initial position when RT is pulsed low to allow for retransmis- 

sion from the beginning of data. A Half-Full Flag is available in the 

single device mode and width expansion modes. 

The IDT7200/1A are fabricated using IDT’s high-speed CEMOS 
technology. They are designed for those applications requiring 
asynchronous and simultaneous read/writes in multiprocessing 
and rate buffer applications. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 
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CEMOS is a trademark of Integrated Device Technology, Inp. 
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I DT7200/7201 A CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


kVJAUMI 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

D 

mm 

Storage 

Temperature 

-55 to +125 

-65 to +155 

Q 

m 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Military 

Supply Voltage 

D 

5.0 

5.5 

V 

Mcc 

Commercial 

Supply Voltage 

m 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High 

Voltage Commercial 

2.0 

- 

- 

V 

Mh 

Input High 

Voltage Military 

2.2 

- 

- 

V 

v 0) 

V IL 

Input Low 

Voltage 

Commercial 
and Military 

- 

- 

0.8 

V 


NOTE: 

1 . 1 ,5V undershoots are allowed for 1 0ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: Vcc = 5.0V ±10%, T A = 0°C to +70°C; Military: \fc c = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

IDT7200S/L 
IDT7201SA/LA 
COMMERCIAL 
t A = 25, 35ns 

IDT7200S/L 
IDT7201SA/LA 
MILITARY 
t A = 30, 40ns 

IDT7200S/L 
IDT7201SA/LA 
COMMERCIAL 
t A = 50, 65, 

80, 120ns 

IDT7200S/L 
IDT7201 SA/LA 
MILITARY 
t A = 50, 65, 

80, 120ns 

UNIT 



MIN. 

TYP. MAX. 

MIN. TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


I L | (1) 

Input Leakage Current 
(Any Input) 

-1 

- 

1 

-10 

10 

-1 

- 

1 

-10 

- 

10 

pA 

Ilo' 2 > 

Output Leakage Current 

-10 

- 

10 

-10 

10 

-10 

- 

10 

-10 

- 

10 

pA 

Mdh 

Output Logic “1" Voltage 

Ioh = -2mA 

2.4 

- 

- 

2.4 

- 

2.4 

- 

- 

2.4 

- 

- 

V 

V 0L 

Output Logic “0” Voltage 

Iol = 8mA 

- 

- 

0.4 

- 

0.4 

- 

- 

0.4 

- 

- 

0.4 

V 

•cci* 3 * 

Active Power Supply Current 

- 

- 

125 

- 

140 

- 

50 

80 

- 

70 

100 

mA 

1 < 3 > 
( CC2 

Average Standby Current 
(R = W = RS = FL/RT = y H 

- 

- 

15 

- 

20 

- 

5 

8 

- 

8 

15 

mA 

IcC3(L) <3) 

Power Down Current 
(All Input = Vcc -0.2V) 

- 

- 

500 

- 

900 

- 

- 

500 

- 

- 

900 

pA 

IcC3(S) <3) 

Power Down Current 
(All Input = Vcc -0.2V) 

- 

- 

5 

- 

9 

- 

- 

5 

- 

- 

9 

mA 


NOTES: 

1 . Measurements with 0.4 < V|N- V CC ■ 

2. R>V|h, 0.4<V OU T<\fcc 

3. I cc measurements are made with outputs open. 
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IDT7200/7201A CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 256 X 9-BIT & 512 X 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS 

(Commercial: V cc =5V±10%,T A =0°C to +70°C; Military: V cc = 5V ±10%, T A = -55°C to + 125°C) 




COM’L. 

MIL. 

COM’L 

MIL 

MILITARY AND COMMERCIAL 


SYMBOL 

PARAMETER 

7200x25 

7201x25 

7200x30 

7201x30 

7200x35 

7201x35 

7200x40 

7201x40 

7200x50 

7201x50 

7200x65 

7201x65 

7201x80 

7201x120 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. MAX. 

MIN. MAX. 

MIN. 

MAX. 

MIN. MAX. 

MIN. 

MAX. 



Shift Frequency 

- 

28.5 

- 

25 

- 

22.2 

- 

20 

- 

15 

- 

12.5 

- 

10 

7 

B 

*RC 

Read Cycle Time 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 

■23 


Access Time 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

m 

l RR 

Read Recovery Time 

10 


10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 

m 

mmm 

Read Pulse Width < 2 > 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 

El 

*RL7 

Read Pulse Low to Data Bus 
at Low ZP) 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

twLZ 

Write Pulse Low to Data Bus 
at Low Z (3. 4) 

5 


5 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

tDV 

Data Valid from Read Pulse High 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


l RHZ 

Read Pulse High to Data Bus 
at High ZP) 

- 

18 

- 

20 

- 

20 

- 

25 

- 

30 

- 

30 

- 

30 

- 

35 

ns | 

twc 

Write Cycle Time 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 


t W PW 

Write Pulse Width (2) 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


*WR 

Write Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 


*DS 

Data Set-up Time 

15 

- 

18 

- 

18 

- 

20 

- 

30 

- 

30 

- 

40 


40 

- 


l DH 

Data Hold Time 

0 

- 

0 

0 

- 

0 

- 

5 

- 

10 

- 

10 

- 

10 

- 


*RSC 

Reset Cycle Time 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 

■ 

*RS 

Reset Pulse Width <2) j 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 

■23 

'rss 

Reset Set-up Time 

25 


30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 

■a 

IrSR 

Reset Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 

■TJ 

Wc 

Retransmit Cycle Time 

35 

- 

40 

- 

45 

“ 

50 

- 

65 


80 

- 

100 

- 

140 

- 

■a 

Irt 

Retransmit Pulse Width < 2 ) 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


l RTS 

Retransmit Set-up Time 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


f RTR 

Retransmit Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 


tEFL 

Reset to Empty Flag Low 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 


Jhfh- 

*FFH 

Reset to Half-Full 
and Full Flag High 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

ns I 

^REF 

Read Low to Empty Flag Low 

- 

25 

- 

30 

- 

30 

- 

30 

- 

45 

- 

60 

- 

60 

- 

60 


*rff 

Read High to Full Flag High 

- 

25 

- 

30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 


*rpe 


25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 

■a 

*WEF 

Write High to Empty Flag High 

- 

25 

- 

30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 

■23 

*WFF 

Write Low to Full Flag Low 

- 

25 

- 

30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 


*WHF 

Write Low to Half-Full Flag Low 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 


tRHF 

Read High to Half-Full Flag High 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

■SS3 

*WPF 

Write Pulse Width after FF High 

25 - 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


'XOL 

Read/Write to XU Low 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 


txOH 

Read/Write to XU High 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 


txi 

XI Pulse Width 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


*XIR 

XI Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

wm 

*XIS 

Xi Set-up Time 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 



NOTES: 

1. Timings referenced as in AC Test Conditions. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design, not currently tested. 

4. Only applies to read data flow-through mode. 

5. "x” in part rating indicates power rating (S/SA or L/LA). 
































































































































































































































































































































































































IDT7200/7201A CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 

CAPACITANCE (t a = +25°c,f 

= 1.0MHz) 


SYMBOL 

PARAMETER <’> 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

v IN =ov 

8 

PF 

C OUT 

Output Capacitance 

^OUT = 0V 

8 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


TO 

OUTPUT 

PIN 



5V 



.IK 

30pF* 


Figure 1. Output Load 

‘Includes jig and scope capacitances. 


SIGNAL DESCRIPTIONS 
INPUTS: 

DATA IN (Do-Dg) 

Data inputs for 9-bit wide’data. 

CONTROLS 

RESET (RS) 

Reset is accomplished whenever the Reset (RS) input is taken 
to a low state. During reset, both internal read and write pointers are 
set to the first location. A reset is required after power up before a 
write operation j:an take place. Both the Read enable (R) and 
Write enable (W) inputs must be In the high state during the 
w|ndow shown In Figure 2, (l.e., t RS s before the rising edge of 
RS) and should nojchange until t RS R after the rising edge of 
RS. Half-Full Flag (HF) will be reset to high after Reset (RS). 
WRITE ENABLE (W) 

A write cycle is initiated on the falling edge of this input if the Full 
Flag (FF) is not set. Data set-up and hold times must beadhered to 
with respect to the rising edge of the Write enable (W). Data is 
stored in the RAM array sequentially and independently of any on- 
going read operation. 

After half of the memory is filled andat the falling edge of the next 
write operation, the Half-Full Flag (HF) will be set to low and will 
remain set until the difference between the write pointer and read 
pointer is less than or equal Jo one half of the total memory of the 
device. The Half-Full Flag (HF) is then reset by the rising edge of 
the read operation. 

To prevent data overflow, the Full Flag (FF ) will go low, inhibit- 
ing further write operations. Upon the completion of a valid read 
operation, the Full Flag (FF ) will go high after t R FF, allowing a valid 
write to begin._When the FIFO is full, thejnternal write pointer is 
blocked from W, so external changes in W will not affect the FIFO 
when it is full. 

READ ENABLE (R) 

_ A read cycle is initiated on the falling edge of the Read enable 
(R) provided the Empty Flag (EF) is not set. The data is accessed 
on a First-In/First-Out basis, independent of any ongoing write op- 
erations. After Read enable (R) goes high, the Data Outputs 
(Qo-Qe) will return to a high impedance condition until the next 
Read operation. When all the data has been read from the FIFO, the 
Empty Flag (EF) will go low, allowing the “final” read cycle but in- 
hibiting further read operations with the data outputs remaining in a 
high impedance state. Once avalid write operation has been ac- 
complished, the Empty Flag (EF) will go high after twEF and a valid 
read can then begin. When the FIFO is empty, the internal read 


pointer is blocked from R so external changes in R will not affect 
the FIFO when it is empty. 

FIRST LOAD/RETRANSMIT (FL/RT) 

This is a dual-purpose input, in the Depth Expansion Mode, this 
pin is grounded to indicate that it is the first loaded (see Operating 
Modes). In the Single Device Mode, this pin acts as the retransmit 
input. The Single Device Mode is initiated by grounding the Expan- 
sion In (XI). 

The IDT7200/7201A can be made to retransmit data when the 
Retransmit enable control (RT) input is pulsed low. A retransmit 
operation will set the internal read pointer to the first location and 
will not affect the write pointer. Read enable (R) and Write enable 
(W) must be in the high state during retransmit. This feature is use- 
ful when less than 256/512 writes are performed between resets. 
The retransmit feature is not compatiblewith the Depth Expansion 
Mode and will affect the Half-Full Flag (HF), depending on the rela- 
tive locations of the read and write pointers. 

EXPANSION IN (XI) 

This input is a dual-purpose pin. Expansion In (XI) is grounded 
tojndicate an operation in the single device mode. Expansion In 
(XI ) is connected to Expansion Out (XO) of the previous device in 
the Depth Expansion or Daisy Chain Mode. 

OUTPUTS 

FULL FLAG (FF) 

The Full Flag (FF) will go low, inhibiting further write operation, 
when the write pointer is one location from the read pointer, indicat- 
ingjhat the device isjuil. If the read pointer is not moved after Reset 
(RS ), the Full-Flag (FF ) will go low after 256 writes for the IDT7200 
and 512 writes for the IDT7201A. 

EMPTY FLAG (EF) 

The Empty Flag (EF) will go low, inhibiting further read opera- 
tions, when the read pointer is one location from the write pointer, 
indicating that the device is empty. If the write pointer is not moved 
after Reset (RS), the Empty Flag (EF) will go lowafter256 reads for 
the IDT7200 and 512 reads for the IDT7201A. 

EXPANSION OUT/HALF-FULL FLAG (XO/HF) 

This is a dual-purpose output. In the single device mode, when 
Expansion In (XI ) is grounded, this output acts as an indication of a 
half-full memory. 

Afterhalf of the memory is filled and at the falling edge of the next 
write operation, the Half-Full Flag (HF) will be set to low and will 
remain set until the difference between the write pointer and read 
pointer is less than or equal_to one half of the total memory of the 
device. The Half-Full Flag (HF) is then reset by the rising edge of 
the read operation. 
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IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


In the Depth Expansion Mode, Expansion In (XI) is connected to 
Expansion Out (XO) of the previous device. This output acts as a 
signal to the next device in the Daisy Chain by providing a pulse to 
the next device when the previous device reaches the last location 
of memory. 



NOTES^ 

1. E_F. FF and HF may change status during Reset, but flags will be valid at t RSC . 

2. W and R = V| H around the rising edge of RS. 


DATA OUTPUTS (Qo-Qs) 

Data outputs-for 9-bit wide data. This data is in a high imped- 
ance condition whenever Read (R) is in a high state. 


Figure 2. Reset 


IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 




IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


OPERATING MODES 

SINGLE DEVICE MODE 

A single IDT7200/7201A may be used when the application 
requirements are for 256/512 words or less. The IDT7200/7201 A is 
in a Single Device Configuration when the Expansion In (XI) con- 


trol input is grounded (see Figure 12). In this mode the Half-Full 
Flag {HF), which is an active low output, is shared with Expansion 
Out (XO). 


HALF-FULL FLAG (HF) 


i 




1 .(H) READ 



i&siRfiiiv 


pmmm 

mmm 



(HI) RETRANSMIT 




EXPANSION IN (XI) 




Figure 12. Block Diagram of Single 512x9 FIFO 


WIDTH EXPANSION MODE 

Word width may be increased simply by connecting the corre- 
sponding input control signals of multiple devices. Status flags 


(EF.FF and HF ) can be detected from any one device. Figure 13 
demonstrates an 18-bit word width by using two IDT7201As. 
Any word width can be attained by adding additional IDT7201 As. 



NOTE: 

1. Flag detection is accomplished by monitoring the FF, EF and the HF signals on either (any) device used in the width expansion configuration. Do not 
connect any output control signals together. 

Figure 13. Block Diagram of 512x18 FIFO Memory Used In Width Expansion Mode 
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IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEPTH EXPANSION (DAISY CHAIN) MODE 

The IDT7200/7201A can easily be adapted to applications 
where the requirements are for greater than 256/512 words. 
Figure 14 demonstrates Depth Expansion using three 
IDT7200/7201 As. Any depth can be attained by adding additional 
IDT7200/7201AS. The IDT7200/7201A operates in the Depth Ex- 
pansion configuration when the following conditions are met: 

1. The first device must be designed by grounding the First Load 
(FL) control input. 

2. All other devices must have FL in the high state. 

3. The ExpansionOut (XO) pin of each device must be tied to the 
Expansion In (XI) pin of the next device. See Figure 14. 

4. External logic is needed to generate a composite Full Flag (FF ) 
and Empty Flag (EF). This requires the ORing of all EFs and 
ORing ofall FFs (i.e. all must be set to generate the correct com- 
posite FF or EF). See Figure 14. 

5. The Retransmit (RT) function and Half-Full Flag (HF) are not 
available in the Depth Expansion Mode. 

For additional information refer to Tech Note 9: “Cascading 
FIFOs or FIFO Modules”. 

COMPOUND EXPANSION MODE 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO arrays 
(see Figure 15). 

BIDIRECTIONAL MODE 

Applications which require data buffering between two systems 
(each system capable of Read and Write operations) can be 
achieved by pairing IDT7200/7201 As as shown in Figure 16. Care 
must be taken to assure that the appropriate flag is monitored by 


TABLE I -RESET AND RETRANSMIT - 

SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


each system, (i.e., FF is monitored on the device where W is used; 
EF is monitored on the device where R is used). Both Depth Ex- 
pansion and Width Expansion may be used in this mode. 

DATA FLOW-THROUGH MODES 

Two types of flow-through modes are permitted: a read flow- 
through and write flow-through mode. For the read flow-through 
mode (Figure 17), the FIFO permits the reading of a single word 
after writing one word of data into an empty FIFO. The data is en- 
abled on the bus in (twEF + tA)ns after the rising edge of W, called 
the first write edge, and it remains on the bus until the R line is 
raised from low-to-high, after which the bus would go into a three- 
state mode after tRHz ns. The EF line would have a pulse showing 
temporary de-assertion and then would be asserted. In the interval 
of time that R is low, more words can be written to the FIFO (the 
subsequent writes after the first write edge will de-assert the Empty 
Flag); however, the same word (written on the first write edge) pre- 
sented to the output bus as the read pointer, would not be incre- 
mented when R is low. On toggling R , the other words that are writ- 
ten to the FIFO will appear on the output bus as in the read cycle 
timings. 

In the write flow-through mode (Figure 18), the FIFO permits the 
writing of a single word of data immediately after reading one word 
of data from afull FIFO. The R line causes the FF to be de-asserted 
but the W line, being low, causes it to be asserte_d again in anticipa- 
tion of a new data word.jOn the rising edge of W, the new word is 
loaded in the FIFO. The W line must be toggled when FF is not as- 
serted to write new data in the FIFO and to increment the write 
pointer. 

For additional information refer to Tech Note 8: “Operating 
FIFOs on Full and Empty Boundary Conditions” and Tech Note 6: 
“Designing with FIFOs.” 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 


RT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Bi 

Reset 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

Retransmit 

1 

0 

0 

Location Zero 

Unchanged 

X 

X 

X 

Read/Write 

1 

1 

0 

Increment* 1 ) 

Increment* 1 ) 

X 

X 

X 


NOTE: 

1 . Pointer will increment if flag is high. 


TABLE II -RESET AND FIRST LOAD TRUTH TABLE - 


DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Reset First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

Reset All Other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

(1) 

X 

X 

X 

X 


NOTES: _ 

1. Xl_is connected to XO of previous device. See Figure 14. 

RS = Reset Input FL/RT = First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = Expansion Input, HF = Half-Full Flag Output. 
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IDT7200/7201A CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 X 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 1 4. Block Diagram of 1 536 x 9 FIFO Memory (Depth Expansion) 



NOTES: 

1 . For depth expansion block see section on Depth Expansion and Figure 14. 

2. For Flag detection see section on Width Expansion and Figure 13. 

Figure 15. Compound FIFO Expansion 
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IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 










IDT7200/7201A CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 256 x 9-BIT & 512 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 18. Write Data Flow-Through Mode 


ORDERING INFORMATION 


IDT 


XXXX 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

Commercial (0°Cto +70°C) 

B 

Military (-55° C to +125°C) 

Compliant to MIL-STD-883, Class B 

P 

Plastic Dip 


D 

CERDIP 


TC 

Sidebraze THINDIP 


J 

Plastic Leaded Chip Carrier 

L 

Leadless Chip Carrier 


F 

Flatpack 


25 

Commercial Only ' 


30 

Military Only 


35 

Commercial Only 


40 

Military Only 

k Access Time (t A ) 

50 


Speed in Nanoseconds 

65 


80 



120 

j 


SA 

Standard Power* 


LA 

Low Power* 


7200 

256 x 9-Bit FIFO 


7201 

512 x 9-Bit FIFO 



“A” to be included for 7201 ordering part number only. 






CMOS PARALLEL 

IDT7202SA/LA 

FIRST-IN/FIRST-OUT 


FIFO 1024 x 9-BIT 



FEATURES: 

• First-In/First-Out dual-port memory 

• 1024x9 organization 

• Low power consumption 

• Ultra high speed— 35ns cycle time (28.5MHz) 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Pin compatible with Mostek MK4501, but with Half-Full Flag 
capability 

• Allows for deep word structure (1024) without expansion 

• Half-Full Flag capability in single device mode 

• Master/Slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and Full warning flags 

• Auto retransmit capability 

• High-performance CEMOS™ technology 

• Available in Plastic DIP, CERDIP, 300 mil sidebraze THINDiP, 
LCC, PLCC and Flatpack 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7202A is a dual-port memory that utilizes a special First- 
In/First-Out algorithm that loads and empties data on a first-in/first- 
out basis. The device uses Full and Empty flags to prevent data 
overflow and underflow and expansion logic to allow for unlimited 
expansion capability in both word size and depth. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data is toggled in and out of the device through the use 
of the Write (W) and Read (R ) pins. The device has a read/write cy- 
cle time of 35ns (28.5MHz). 

The device utilizes a 9-bit wide data array to allow for control and 
parity bits at the user’s option. This feature is especially useful in 
data communications applications where it is necessary to use a 
parity bit for transmission/reception error checking. It also features 
a Retransmit ( RT) capability that allows for reset of the read pointer 
to its initial position when RT is pulsed low to allow for retransmis- 
sion from the beginning of data. A Half-Full Flag is available in the 
single device mode and width expansion modes. 

The IDT7202A is fabricated using IDT’s high-speed CEMOS 
technology. It is designed for those applications requiring asyn- 
chronous and simultaneous read/writes in multiprocessing and 
rate buffer applications. The 1024 x 9 organization of the IDT7202A 
allows a 1024 deep word structure without the need for expansion. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


PIN CONFIGURATIONS FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology. Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

"•bias 

Temperature 

Under Bias 

-55 to + 125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +155 

°c 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATI NGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of tine device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc - 

Military 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Moc 

Commercial 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High 

Voltage Commercial 

2.0 

- 

- 

V 

Mh 

Input High 

Voltage Military 

2.2 

- 

- 

V 

Yl (1> 

Input Low 

Voltage 

Commercial 
and Military 

- 

- 

0.8 

V 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: Vcc = 5.0V ±10%, T A = 0°C to +70°C; Military: V cc = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

IDT7202SA/LA 
COMMERCIAL 
t A = 25, 35ns 

IDT7202SA/LA 
MILITARY 
t A = 30, 40ns 

IDT7202SA/LA 
COMMERCIAL 
t A = 50, 65, 

80, 120ns 

IDT7202SA/LA 
MILITARY 
t A = 50, 65, 

80, 120ns 

UNIT 



MIN. 

TYP. 

MAX. 

MIN. TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


l U (1) 

Input Leakage Current 
(Any Input) 

-1 

- 

1 

-10 

10 

-1 

- 

1 

-10 

- 

10 

pA 

,11991 

Output Leakage Current 

-10 

- 

10 

-10 

10 

-10 

- 

10 

-10 

- 

10 

pA 

o< 

X 

Output Logic “1" Voltage 

Ioh = -2mA 

2.4 

- 

- 

2.4 

- 

2.4 

- 

- 

2.4 

- 

- 

V 

V OL 

Output Logic “0" Voltage 
lot = 8mA 

- 

- 

0.4 

- 

0.4 

- 

- 

0.4 

- 

- 

0.4 

D 

•cci (3) 

Active Power Supply Current 

- 

- 

125 

- 

140 

- 

50 

80 

- 

70 

100 

mA 

1 (3) 

'CC2 

Average Standby Current 
(R = W = RS = FL/RT = V, H 

- 

- 

15 

- 

20 

- 

5 

8 

- 

8 

15 

mA 

i a 

'CC3 \ L t 

Power Down Current 
(All Input = Vcc -0.2V) 

- 

- 

500 

- 

900 

- 

- 

500 

- 

- 

900 

pA 

•CC3(S ) <3) 

Power Down Current 
(All Input = Vcc -0.2V) 

- 

- 

5 

- 

9 

- 

- 

5 

- 

- 

9 

mA 


NOTES: 

1 . Measurements with 0.4 < VlN^Vfcc • 

2. R>V ih . 0.4<V OU T<Vfcc 

3. I cc measurements are made with outputs open. 





























































IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS 

(Commercial: Von =5V±10%,T A =0°C to +70°C; Military: V nn =5V±10%,T A = -55°Cto +125°C) 




COM’L 

MIL 

COM’L 

MIL 

MILITARY AND COMMERCIAL 


SYMBOL 

PARAMETER 

7202x25 

7202x30 

7202x35 

7202x40 

7202x50 

7202x65 

7202x80 

7202x120 

UNIT 



MIN. 

MAX. 

MIN. MAX. 

MIN. 

MAX. 

MIN. MAX. 

MIN. 

MAX. 

MIN. MAX. 

MIN. 

MAX. 

MIN. MAX. 


% 

Shift Frequency 

- 

28.5 

- 

25 

- 

22.2 

- 

20 

- 

15 

- 

12.5 

- 

10 

- 

7 


'rC 

Read Cycle Time 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 



Access Time 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

isa 

*RR 

Read Recovery Time 

10 


10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 


'rPW 

Read Pulse Width < 2 ) 

25 

- 

30 

: - 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


*RLZ 

Read Pulse Low to Data Bus 
at Low Z (3) 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

'WLZ 

Write Pulse Low to Data Bus 
at Low Z(3, 4) 

5 

If" 

5 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

tov 

Data Valid from Read Pulse High 

5 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


Irhz 

Read Pulse High to Data Bus 
at High ZP> 

- 

18 


20 

- 

20 

- 

25 

- 

30 

- 

30 

- 

30 

- 

35 


*WC 

Write Cycle Time 

35 

- 

40 

; - 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 


*WPW 

Write Pulse Width (2) 

25 


30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


*WR 

Write Recovery Time 

10 


10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 


'os 

Data Set-up Time 

15 

ill 

18 

1 - 

18 

- 

20 

- 

30 


30 

- 

40 

- 

40 

- 

HU 

'OH 

Data Hold Time 

0 


0 


0 

- 

0 

- 

5 

- 

10 

- 

10 

- 

10 

- 

|jg 

'rSC 

Reset Cycle Time 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 


'rS 

Reset Pulse Width (2) 

25 

-1 

30 

|- 

35 

- 

40 

- 

50 - 

65 

- 

80 


120 

- 

B2i 

'rss 

Reset Set-up Time 

25 

_ : 

30 


35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 

D 

l RSR 

Reset Recovery Time 

10 


10 

- 

10 

- 

10 

- 

15 

- 

15 

- 

20 

- 

20 

- 


*RTC 

Retransmit Cycle Time 

35 


40 


45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

- 


l RT 

Retransmit Pulse Width P) 

25 - 

30 

%- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


4 RTS 

Retransmit Set-up Time 

25 

- 

30 


35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


'RTR 

Retransmit Recovery Time 

10 

- 

10 

:! - 

10 

- 

10 

- 

15 

- 

15 

- 

20 


20 

- 

■a 

tEFL 

Reset to Empty Flag Low 

- 

35 

- 40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 


JhfH' 

‘FFH 

Reset to Half-Full 
and Full Flag High 

- 

35 


40 

- 

45 

- 

50 

- 

65 

- 

80 

B 

IH 

- 

140 

ns 

'ref 

Read Low to Empty Flag Low 

- 

25 

- 30 

- 

30 

- 

30 

- 

45 

- 

60 

- 

60 

- 

60 


'rff 

Read High to Full Flag High 

- 

25 

■ - 

30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 


'rpe 


25 


30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


*WEF 

Write High to Empty Flag High 

- 

25 


30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 


'wFF 

Write Low to Full Flag Low 

- 

25 

; - 

30 

- 

30 

- 

35 

- 

45 

- 

60 

- 

60 

- 

60 


'wHF 

Write Low to Half-Full Flag Low 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 

HI 

'rhf 

Read High to Half-Full Flag High 

- 

35 

- 

40 

- 

45 

- 

50 

- 

65 

- 

80 

- 

100 

- 

140 


'wPF 

Write Pulse Width after FF High 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

_ 

120 

- 


'xOL 

Read/Write to KO Low 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 


'XOH 

Read/Write to XO High 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 


tx. 

XI Pulse Width 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

65 

- 

80 

- 

120 

- 


'xiR 

XI Recovery Time 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

mm 

'xis 

XI Set-up Time 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 

15 

- 



NOTES: 

1 . Timings referenced as in AC Test Conditions. 

2. Pulse widths less than minimum value are not allowed. 


3. Values guaranteed by design, not currently tested. 

4. Only applies to read data flow-through mode. 

5. “x" in part rating indicates power rating (SA or LA). 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


CAPACITANCE (T A = +25° C, 1 = 1.0MHz) 


SYMBOL 

PARAMETERS 

| CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

£ 

ii 

z 

> 

8 

PF 

C OUT 

Output Capacitance 

i Vqut = 0V | 

8 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


TO 

OUTPUT 

PIN 



Figure 1. Output Load 

‘Includes jig and scope capacitances. 


SIGNAL DESCRIPTIONS 
INPUTS 

DATA IN (Do-Da) 

Data inputs for 9-bit wide data. 

CONTROLS 

RESET (RS) 

Reset is accomplished whenever the Reset (RS) input is taken 
to a low state. During reset, both internal read and write pointers are 
set to the first location. A reset is required after power up before a 
write operation_can take place. Both the Read Enable (R) and 
Write Enable (W) Inputs must be in the high state during the 
window shown in Figure 2, (i.e., t RS s before the rising edge of 
RS ) and should not change until t R sR after the rising edge of 
RS. Half-Full Flag (HF) will be reset to high after Reset (RS). 

WRITE ENABLE (W ) 

A write cycle is initiated on the falling edge of this input if the Full 
Flag (FF ) is not set. Data set-up and hold times must beadhered to 
with respect to the rising edge of the Write Enable (W). Data is 
stored in the RAM array sequentially and independently of any on- 
going read operation. 

Afterhalf of the memory is filled andat the failing edgeof the next 
write operation, the Half-Full Flag (HF) will be set to low and will 
remain set until the difference between the write pointer and read 
pointer is less than or equaljo one half of the total memory of the 
device. The Half-Full Flag (HF) is then reset by the rising edge of 
the read operation. 

To prevent data overflow, the Full Flag (FF ) will go low, inhibit- 
ing further write operations. Upon the completion of a valid read 
operation, the Full Flag (FF) will go high after t RR F, allowing a valid 
write to begin._When the FIFO is full, thejnternal write pointer is 
blocked from W, so external changes in W will not affect the FIFO 
when it is full. 

READ ENABLE (R) 

_ A read cycle is initiated on the falling edge of the Read Enable 
(R) provided the Empty Flag (EF) is not set. The data is accessed 
on a First-In/First-Out basis, independent of any ongoing write op- 
erations. After Read Enable (R) goes high, the Data Outputs 
(Qo-Qe) .will return to a high impedance condition until the next 
Read operation. When all the data has been read from the FI FO, the 
Empty Flag (EF) will go low, allowing the “final" read cycle but in- 
hibiting further read operations with the data outputs remaining in a 
high impedance state. Once a valid write operation has been ac- 
complished, the Empty Flag (EF ) will go high after twEF and a valid 
Read can then begin. When the FIFO is empty, the internal read 


pointer is blocked from R so external changes in R will not affect 
the FIFO when it is empty. 


FIRST LOAD/RETRANSMiT (FL/RT) 

This is a dual-purpose input. In the Depth Expansion Mode, this 
pin is grounded to indicate that it is the first loaded (see Operating 
Modes). In the Single Device Mode, this pin acts as the retransmit 
input. The Single Device Mode is initiated by grounding the Expan- 
sion In (XI). 

The IDT7202A can be made to retransmit data when the 
Retransmit Enable Control (RT) input is pulsed low. A retransmit 
operation will set the internal read pointer to the first location and 
wiN not affect the write pointer. Read Enable (R) and Write Enable 
(W) must be in the high state during retransmit. This feature is use- 
ful when less than 1024 writes are performed between resets. The 
retransmit feature is not compatible with the Depth Expansion 
Mode and will affect the Half-Full Flag (HF), depending on the rela- 
tive locations of the read and write pointers. 



EXPANSION IN (XI) 

This input is a dual-purpose pin. Expansion In (XI) is grounded 
to_ indicate an operation in the single device mode. Expansion In 
(XI ) is connected to Expansion Out (XO) of the previous device in 
the Depth Expansion or Daisy Chain Mode. 


OUTPUTS 

FULL FLAG (FF) 

The Full Flag (FF ) will go low, inhibiting further write operation, 
when the write pointer is one location from the read pointer, indicat- 
ingthat the device is full. If the read pointer is not moved after Reset 
(RS), the Full-flag (FF) will go low after 1024 writes. 

EMPTY FLAG (EF) 

The Empty Flag (EF) will go low, inhibiting further read opera- 
tions, when the read pointer is one location from the write pointer, 
indicating that the device is emptyjf the write pointer is not moved 
after Reset (RS), the Empty Flag (EF) will go low after 1024 reads. 
EXPANSION OUT/HALF-FULL FLAG (XO/HF) 

This is a dual-purpose output. In the single device mode, when 
Expansion In (XI) is grounded, this output acts as an indication of a 
half-full memory. 

After half of the memory is filled andat the falling edge of the next 
write operation, the Half-Full Flag (HF) will be set to low and will 
remain set until the difference between the write pointer and read 
pointer is less than or equaljo one half of the total memory of the 
device. The Half-Full Flag (HF) is then reset by the rising edge of 
the read operation. 

In the Depth Expansion Mode, Expansion In (XI) is connected to 
Expansion Out (XO) of the previous device. This output acts as a 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


signal to the next device in the Daisy Chain by providing a pulse to 
the next device when the previous device reaches the last location 
of memory. 


DATA OUTPUTS (Q 0 -Qs) 

Data outputs for 9-bit wide data. This data is in a high imped- 
ance condition whenever Read (R) is in a high state. 



NOTES: 

1. EF, FF and HF may change status during Reset, but flags will be valid att Rsc . 

2. W and R = V| H around the rising edge of RS. 

Figure 2. Reset 
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1DT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


HALF-FULL OR LESS 


MORE THAN 
HALF-FULL 


HALF-FULL OR LESS 


Figure 9. Half-Full Flag Timing 


WRITE TO 


LAST PHYSICAL j ■> 


LOCATION _ L 1 



READ FROM 


LAST PHYSICAL 

X 

LOCATION 


Figure 10. Expansion Out 


WRITE TO 
FIRST PHYSICAL 
LOCATION 


READ FROM 
FIRST PHYSICAL 
LOCATION 


Figure 11. Expansion In 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


OPERATING MODES grounded (see Figure 12). In this mode the Half-Full Flag (HF). 

which is an active low output, is shared with Expansion Out (XO). 

SINGLE DEVICE MODE 

A single IDT7202A may be used when the application require- 
ments are for 1024 words or less. The IDT7202A is in a Single De- 
vice Configuration when the Expansion In (XI) control input is 


(HALF-FULL FLAG) HF 




I _(R) READ 


CD 


(Q) / DATA our ) 


' i 

(EF) EMPTY FLAG 

1 

1 

(KT) RETRANSMIT 



EXPANSION IN 0fl) 



Figure 1 2. Block Diagram of Single 1 024 x 9 FIFO 


WIDTH EXPANSION MODE (EF.FF and HF ) can be detected from any one device. Figure 13 

Word width may be increased simply by connecting the corre- demonstrates an 18-bit word width by using two IDT7202AS. Any 

sponding input control signals of multiple devices. Status flags worcl width can be attained by adding additional IDT7202s. 



NOTE: 

1 . Flag detection is accomplished by monitoring the FF, EF and the HF signals on either (any) device used in the width expansion configuration. Do not 
connect any output control signals together. 


Figure 13. Block Diagram of 1024 x 18 FIFO Memory Used in Width Expansion Mode 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEPTH EXPANSION (DAISY CHAIN) MODE 

The IDT7202A can easily be adapted to applications where the 
requirements are for greater than 1024 words. Figure 14 demon- 
strates Depth Expansion using three IDT7202AS. Any depth can be 
attained by adding additional IDT7202AS. The IDT7202AS operate 
in the Depth Expansion configuration when the following condi- 
tions are met: 

1 . The first device must be designed by grounding the First Load 
(FL) control input. 

2. All other devices must have FL in the high state. 

3. The ExpansionOut (XO) pin of each device must be tied to the 
Expansion In (XI) pin of the next device. See Figure 14. 

4. External logic is needed to generate a composite Full FJag (FF ) 
and Empty Flag (EF). This requires the ORing of all EFs and 
ORingofall FFs(i.e.all must be set to generate the correct com- 
posite FF or EF). See Figure 14. 

5. The Retransmit (RT) function and Half-Full Flag (HF) are not 
available in the Depth Expansion Mode. 

For additional information refer to Tech Note 9: “Cascading 
FIFOs or FIFO Modules”. 

COMPOUND EXPANSION MODE 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO arrays 
(see Figure 15). 

BIDIRECTIONAL MODE 

Applications which require data buffering between two systems 
(each system capable of Read and Write operations) can be 
achieved by pairing IDT7202As as shown in Figure 16. Care must 
be taken to assure that the appropriate flag is monitored by each 


system (i.e., FF is monitored onjthe device where W is used; EF is 
monitored on the device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 

DATA FLOW-THROUGH MODES 

Two types of flow-through modes are permitted: a read flow- 
through and write flow-through mode. For the read flow-through 
mode (Figure 17), the FIFO permits the reading of a single word 
after writing one word of data into an empty FIFO. The data is en- 
abled on the bus in (twEF + tA)ns after the rising edge of W, called 
the first write edge, and it remains on the bus until the R line is 
raised from low-to-high, after which the bus would go into a three- 
state mode after tRHz ns. The EF line would have a pulse showing 
temporary de-assertion and then would be asserted. In the interval 
of time that R is low, more words can be written to the FIFO (the 
subsequent writes after the first write edge will de-assert the Empty 
Flag); however, the same word (written on the first write edge) pre- 
sented to the output bus as the read pointer, would not be incre- 
mented when R was low. On toggling R , the other words that are 
written to the FIFO will appear on the output bus as in the read cycle 
timings. 

Inthe write flow-through mode (Figure 18), the FIFO permits the 
writing of a single word of data immediately after reading one word 
of datafromafull FIFO.TheR line causes the FF to be de-asserted 
but the W line, being low, causes it to be assertedagain in anticipa- 
tion of a new data word._On the rising edge of W, the new word is 
loaded in the FIFO. The W line must be toggled when FF is not as- 
serted to write new data in the FIFO and to increment the write 
pointer. 

For additional information refer to Tech Note 8: “Operating 
FIFOs on Full and Empty Boundary Conditions” and Tech Note 6: 
“Designing with FIFOs”. 


TABLE I- RESET AND RETRANSMIT — 

SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


MODE 

[ INPUTS 

j INTERNAL STATUS ! 

OUTPUTS | 

RS 

RT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

mm 

Reset 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

i 

Retransmit 

1 

0 

0 

Location Zero 

Unchanged 

X 

X 

X 

Read/Write 

1 

1 

0 

Incremental 

Increment! 1 * 

X 

X 

X 


NOTES: 

1 . Pointer will increment if flag is high. 


TABLE II -RESET AND FIRST LOAD TRUTH TABLE - 


DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Reset First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

Reset All Other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

(1) 

X 

X 

X 

X 


NOTES: 

1. XMs connected to XO of previous device. See Figure 14. 

RS = Reset Input FL/RT = First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = Expansion Input, HF = Half-Full Flag Output. 





































































IDT7202SA/LA CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 1 4. Block Diagram of 3072x9 FIFO Memory (Depth Expansion) 



NOTES: 

1 . For depth expansion block see section on Depth Expansion and Figure 14. 

2. For Flag detection see section on Width Expansion and Figure 13. 

Figure 15. Compound FIFO Expansion 
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IDT7202SA/LA CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 1024 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 18. Write Data Flow-Through Mode 


ORDERING INFORMATION 


xxxx 

Device Type 


A A 

Package Process/ 

| Temperature 

Range 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


Plastic Dip 
CERDIP 

Sidebraze THINDIP 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 
Flatpack 


25 

Commercial Only 

30 

Military Only 

35 

Commercial Only 

40 

Military Only 

50 


65 


80 


120 


SA 

Standard Power 

LA 

Low Power 

7202 

1024 x 9-Bit FIFO 


Access Time (t A ) 

Speed in Nanoseconds 
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Integrated Device Technology. Inc. 


1KX9-BIT CMOS PARALLEL 

ADVANCE 

FIFO WITH FLAGS 

INFORMATION 

IDT72021 


FEATURES: 

• First-In/First-Out (FIFO) dual-port memory 

• 1Kx9-bit organization 

• Ultra-high-speed: 25ns access time, 35ns cycle time (28.5MHz) 

• Fully expandable in word depth and/or width 

• Asynchronous and simultaneous read and write 

• Functionally equivalent to the IDT7202 but with Output Enable 
and Almost-Empty/Full Flag 

• Four status flags: Full, Empty, Half-Full (single device mode) 
and Almost-Empty/Full (1/8 or 7/8) signal on 0, 128, 512, 896 
and 1024-byte boundaries 

• Output Enable controls the data output port 

• Auto-retransmit capability 

• Master/Slave multiprocesssing applications 

• Video frame buffer or laser printer buffer applications 

• Available in 32-pin DIP and surface mount 32-pin LCC and 
PLCC 

• Military product compliant to MIL-STD-883, Class B 


PIN CONFIGURATIONS FUNCTIONAL BLOCK DIAGRAM 


DATA INPUTS 



DESCRIPTION: 

The IDT72021 is a dual-port memory that utilizes a special First- 
In/First-Out algorithm that loads and empties data on a first-in/first- 
out basis. The device has Full, Empty, Half-Full and Almost- 
Empty/Full flags to prevent data overflow or underflow. Expansion 
logic allows wider and/or deeper FIFOs to be created using multi- 
ple devices without external logic. 

The reads and writes are internally sequential through the use 
of ring pointers, with no address information required to load and 
unload data. Data is toggledjn and out of the device through the 
use of Write ( W) and Read ( R ) pins. The device has a read/write 
access time of 25ns and a read/write cycle time of 35ns (28.5MHz). 
The IDT72021 can perform asynchronous and simultaneous read 
and write operations. 

The IDT72021 utilizes a 9-bit wide dual-port RAM array to allow 
for zero fall-through time and to allow the user to store tag or parity 
bits. This 9-bit feature is useful in data communications applica- 
tions where transmission/reception error checking is necessary. It 
also features a Retransmit ( RT) capability that allows for reset of 
the read pointer to its initial position, when RT is pulsed low, to al- 
low for retransmission of data from the beginning. Four status flags 
prevent the overflow or underflow of the FIFO and permit interrupt 
signals to be sent to the transmitting data source. 

The IDT72021 is fabricated using IDT’s high-performance 
CEMOS™ technology, which combines high speed and low 
power consumption. Military grade product is manufactured in 
compliance with the latest revision of MIL-STD-883, Class B, for 
high reliability systems. 





© 1987 Integrated Device Technology, Inc. 
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CMOS PARALLEL 

IDT7203S/L 

FIRST-IN/FIRST-OUT FIFO 

IDT7204S/L 

2048 x 9-BIT & 4096 x 9-BIT 



FEATURES: 

• First-In/First-Out dual-port memory 

• 2048 x 9 organization (IDT7203) 

• 4096 x 9 organization (IDT7204) 

• Low power consumption 
— Active: 660mW (max.) 

— Power down: 66mW (max.) 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Pin and functionally compatible with IDT7201A/7202A 

• IDT7204 allows 4096 word structure without expansion 

• Half-Full Flag capability in single device mode 

• Master/Slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and full warning flags 

• Auto retransmit capability 

• High-performance CEMOS ™ technology 

• Available in CERDIP, Plastic DIP, PLCC and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7203/7204 are dual-port memories that utilize a special 
First-In/First-Out algorithm that loads and empties data on a first- 
in/first-out basis. The device uses Full and Empty flags to prevent 
data overflow and underflow and expansion logic to allow for un- 
limited expansion capability in both word size and depth. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data Is toggled in and out of the device through the use 
of tlpe Write (W) and Read (R) pins. The device has a read/write cy- 
cle time of 45ns (22.2MHz). 

The device utilizes a 9-bit wide data array to allow for control and 
parity bits at the user’s option. This feature is especially useful in 
data communications applications where it is necessary to use a 
parity bit for transmission/reception error checking. It also features 
a Retransmit (RT) capability that allows for reset of the read pointer 
to its initial position when RT is pulsed low to allow for retransmis- 
sion from the beginning of data. A Half-Full Flag is available in the 
single device mode and width expansion modes. 

The IDT7203/7204 is fabricated using IDT’s high-speed 
CEMOS technology. They are designed for those applications 
requiring asynchronous and simultaneous read/writes in 
multiprocessing and rate buffer applications. The 4096 x 9 organi- 
zation for the IDT7204 allows a 4096 deep word structure without 
the need for expansion. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 



TOP VIEW 


W- 

D e 

D 7 

NC 

FORT 

E5 

EF 

X07HF 

°7 

q 6 


WRITE 

CONTROL 


READ 

CONTROL 


DATA OUTPUTS 

(Do-Da) 


WRITE 

POINTER 


n 


eSii 


RAM i jt n ,_ Ar , 
ARRAY V~ READ 
2048 x 9 hr POINTER 
4096 x 9 


■Lif U .llly U 


2048/4096| 

THREE- 

STATE I i—i 
BUFFERS "O 

DATA OUTPUTS 

(Q 0 -o 8 ) 


FLAG 

LOGIC 


XI- 


EXPANSION 

LOGIC 


RESET 

LOGIC 


3 


■EF 

■FF 


FORT — 1 


X57HF 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7203/IDT7204 CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 2048 x 9-BIT & 4096 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 



RATING 

COMMERCIAL 

MILITARY 

UEUd 


Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

■ 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

B 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +155 

El 

EM 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V CCM 

Military Supply 
Voltage 

o 

5.0 

5.5 

B! 

V CCC 

Commercial 

Supply Voltage 

m 

5.0 

5.5 

D 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 
Commercial 

2.0 

- 

- 

B 

V,H 

Input High Voltage 
Military 

2.2 

- 

- 

V 

V IU (1) 

Input Low Voltage 
Commercial & 

Military 

- 

- 

0.8 

V 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: Vcc= 5 V ± 10%. T A = 0°C to + 70°C; Military: V cc = 5V ± 10%, IX = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

tA 

MIN. 

IDT7203S/L 
IDT7204S/L 
COMMERCIAL 
= 50, 65, 80, 120ns 

TYP. MAX. 

tA = 

MIN. 

IDT7203S/L 

IDT7204S/L 

MILITARY 

50, 65, 80, 120ns 

TYP. MAX. 

UNIT 

IilO) 

Input Leakage Current (Any Input) 

-1 

- 

1 

-10 

- 

10 

M-A 

'ol< 2 > 

Output Leakage Current 

-10 

- 

10 

-10 

- 

10 

M-A 

o< 

I 

Output Logic ‘1 “ Voltage I 0 ut = -2mA 

2.4 

- 

- 

2.4 

- 

- 

V 

V OL 

Output Logic “0" Voltage l 0Ln - = 8mA 

- 

- 

0.4 

- 

- 

0.4 

V 

icCt ( 3 ) 

Average Vcc Power Supply Current 

- 

75 

120 


100 

150 

mA 

lcC2 (3) 

Average Standby Current 
(R = W = RST = FL/RT = V, H ) 

- 

8 

12 

- 

12 

25 

mA 

Icc3 (L) (3) 

Power Down Current 
(All Input = V cc -0.2V) 

- 

- 

2 


- 

4 

mA 

ICC3(S) (3 > 

Power Down Current 
(All Input = V cc -0.2V) 

- 

- 

8 

- 

- 

12 

mA 


NOTES: 

1 . Measurements with 0.4 < V IN < V 0UT . 

2. R >Vih, 0.4 < Vour - Vcc- 

3. I cc measurements are made with outputs open. 
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I DT7203/I DT7204 CMOS PARALLEL 

FIRST-IN/FIRST-OUT FIFO 2048 x 9-BIT & 4096 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS « 

(Commercial: V cc = 5V ± 10%, T A = 0°C to +70°C; Military: V cc = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

7203S/L50 

7204S/L50 

MIN. MAX. 

7203S/L65 

7204S/L65 

MIN. MAX. 

7203S/L80 

7204S/L80 

MIN. MAX. 

7203S/L120 
7204S/L120 
MIN. MAX. 

UNIT 

u 

Shift Frequency 

- 

15 

- 

12.5 

- 

10 

7 

MHz 

*RC 

Read Cycle Time 

65 

- 

80 

- 

100 

- 

140 

- 

ns 

t A 

Access Time 

- 

50 

- 

65 

- 

80 

- 

120 

ns 

*RR 

Read Recovery Time 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

*RPW 

Read Pulse Width < 2 > 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

*RL2 

Read Pulse Low to Data Bus at 

Low Z (3) 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

l WL2 

Write Pulse Low to Data Bus at 

Low Z P. 4) 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

l DV 

Data Valid from Read Pulse High 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l RHZ 

Read Pulse High to Data Bus at 

High Z (3) 

- 

30 

- 

30 

- 

30 

- 

35 

ns 

l wc 

Write Cycle Time 

65 

- 

80 

- 

100 

- 

140 

- 

ns 

t W pw 

Write Pulse Width < 2 ) 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

l WR 

Write Recovery Time 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

*DS 

Data Set-up Time 

30 

- 

30 

- 

40 

- 

40 

- 

ns 

'dh 

Data Hold Time 

5 

- 

10 

- 

10 

- 

10 

- 

ns 

l RSC 

Reset Cycle Time 

65 

- 

80 

- 

100 

- 

140 

- 

ns 

l RS 

Reset Pulse Width (2) 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

l RSS 

Reset Set-up Time 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

l RSR 

Reset Recovery Time 

15 

- 

15 

- 

20 


20 

- 

ns 

*RTC 

Retransmit Cycle Time 

65 

- 

80 

- 

100 

- 

140 

- 

ns 

tRT 

Retransmit Pulse Width (2) 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

*RTS 

Retransmit Set-up Time 

50 

- 

65 

- 

80 


120 

- 

ns 

Irtr 

Retransmit Recovery Time 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

»EFL 

Reset to Empty Flag Low 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

^HFH, *FFH 

Reset to Half-Full and Full 

Flag High 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

l REF 

Read Low to Empty Flag Low 

- 

45 

- 

60 

- 

60 

- 

60 

ns 

*RFF 

Read High to Full Flag High 

- 

45 

- 

60 

- 

60 

- 

60 

ns 

l RPE 

Read Pulse Width after EF High 

50 

_ 

65 

- 

80 

- 

120 


ns 

*WEF 

Write High to Empty Flag High 

- 

45 

- 

60 

- 

60 

- 

60 

ns 

l WFF 

Write Low to Full Flag Low 

- 

45 

- 

60 

- 

60 

- 

60 

ns 

l WHF 

Write Low to Half-Full Flag Low 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

Irhf 

Read High to Half-Full Flag Low 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

Wf 

Write Pulse Width after FF High 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

*XOL 

Read/Write to XO Low 

- 

50 

- 

65 

- 

80 

- 

120 

ns 

*XOH 

Read/Write to XO High 

- 

50 

- 

65 

- 

80 

- 

120 

ns 

txi 

Xi Pulse Width 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

*XIR 

XI Recovery Time 

10 

- 

10 

- 

10 

- 

110 

- 

ns 

*XIS 

XI Set-up Time 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


NOTES: 

1 . Timings referenced as in AC Test Conditions. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design, not currently tested. 

4. Only applies to read dataflow-through mode. 
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IDT7203/IDT7204 CMOS PARALLEL 
FIRST-IN/FIRST-OUT FIFO 2048 x 9-BIT & 4096 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


CAPACITANCE (T a = +25° c, f = i.omhz)(d 


SYMBOL 

ITEM 

CONDITIONS 

MAX. 

UNIT 

c in< 3 > 

Input Capacitance 

v 1N =ov 

8 

PF 

CqUT I 2 ’ 3 > 

Output Capacitance 

^OUT= 0V 

12 

PF 


NOTES: 

1 . This parameter is sampled and not 100% tested. 

2. With output deselected. 

3. Characterized values, not currently tested. 


D.U.T — 
6800 



Figure 1. Output Load 

‘Includes jig and scope capacitances. 


SIGNAL DESCRIPTIONS: 

INPUTS: 

DATA IN (Do- D 8 ) 

Data inputs for 9-bit wide data. 

CONTROLS: 

RESET (RS) 

Reset is accomplished whenever the Reset (RS) input is taken to 
a low state. During reset, both internal read and write pointers are 
set to the first location. A reset is required after power up before a 
write operation j^an take place. Both the Read Enable (R) and 
Write Enable (W) inputs must be in the high state during the 
window shown in Figure 2 (i.e. tRss before the rising edge of 
RS ) and should not change until tRSR after the rising edge of 
RS. Half-Full Flag (HF) will be reset to high after master Reset 
(RS) - 

WRITE ENABLE (W) 

A write cycle is initiated on the falling edge of this input if the Full 
Flag (FF) is not set. Data set-up and hold times must be_adhered to 
with respect to the rising edge of the Write Enable (W). Data is 
stored in the RAM array sequentially and independently of any on- 
going read operation. 

After half of the memory is filled, and at the falling edge of the 
next write operation, the Half-Full Flag (HF) will be set to low and 
will remain set until the difference between the write pointer and 
read pointer is less than or equal to one half of the total memory of 
the device. The Half-Full Flag ( HF) is then reset by the rising edge 
of the read operation. 

To prevent data overflow, the Full Flag ( FF) will go low, inhibiting 
further write operations. Upon the completion of a val id read opera- 
tion, the Full Flag (FF) will go high after tRFF, allowing a valid write to 
begir\_When the FIFO is full, the_ internal write pointer is blocked 
from W, so external changes in W will not affect the FIFO when it is 
full. 

READ ENABLE (R) 

_ A read cycle is initiated on the falling edge of the Read Enable 
(R) provided the Empty Flag (EF) is not set. The data is accessed 
on a First-In/First-Out basis independent of any ongoing write 
operations. After Read Enable (R) goes high, the Data Outputs (Qo 
through Qa) will return to a high impedance condition until the next 
Read operation. When all the data has been read from the FI FO, the 


Empty Flag (EF) will go low, allowing the “final” read cycle but in- 
hibiting further read operations, with the data outputs remaining in 
a high impedance state. Once a valid write operation has been ac- 
complished, the Empty Flag (EF) will go high after twEF and a valid 
Read can then begin. When the FIFO is empty, the internal read 
pointer is blocked from R so external changes will not affect the 
FIFO when it is empty. 

FIRST LOAD/RETRANSMIT (FL/RT) 

This is a dual-purpose input. In the Depth Expansion Mode, this 
pin is grounded to indicate that it is the first device loaded (see 
Operating Modes). In the Single Device Mode, this pin acts as the 
retransmit input. The Single Device Mode is initiated by grounding 
the Expansion In (XI). 

The IDT7203/7204 can be_made to retransmit data when the 
Retransmit Enable ControL (RT) input is pulsed low. A retransmit 
operation will set the internal read pointer to tine first location and 
will not affect the write pointer. Read Enable (R) and Write Enable 
(W) must be in the high state during retransmit. This feature is use- 
ful when less than 2048/4096 writes are performed between resets. 
The retransmit feature is not compatible with the Depth Expansion 
Mode and will affect the Half-Full Flag ( HF) depending on the rela- 
tive locations of the read and write pointers. 

EXPANSION IN (jfi) 

This input is a dual-purpose pin. Expansion In (XI) is grounded 
tojndicate an operation in the single device mode. Expansion In 
(XI) is connected to Expansion Out (XO) of the previous device in 
the Depth Expansion or Daisy Chain Mode. 

OUTPUTS: 

FULL FLAG (FF) 

The Full Flag (FF) will go low, inhibiting further write operation, 
when the write pointer is one location from the read pointer, indicat- 
ing that the device isfull. If the read pointer is not moved after Reset 
(RS), the Full Flag (FF) will go low after 2048 writes for the IDT7203 
and 4096 writes for the IDT7204. 

EMPTY FLAG (EF) 

The Empty Flag (EF) will go low, inhibiting further read opera- 
tions, when the read pointer is one location from the write pointer, 
indicating that the device is empty. If the write pointer is not moved 
after reset (RS), the Empty Flag (EF) will go low after 2048 reads for 
the IDT7203 and 4096 reads for the 1DT7204. 
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In the Depth Expansion Mode, Expansion In (XI) is connected to 
Expansion Out (XO) of the previous device. This output acts as a 
signal to the next device in the Daisy Chain by providing a pulse to 
the next device when the previous device reaches the last location 
of memory. 

DATA OUTPUTS (Q 0 - Qa) 

Qo - Os are data outputs for 9-bit wide dataJTiese output are in 
a high impedance condition whenever Read (R) is in a high state. 



NOTES: 

1 . EF, FF and HF may change status during Reset, but flags will be valid at t RSC . 

2. W and R = V| H around the rising edge of R5. 

Figure 2. Reset 


EXPANSION OUT/HALF FULL FLAG (XO/HF) 

This is a duaf-purpose output. In the single device mode, when 
Expansion In (XI ) is grounded, this output acts as an indication of a 
haif-full memory. 

After half of the memory is filled, and at the falling edge of the 
next write operation, the Half-Full Flag (HF) will be set to low and 
will remain set until the difference between the write pointer and 
read pointer is less than or equal to one half of the total memory of 
the device. The Half-Full Flag ( HF) is then reset by the rising edge 
of the read operation. 
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DATA OUT VALID 


DATA OUT VALID 



DATA IN VALID 


Figure 3. Asynchronous Write and Read Operation 


DATA IN VALID 


LAST WRITE IGNORED 
WRITE 


FIRST READ ADDITIONAL FIRST WRITE 

READS 


Figure 4. Full Flag From Last Write to First Read 


LAST READ IGNORED FIRST WRITE ADDITIONAL FIRST READ 

READ WRITES 


Figure 5. Empty Flag From Last Read to First Write 
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OPERATING MODES: 

SINGLE DEVICE MODE 

A single IDT7203/7204 may be used when the application re- 
quirements are for 2048/4096 words or less. The IDT7203/7204 are 


in a Single Device Configuration when the Expansion In (XI) con- 
trol input is grounded (see Figure 10). in this mode, the Half-Full 
Flag (HF), which is an active low output, is shared with Expansion 
Out (XO). 


(HALF-FULL FLAG) HF 


i 




g (H) READ 


7 \ 


(Q) /DATA OUt\ 


/ / 

(EF) EMPTY FLAG 

ISIHESHI 


(ET) RETRANSMIT 



EXPANSION IN (XI) 



Figure 12. Block Diagram of Single 2048 x 9/4096 x 9 FIFO 


WIDTH EXPANSION MODE 

Word width may be increased simply by connecting the corre- 
sponding input control signals of multiple devices. Status flags 
(EF, FF and HF) can be detected from any one device. Figure 13 


demonstrates an 18-bit word width by using two IDT7203/7204S. 
Any word width can be attained by adding additional 
IDT7203/7204S. 



NOTE: 

Flag detection is accomplished by monitoring the FF7 EF and HF signals on either (any) device used in the width expansion configuration. Do not connect any 
output control signals together. 

Figure 13. Block Diagram of 2048 x 18/4096 x 18 FIFO Memory Used In Width Expansion Mode 
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DEPTH EXPANSION (DAISY CHAIN) MODE 

The IDT7203/7204 can easily be adapted to applications when 
the requirements are for greater than 2048/4906 words. Figure 14 
demonstrates Depth Expansion using three IDT7203/7204S. Any 
depth can be attained by adding additional IDT7203/7204. The 
IDT7203/7204 operates in the Depth Expansion configuration 
when the following conditions are met: 

1 . The first device must be designated by grounding the First Load 
(FL) control input. 

2. All other devices must have FL in the high state. 

3. The ExpansionOut (XO) pin of each device must be tied to the 
Expansion In (XI) pin of the next device. See Figure 14. 

4. External logic is needed to generate a composite Full Flag (FF) 
and Empty Flag (EF). This requires the ORing of all EFs and 
ORing ofall F_Fs (i.e. all must be set to generate the correct com- 
posite FF or EF). See Figure 14. 

5. The Retransmit (RT) function and Half-Full Flag (HF) are not 
available in the Depth Expansion Mode. 

For additional information, refer to Tech Note 9: “Cascading 
FIFOs or FIFO Modules”. 

COMPOUND EXPANSION MODE 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO arrays 
(see Figure 15). 

BIDIRECTIONAL MODE 

Applications which require data buffering between two systems 
(each system capable of Read and Write operations) can be 
achieved by pairing IDT7203/7204s as shown in Figure 16. Care 


must be taken to assure that the appropriate flag is monitored by 
each systems (i.e. FF is monitored on the device where W is used; 
EF is monitored on the device where R is used). Both Depth Ex- 
pansion and Width Expansion may be used in this mode. 

DATA FLOW-THROUGH MODES 

Two types of flow-through modes are permitted, a read flow- 
through and write flow-through mode. For the read flow-through 
mode (Figure 17), the FIFO permits a reading of a single word after 
writing one word of data into an empty FIFO. The_data is enabled 
on the bus in (twEF + t A ) nsaftertherisingedgeofW.calledthefirst 
write edge, and it remains on the bus until the R line is raised from 
low-to-high, after which the bus would go into a three-state mode 
after tRHz ns. The EF line would have a pulse showing temporary 
deassertion and then would be asserted. In the interval of time that 
R was low, more words can be written to the FIFO (the subsequent 
writes after the first write edge will deassert the empty flag); how- 
ever, the same word (written on the first write edge), presented to 
the output bus as the read pointer, would not be incremented when 
R is low. On toggling R, the other words that were written to the 
FIFO will appear on the output bus as in the read cycle timings. 

In the write flow-through mode (Figure 18), the FIFO permits the 
writing of a single word of data immediately after reading one word 
of data from a full FIFO. The R line causes the FF to be deasserted 
but the W line being low causes it to be asserted_again in anticipa- 
tion of a new data word.jOn the rising edge of W, the new word is 
loaded in the FIFO. The W line must be toggled when FF is not as- 
serted to write new data in the FIFO and to increment the write 
pointer. 

For additional information, refer to Tech Note 8: “Operating 
FIFOs on Full and Empty Boundary Conditions” and Tech Note 6: 
“Designing with FIFOs”. 


TRUTH TABLES 

TABLE I -RESET AND RETRANSMIT — 


SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

RT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

HF 

Reset 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

Retransmit 

1 

0 

0 

Location Zero 

Unchanged 

X 

X 

X 

Read/Write 

1 

1 

0 

Increment (i) 

Increment(i) 

X 

X 

X 


NOTE: 

1 . Pointer will increment if flag is high. 


TABLE II -RESET AND FIRST LOAD TRUTH TABLE - 


DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Reset First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

Reset all Other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

(1) 

X 

X 

X 

X 


NOTE: 


1. XI is connected to XO of previous device. See Figure 12. 

RS = Reset Input, FL/RT = First Load/Retransmit. EF = Empty Flag Output, FF = Full Flag Output, XF = Expansion Input, HF = Half-Full Flag Output 
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Figure 14. Block Diagram of 6,144 x 9/12,288 x 9 FIFO Memory (Depth Expansion) 





NOTES: 

1. For depth expansion block see section on Depth Expansion and Figure 14. 

2. For Flag detection see section on Width Expansion and Figure 13. 

Figure 15. Compound FIFO Expansion 
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P *WFF *] 

*► 



Figure 18. Write Data Flow-Through Mode 


ORDERING INFORMATION 


XXXX A 999 A A 

Device Type Power Speed Package Process/ 

I III Temperature 

Range 



Blank 

Commercial (0°Cto +70°C) 

B 

Military (-55°C to +125°C) 


Compliant to MIL-STD-883, ( 

P 

Plastic DIP 

D 

CERDIP 

J 

Plastic Leaded Chip Carrier 

L 

Leadless Chip Carrier 

50 


65 

Access Time (t A ) 

80 

Speed in Nanoseconds 

120 

J 

S 

Standard Power 

L 

Low Power 

7203 

2045 x 9-Bit FIFO 

7204 

4096 x 9-Bit FIFO 
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4Kx 9-BIT CMOS 
PARALLEL FIFO 
WITH FLAGS 


ADVANCE 

INFORMATION 

IDT72041 


FEATURES: 


DESCRIPTION: 


• First-In/First-Out (FIFO) dual-port memory 

• 4K x 9-bit organization 

• Ultra high speed: 35ns access time, 45ns cycle time (22MHz) 

• Fully expandable by both word depth and/or bit width 

• Asynchronous and simultaneous read and write 

• Functionally equivalent to the IDT7204 but with Output Enable 
and Almost-Empty/Full Rag 

• Four status flags: Full, Empty, Half-Full (single device mode) 
and Almost-Empty/Full (1/8 or 7/8) signal on 0,512,2048,3584, 
and 4096-byte boundaries 

• Output Enable controls the data output port 

• Auto retransmit capability 

• Master/Slave multiprocessing applications 

• Video frame bdffer or laser printer buffer applications 

• Available in 32-pin DIP and surface mount 32-pin LCC and 
PLCC 

• Military product compliant to MIL-STD-883, Class B 


ThelDT72041 is a dual-port memory that utilizes a special First- 
In/First-Out algorithm that loads and empties data on a first-in/ 
first-out basis. The device has Full, Empty, Half-Full and Almost- 
Empty/Full flags to prevent data overflow or underflow. Expansion 
logic allows wider and/or deeper FIFOs to be created using multi- 
ple devices, without external logic. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data is toggled jn and out of the device through the use 
of the Write (W) and Read (R) pins. The device has a read/write ac- 
cess time of 35ns and a read/write cycle time of 45ns (22MHz). The 
IDT72041 can perform asynchronous and simultaneous read and 
write operations. 

The IDT72041 utilizes a 9-bit wide dual-port RAM array to allow 
for zero fall-through time and to allow the user to store tag or parity 
bits. This 9-bit feature is useful in data communications applica- 
tions where transmission/reception error checking is necessary. It 
also features a Retransmit (RT) capability that allows for reset of 
the read pointer to its initial position, when RT is pulsed low, to al- 
low for retransmission of data from the beginning. Four status flags 
prevent the overflow or underflow of the FIFO and permit interrupt 
signals to be sent to the transmitting data source. 

The IDT72041 is fabricated using IDT’s high-performance 
CEMOS™ technology, which combines high speed and low 
power consumption. Military grade product is manufactured in 
compliance with the latest revision of MIL-STD-883, Class B, for 
high-reliability systems. 



PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 



DIP 

TOP VIEW 


CEMOS is a trademark of Integrated Device Technology, Inc. 


DATA OUTPUTS 


(D 0 -D 8 ) 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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FEATURES: 

• First-In/First-Out dual-port memory 

• 8K x 9-bit organization 

• Low power consumption 

• Ultra high speed: 65ns cycle time 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Pin-compatible with I DT7200/0 1/02/03/04 FIFO family 

• Half-Full Flag capability in single device mode 

• MASTER/SLAVE multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and Full warning flags 

• Auto retransmit capability 

• High-performance submicron CEMOS ™ technology 

• Available in 28-pin plastic DIP, CERDIP and 32-pin surface 
mount LCC and PLCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7205 is a dual-port memory that utilizes a special First- 
In/First-Out algorithm that loads and empties data on a first-in/first- 
out basis. The device uses Full and Empty flags to prevent data 
overflow and underflow and expansion logic to allow for unlimited 
expansion capability in both word size and depth. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Datajs toggled in and out of the device through the use 
of the WRITE (W) and READ (R) pins. The device has a read/write 
cycle time of 65ns (15MHz). 

The device uti I izes a 9-bit wide data array to al low for control and 
parity bits at the user’s option. This feature is especially useful in 
data communications applications where it is necessary to use a 
parity bit for transmission/reception error checking. It also features 
a RETRANSMIT (RT) capability that allows for reset of the read 
pointer to its initial position, when RT is pulsed low, to allow for 
retransmission from the beginning of data. A Half-Full Flag is avail- 
able in the single device mode and width expansion modes. 

The IDT7205 is fabricated using IDT’s high-speed CEMOS sub- 
micron technology, it is designed for those applications requiring 
asynchronous and simultaneous read/writes in multiprocessing 
and rate buffer applications. The 8K x 9 organization allows a 8196 
deep word structure without the need for expansion. 

Military grade product is manufactured In compliance with the 
latest revision of MIL-STD-883, Class B. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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CMOS PARALLEL-SERIAL 

IDT72103 

FIFO 2048 x 9-BIT 

IDT72104 

& 4096 x 9-BIT 



FEATURES: 


DESCRIPTION: 


• 50ns parallel port access time 

• 40MHz serial input/output port frequency 

• Serial-to-Parallel, Parallel-to-Serial, Serial-to-Serial and 
Parallel-to-Parallel operations 

• Easily expandable in depth and width 

• Programmable wordlengths from 4 bits to any bit width using 
Flexishift ™ for serial operations without using any additional 
components 

• Multiple status flags: Full, Almost-Full (1/8 from full), Full-Minus- 
One, Empty, Almost-Empty (1/8 from empty), Empty-Plus-One 
and Half-Full 

• Asynchronous and simultaneous read and write operations 

• Dual-ported zero fall-through time architecture 

• Output enable control provided for parallel output port 

• Retransmit capability in single device mode 

• High-performance CEMOS ™ technology 

• Available in 40-pin ceramic and plastic DIP, 44-pin LCC and 
J-Leaded PLCC 

• Military product compliant to MIL-STD-883, Class B 

APPLICATIONS: 

• High-Speed Data Acquisition Systems 

• Local Area Network Buffers 

• Remote Telemetry Buffers 

• Serial Link Buffers 

• High-Speed Parallel Bus-to-Bus Serial Communications 

• Magnetic Media Controllers 

• Single Chip Video Frame Buffers 

• FAX/Printer Buffers 


The I DT72 103/72 104 are high-speed Parallel-Serial FIFOs that 
are ideally suited for serial communications, high-density media 
storage and local area networks. 

The devices have four ports: two 9-bit parallel ports and the 
other two for serial input and serial output. A variety of operations 
can be performed: Serial-to-Parallel, Parallel-to-Serial, Serial-to- 
Serial and Parallel-to-Parallel. The Parallel-Serial FIFOs can ex- 
pand in depth or width for any of these modes. 

A unique feature that enhances the bandwidth is the handling of 
serial wordlengths that are not a multiple of 9. The IDT72103/721 04 
can be configured to handle serial wordlengths from 4 bits to words 
of any length using multiple devices. This feature is provided with- 
out using any additional ICs. For example, a user can configure a 
4K x 24 FIFO by using three devices to generate internal incre- 
ments to the read/write pointers every 24 cycles. 

A number of flags are provided to monitor the status of the FIFO. 
These include Full, Almost-Full (when the FIFO is more than 7/8 
full), Full-Minus-One (when the FIFO has one orzero locations left), 
Empty, Almost-Empty (when the FIFO is less than 1/8 full), Empty- 
Plus-One (when there is only one or zero samples left in the FIFO) 
and Half-Full. 

Read and Write controls are provided to permit asynchronous 
and simultaneous operations. An Output Enable control is pro- 
vided on the parallel output port. Expansion control pins XO and 
XI are provided to allow cascading for deeper FIFOs. 

The IDT72103/72104 are manufactured using IDT’s CEMOS 
technology. Military grade product is manufactured in compliance 
with the latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 


six 

SERIAL INPUT 

ST /PI 
SO/PO 


W 


SICP 


DATA INPUTS 
(D 0 -D 8 ) 


SERIAL INPUT 
CIRCUITRY 


SERIAL/PARALLEL 

CONTROL 


WRITE 

POINTER 


KL 


RS 

FC/KT 

XT 


RESET 

LOGIC 


EXPANSION 

LOGIC 


XO 


RAM 
ARRAY 
2048 x 9 
4096 x 9 


rS 


FLAG 

LOGIC 


READ 

POINTER 


FULL-1' 

EMPTY +'f 
EMPTY /FULL 
ALMOST-EMPTY/FULL 
HALF-FULL 


SOCP 


SERIAL OUTPUT 
CIRCUITRY 


SOX 

SERIAL OUTPUT 


OUTPUT ENABLE DATA OUTPUTS 
(OF) (O 0 -O 8 ) 


CEMOS and Flexishift are trademarks of Integrated Device Technology, Inc. 
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DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATION 


so 

AFF 

FF^T 

FF 

Qo 

°i 

q 2 

Q4 

GND 

R 

Os 

Q 0 

O; 

Ob 

XO/FTF 

EF 

FF+T 

OF 

51/PI 


DIP 

TOP VIEW 


ABSOLUTE MAXIMUM RATINGS 01 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 

INGS may cause permanent damage to the device. This is a stress rat- 

ing only and functional operation of the device at these or any other 

conditions above those indicated in the operational sections of this 

specification is not implied. Exposure to absolute maximum rating con- 

ditions for extended periods may affect reliability. 



INDEX 



LCC/PLCC 
TOP VIEW 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^CCM 

Military Supply 
Voltage 

4.5 

5.0 

5.5 

V 

Vcc 

Commercial 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V, H 

Input High Voltage 
Commercial 

2.0 

- 

- 

V 

V, H 

Input High Voltage 
Military 

2.2 

- 

- 

V 

V’> 

Input Low Voltage 
Commercial & 

Military 

- 

- 

0.8 

V 


NOTE: 


1 . 1 ,5V undershoots are allowed for 1 0ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: Vbc= 5V ±10%. T A = 0°C to +70°C; Military: Vcc= 5V ±10%, Ta= -55°C to + 125°C) 


SYMBOL 

PARAMETER 

1 DT72 1 03/1 DT72 104 
COMMERCIAL 

MIN. TYP. MAX. 

MIN. 

1 DT72 1 03/1 DT72 104 
MILITARY 

TYP. MAX. 

UNIT 

l 1L d) 

Input Leakage Current (Any Input) 

-1 

- 

1 

-10 

- 

10 

pA 

•ol® 

Output Leakage Current 

-10 

- 

10 

. -10 

- 

10 

pA 

V OH 

Output Logic “1” Voltage l 0UT = -2mA (5) 

2.4 

- 

- 

2.4 

- 

- 

V 

V OL 

Output Logic “0” Voltage l 0UT = 8mA < 6 > 

- 

- 

0.4 

- 

- 

0.4 

V 

•cci ( 3 * * ) 

Power Supply Current 

- 

90 

140 

- 

100 

160 

mA 

•cC2 R) 

Average Standby Current 
(R = W = E5T = TT/RT — V| H ) 

- 

8 

12 

- 

12 

25 

mA 

•CC3(L) <34) 

Power Down Current 

- 

- 

2 

- 

- 

4 

mA 

•CC3(S)' 3 ' 4) 

Power Down Current 

- 

- 

8 

- 

- 

12 

mA 


NOTES: 

1 . Measurements with 0.4 < V JN <V 0UT . 4. R3 = FL/rT = w = R = Vcc -0.2V; all other inputs >Vcc -0.2V or < 0.2V 

2. R >V| H , 0.4<Vbur <\fcc 5 . For SO. I 0UT = -8mA. 

3. Ice measurements are made with outputs open. 6. For SO, loirr = 16mA 
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IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT 
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AC ELECTRICAL CHARACTERISTICS ' 

(Commercial: \fcc = 5V ±10%, Ta = 0°Cto + 70°C; Military: Vfcc =5 V 


:10%,T a = -55°Cto +125°C) 



Parallel I/O Shift Frequency 


Serial-Out Shift Frequency 


fsicp Serial-In Shift Frequency 


PARALLEL-OUTPUT MODE TIMINGS 


Access Time 


Read Recovery Time 


Read Pulse Width 


Read Cycle Time 


Write Pulse Low to Data Bus at Low Z (1 > 


Read Pulse Low to Data Bus at Low Z* 1 * I 23 


Read Pulse High to Data Bus at High Z (1) 23 


Data Valid from Read Pulse High 23 


PARALLEL INPUT MODE TIMINGS 


Data Set-up Time 


t DH Data Hold Time 


t wc Write Cycle Time 


twpw Write Pulse Width 


t WR Write Recovery Time 


RESET TIMINGS 


Reset Cycle Time 


tRs Reset Pulse Width 


tRss Reset Set-up Time 


tpsR Reset Recovery Time 


RESET TO FLAGS DELAYS 


t RS pi Reset to FF, AEF and EF+1 Low 


Reset to HF, FF and FF-1 High 


RESET TO TIME DELAYED OUTPUTS-SERIAL MODE ONLY 


tRSOL 


Reset Going Low to D 0 _ 8 Low 


RETRANSMIT TIMINGS 


Retransmit Cycle Time 


t RT Retransmit Pulse Width 


t RTS Retransmit Set-up Time 


t RTR Retransmit Recovery Time 


PARALLEL MODE FLAG PROPAGATION DELAYS 


72103x50 

72104x50 

MIN. MAX. 

72103x65 

72104x65 

MIN. MAX. 

72103x80 
72104x80 
MIN. MAX. 

15 

12.5 

10 

40 

33 

28 

40 

33 

28 


72103x120 
72104x120 UNIT 
MIN. MAX. 




100 

140 

100 

140 


65 

105 

65 

105 

65 

105 



Iref 

Read Low to FF Low 

25 

- 

45 

- 

60 

- 

60 

- 

60 


m 

Read High to FF High 

26 

- 

45 i 

_ 

60 

- 

60 

_ 

60 

mm 

*RF 

Read High to Transitioning HF, 

AEF and FF-1 

27 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

*RE 

Read Low to Transitioning 

AEF and EF+1 

28 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

tRPE 

Read Pulse Width after FF High 

1 

50 

- 

65 

- 

80 

- 

120 

- 

mm 

twEF 

Write High to FF High 

25 

- 

45 

- 

60 

- 

60 

- 

60 

mm 

*WFF 

Write Low to FF Low 

26 

- 

45 

- 

60 

- 

60 

' - 

60 

mrm 

l WF 

Write Low to Transitioning HF, 

AEF and FF-1 

27 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

*WE 

Write High to Transitioning 

AEF and EF+1 

28 

- 

65 

- 

80 

- 

100 

- 

140 

ns 

twPF 

Write Pulse Width After FF High 

2 

50 

— 

65 

_ 

80 

. _ 

120 

— 







































































































































































































































































IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Continued) 

(Commercial: Vcc = 5V ±10%, T A = 0°Cto +70°C; Military: V G c =5V±10%,T A = -55°Cto +125°C) 


SYMBOL 

PARAMETER 

FIGURE 

72103x50 

72104x50 

MIN. MAX. 

72103x65 

72104x65 

MIN. MAX. 

72103x80 

72104x80 

MIN. MAX. 

72103x120 
72104x120 
MIN. MAX. 

UNIT 

| DEPTH EXPANSION MODE DELAYS | 

*XOL 

Read/Write to Low 

20 

- 

50 

- 

65 

- 

80 

- 

120 


*XOH 

Read/Write to Xc5 High 

20 

- 

50 

- 

65 

- 

80 

- 

120 


txi 

XT Pulse Width 

21 

50 

- 

65 

- 

80 

- 

120 

- 

— 

txiR 

5?f Recovery Time 

21 

10 

- 

10 

- 

10 

- 

10 

- 

mm 

*XIS 

XT Set-up Time 

21 

1 15 

- 

15 

- 

15 

- 

15 

- 


| SERIAL INPUT MODE TIMINGS | 

*S2 

Serial Data In Set-up Time to SICP 
Rising Edge 

30 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

*H2 

Serial Data In Hold Time to SICP 

Rising Edge 

30 

0 

- 

0 

- 

5 

- 

5 

- 

ns 

*S3 

SIX Set-up Time to SICP Rising Edge 

30 

5 

- 

5 

- 

5 

- 

5 

- 


l S4 

W Set-up Time to SICP Rising Edge 

30 

5 

- 

5 

- 

5 

- 

5 

- 

■ 

*H4 

W Hold Time to SICP Rising Edge 

30 

7 

- 

10 

- 

12 

- 

15 

- 


tsicw 

Serial In Clock Width High/Low 

30 

10 

- 

10 

- 

15 

- 

15 

- 

■3 

tS5 

ST/PI Set-up Time to SICP Rising Edge 

30 

50 

- 

65 

- 

80 

- 

120 

- 

■ 

| SERIAL OUTPUT MODE TIMINGS | 

'S0 

3C5/PO Set-up Time to SOCP 

Rising Edge 

29 

50 

- 

65 

- 

80 

- 

120 

- 

ns 

*S7 

SOX Set-up Time to SOCP 

Rising Edge 

29 

5 

~ 

5 

- 

5 

- 

5 

- 

ns 

<S8 


29 

5 


5 

- 

5 

- 

5 

- 


tH8 

E Hold Time to SOCP Rising Edge 

29 

7 

- 

10 

- 

12 

' - 

15 

- 

9 

*SOCW 

Serial In Clock Width High/Low 

29 

10 

- 

10 

- 

15 

- 

15 

- 

mm 

| SERIAL MODE RECOVERY TIMINGS 

Irefso 

Recovery Time SOCP After EF 

Goes High 

32 

50 


65 


80 

! 

120 

i 

ns 

*REFSI 

Recovery Time SICP After FF 

Goes High 

32 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

| SERIAL MODE FLAG PROPAGATION DELAYS 

*SOCEF 

SOCP Rising Edge (Bit 0 - First Word) 
toEFLow 

32 

- 

25 

- 

30 i 

- 

30 


30 

ns 

tsOCFF 

SOCP Rising Edge (Bit 0 - First Word) 
to FF High 

31 

- 

40 

- 

50 

- 

60 

- 

60 

ns 

'tsOCF 

SOCP Rising Edge (Bit 0 - Second 
Word) to FF-1 , HF, AEF, EF+T High 

31 

- 

40 

- 

50 

- 

60 

- 

60 

ns 

'SICEF 

SICP Rising Edge (Bit 0 - First Word) 
to EF High 

34 

- 

65 

- 

80 

- 

80 

- 

80 

ns 

♦siCFF 

SICP Rising Edge (Bit 0 - First Word) 
to FF Low 

34 

- 

40 

- 

50 

- 

60 

- 

60 

ns 

*SICF 

SICP Rising Edge (Bit 0 - Second 
Word) to EF+T, HF, AEF, FF-1 High 

33 

- 

65 

- 

80 

- 

80 

- 

80 

ns 

| SERIAL INPUT MODE DELAYS 

ESH 

| SICP Rising Edge to D d) 

i 30 

1 5 

20 | 

1 5 

25 

1 5 

30 

1 5 

35 

mm 

| SERIAL OUTPUT MODE DELAYS i 

tPD2 

SOCP Rising Edge to Qd) 

29 

5 

20 

5 

25 

5 

30 

5 

30 

ig 

tsOHZ 

SOCP Rising Edge to SO at High-Zd) 

29 

5 

16 

5 

20 

5 

25 

5 

30 


tsOLZ 

SOCP Rising Edge to SO at Low-Z d) 

29 

5 

22 

5 

22 

5 

30 

5 

35 

— 

tsOPD 

SOCP Rising Edge to Valid Data on SO 

29 

- 

18 

- 

22 

- 

30 

- 

35 

■ 

| OUTPUT ENABLE/DISABLE DELAYS | 


Output Enable to High-Z (Disable) d) 

22 

- 

16 

; - 20 | 

- 

25 

- 

30 

mm 

toELZ 

Output Enable to Low-Z (Enable) d) 

22 

5 

- 

| 5 

- 

5 

- 

5 

- 


*AOE 

Output Enable to Data Valid (Q 0 -a) 

22 

- 

22 

| - 25 | 

- 

30 

- 

35 

mm 


NOTE: 


1. Guaranteed by design minimum times, not tested. 
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IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 



CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 

10 

PF 

Gout 

Output Capacitance 

V 0 UT= ov 

12 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


Figure A. Output Load. 

‘Includes jig and scope capacitances. 


GENERAL SIGNAL DESCRIPTIONS: 

Inputs: 

Data Inputs (Do -D8) _ 

In the parallel-in mode (Si/PI is connected to Vcc) Do -Da are the 
data inputs. 

The serial input mode is selected by grounding the SI/PI pin. 
The D 0 -e lines are then outputs which are used to program the 
width of the serial word. 

Reset (RS) 

Reset is accomplished whenever the Reset (RS) input goes 
high-to-low. During reset, both internal read and write pointers are 
set to the first location. A reset is required after power up before_a 
write operation can take place. Both the Read _[R_) and Write (W) 
inputs must be high during reset. Half-Full Flag (HF) will be reset to 
high after Reset (RS). 

Write (W) 

A write cycle is initiated on the falling edge of Write if the Full 
Flag (FF ) is not set. Data set-up and hold times must be adhered to 
with respect to the rising edge of Write (W). Data is stored in the 
RAM array sequentially and independently of any ongoing read 

operation. 

To prevent data overflow, the Full Flag (FF ) will go low, inhibit- 
ing further write operations. Upon the completion of a valid read 
operation, the Full Flag (FF ) will go high after tRFF allowing a valid 
write to begin. 

Read (R) 

A read cycle is initiated on the falling edge of Read (R), provided 
the Empty Flag (EF) is not set. The data is accessed on a First-In/ 
First-Out basis independent of any ongoing write operations. After 
Read (R) goes high, the Data Outputs (Qo-s) will return to a high- 
impedance condition until the next Read operation. When all the 
data has been read from the FIFO, the Empty Flag (EF) will go low, 
inhibiting further read operations with the data outputs remaining 


in a high-impedance state. Once a valid write operation has been 
accomplished, the Empty Flag (EF) will go high after twEF and a 
valid Read can then begin. 

First Load/Retransmit (FL/RT) 

This is a dual-purpose output. In the Multiple Device mode, this 
pin is grounded to indicate that it is the first device loaded (see Op- 
erating Modes). In the Single Device mode, this pin acts as the 
retransmit input The Single Device mode is initiated by grounding 
Expansion In (XI). 

The IDT72103/4 can be made to retransmit data when the 
Retransmit (RT) input is pulsed low. A retransmit operation will set 
the internal read pointer to the first location and will not affect the 
write pointer. Read (R) and Write (W) must be high during 
retransmit. This feature is useful when less than 2048/4096 writes 
are performed between resets. The retransmit feature is not avail- 
able in the Depth Expansion mode and will affect Half-Full Flag 
(HF), depending on the relative locations of the read and write 
pointers. 

Expansion In (XI) 

This input is a dual-purpose pin. Expansion In (XI) is grounded 
tojndicate an operation in the SingleDevice mode. Expansion In 
(XI) is connected to Expansion Out (XO) of the previous device in 
the Depth Expansion or Daisy Chain mode. 

Output Enable (OE) 

The parallel output buffers are tri-stated when is high. 

Outputs: 

Data Outputs (Qo-Qs) 

Data outputs for 9-bit wide data. These outputs are in a high im- 
pedance condition wherever Read (R) is in a high state. 

Full Flag (FF) 

Full Flag (FF ) is asserted (LOW) when the FIFO is full. When the 
FIFO is full, the internal write pointer will not be incremented by ad- 
ditional write pulses. 





IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Serlal-ln Mode 

. When the FIFO is loaded serially, the Serial-In Clock (SICP) as- 
serts the Full Flag. On the second rising edge of SICP, for the last 
word in the FIFO, the Full Flag is asserted (LOW) and is only 
deasserted by a subsequent read operation. Note that when the FF 
is asserted, the last SICP for that word will have to be stretched as 
shown in Figure 33; otherwise, the data may be scrambled in the 
next write cycle after a word has been read from the FIFO. 

Parallel-In Mode 

When the FIFO Is In Parallel-In mode, the falling edge of Write 
asserts the Full Flag (LOW). The Full Flag is deasserted (HIGH) by 
subsequent read operations— either serial or parallel. 

Full-1 Flag (FF^i ) 

This flag is asserted (LOW) when the FIFO is one word away 
from being full. It remains asserted when the FIFO is full. 

Expansion Out/Half-Full Flag (XO/HF) 

This is a duaFpurpose output. In the Single Device mode, when 
Expansion In (XI ) is grounded, this output acts as an indication of a 
half-full memory. After half of the memory is filled, and at the falling 
edge of the next write operation, the Half-Full Flag (HF) will be set 
to low and will remain set until the difference between the write 
pointer and read pointer is less than or equal to one half of the total 
memory of the device. The Half-Full Flag (HF) is then reset by the 
rising edge of the read operation. _ 

In the Multiple Device mode, Expansion In (XI) is connected to 
Expansion Out (XO) of the previous device. This output acts as a 
signal to the next device in the Daisy Chain by providing a pulse to 
the next device when the previous device reaches the last location 
of memory. 

Almost-Empty or Almost-Full Flag (AEF) 

This flag is asserted (LOW) if there are 0-255 bytes or 
1793-2048 bytes in the IDT72103, 2K x 9 FIFO; it is asserted if there 
are 0-51 1 or 3585-4096 bytes in the IDT72104, 4K x 9 FIFO. 

Empty+1 Flag (EF+1 ) 

In the parallel output mode, this flag is asserted (LOW) when 
there is one word or less in the FI FO. It remains LOW when the FIFO 
is empty. 

When i n the s erial mode, the EF + 1 flag operates as an EF + 2 
Flag. The EF + 1 goes LOW when the second to the last word is 
read from the RAM and is ready to be shifted out. The next word to 
be read is the next to the last word. 


TABLE 1: STATUS FLAGS 


NUMBER OF WORDS 
IN FIFO 

FF 

FFTf 

£EF 

HF 

EF+T (1) 

EF 

2K 

4K 

0 

0 

H 

H 

L 

H 

L 

L 

1 

1 

H 

H 

L 

H 

L 

H 

2-255 

2-511 

H 

H 

L 

H 

H 

H 

256-1024 

512-2048 

H 

H 

H 

H 

H 

H 

1025-1792 

2049-3584 

H 

H 

H 

L 

H 

H 

1793-2046 

3585-4094 

H 

H 

L 

L 

H 

H 

2047 

4095 

H 

L 

L 

L 

H 

H 

2048 

4096 

L 

L 

L 

L 

H 

H 


NOTE: 


1. EF + 1 acts as EF + 2 in the serial out mode. 

Empty Flag 
Parallel-Out Mode 

When the FIFO is in the Parallel-Out mode and there is only one 
word in the FIFO, the falling edge of the R line causes the Empty 


Flag (EF ) line to be asserted (LOW) . This is shown in Figure 25. The 
empty flag is then deasserted (H IGH) by either the rising edge of W 
or rising edge of SICP, as shown in Figure 25. 

Serial-Out Mode 

The use of the Empty Flag (EF) is important forproper serial-out 
operation when the FIFO is almost empty. The EF flag isasserted 
LOW after the first bit of the last word is shifted out. The EF flag is 
brought HIGH at the end of the next write (W goesjrom LOW-to- 
HIGH). In order to meet internal set-up times, the EF flag must be 
HIGH for a minimum period of time (tREFso) before the first shift out 
of the next word. This is analogous to the read flow-through mode 
in parallel output operation. 

For continuous shifting at the highest clock rates, certain con- 
siderations apply. If the EFgoes LOW during the serial shift of a 
word, it must be HIGH at least one or two serial clocks before the 
first bit of the_next word is started. Otherwise, the clock must be 
stopped until EF has gone HIGH and the minimum set-up period is 
met. For continuous operation, the EF must be tested two clock cy- 
cles from the end of the serial word. For slower shift rates, the EF 
can be tested just before starting to shift the first bit of the next word. 

SERIAL SIGNAL DESCRIPTIONS: 

Serial Input (SI) 

Serial data is read into the serial input register via the Serial In- 
put. In both Depth and Serial Word Width Expansion modes, the 
Serial Input signals of the different IDT72103/4 devices in the ex- 
pansion array are connected together. 

Serial Output (SO) 

Serial data is output on the serial output pin. In both Depth and 
Serial Word Width Expansion modes the Serial Output signals of 
the different IDT72103/4 devices in the expansion array are con- 
nected together. Following reset, the serial output is tri-stated until 
the first positive edge of the serial output clock signal. Data is 
clocked out Least Significant Bit first. In the Serial Width Expansion 
mode, the serial output is tri-stated again after the ninth bit is 
output. 

Serial Input Clock (SICP) 

New serial data is read into the serial input register on the rising 
edge of the Serial Input Clock signal. In both Depth and Serial 
Word Width Expansion modes, the Serial Input Clock signals of the 
different IDT72103/4 devices in the expansion array are connected 
together. 

Serial Output Clock (SOCP) 

New serial data bits are read from the serial output register on 
the rising edge of Serial Output Clock signal. In both Depth and Se- 
rial Word Width Expansion modes, the Serial Output Clock signals 
of the different IDT72103/4 parts in the expansion array are con- 
nected together. 

Serial Input Expansion (SIX) 

The Serial Input Expansion pin is tied high for single-device se- 
rial-input operation or parallel input operation. In the Serial Input 
Expansion mode, the SIX pin is tied high on the device that will 
source the lower order bits of the serial word. The device or devices 
that source the next higher order serial bits have their SIX pin (or 
pins) tied to the Ds pin of the device that will source the next lower 
order bits of the serial word. 

Serial Output Expansion (SOX) 

The Serial Output Expansion pin is tied high for single-device 
serial-output operation or parallel output operation. In the Serial 
Output Expansion mode, SOX is tied high on the device that will 
source the lower order bits of the serial word. The device or devices 
that source the next higher order serial bits have their SOX pin (or 
pins) tied to the Qs pin of the device that will source the next lower 
order bits of the serial word. Data is clocked out Least Significant 
Bit first. 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Serial/Parallel Input ( si/PI ) 

The Serial/Parallel Input pin programs whether the IDT72103/4 
accepts parallel or serial data as input. When this pin is low, the 
FIFO expects serial data and the Do -Ds pins become outputs used 
to program the write signal and, therefore, program the serial input 
word width. For instance, connecting D 8 to W will program a serial 
word width of 7 bits; connecting D7 to W will program a serial word 
width of 8 bits and so on. 

Serial/Parallel Output (SO/PO) 

The Serial/Parallel Output pin programs whether the 
IDT72103/4 outputs parallel or serial data. When this pin is low, the 
FIFO expects serial data and the Qo-Q 8 pins output signals used 
to program the read signal and, therefore, program the serial out- 
put word width. 

Operating the 1DT72103/4 FIFO Full and Empty Bound- 
ary Conditions 

The design of the IDT72103/4 FIFOs gates out write pulses once 
the FIFO is full and gates out read pulses once the FIFO is empty. 


Excess writes are ignored and, thus, do not overwrite valid data. 
Excess reads produce invalid data since the outputs of the FIFO 
are tri-stated when the Empty Flag is asserted, but but do not read 
data bytes out of sequence. 

The Full and Empty flags signal the full and empty boundary 
conditions. An internal read cycle cannot begin until the Empty 
Flag is deasserted and a write cannot begin until the Full Flag is 
deasserted (Figures 1 and 2). 

If Read is low prior to the deassertion of the Empty Flag, or Write 
is low prior to the deassertion of the Full Flag, they cannot be al- 
lowed to go high again until an appropriate minimum read or write 
pulse time has elapsed (Figure 1 — Irpe and Figure 2— t w pF). Fail- 
ure to observe this boundary condition timing produces internal 
read and write pulses of excessively short duration and may result 
in erratic operation. 

The parallel outputs are tri-stated unless the Read signal (R) is 
low, Output Enable (OE) is low and the Empty Flag (EF) is 
deasserted (HIGH). 
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Figure 2. FIFO Full Boundary Condition Timing 


Parallel Operating Modes: 

Parallel Data Input 

By setting Si/PI HIGH, the data is written into the FIFO in parallel 
through the Do-a input data lines. A write cycle is initiated on the 
falling edge of the Write (W) signal provided the Full Flag (FF) is 
not asserted. If the W signal changes from HIGH-to-LOW and the 
Full Flag (FF) is already set, the write line is inhibited internally 
from incrementing the write pointer and no write operation occurs. 

Dataset-up and hold times must be met with respect to the ris- 
ing edge of Write. The_data is written to the RAM at the write pointer. 
On the rising edge of W, the write pointer is incremented. Write op- 
erations can occur simultaneously or asynchronously with read 
operations. 

Parallel Data Output 

By setting SO/PO HIGH, the Parallel-Out mode is chosen. A 
read cycle is initiated on the falling edge of Read (R) provided the 
Empty Flag is not set. The output data is accessed on a first-in/first- 
out basis, independent of the ongoing write operations. In the Par- 
allel-Out mode, as shown in Figure 23 the data is available U after 
the falling edge of R and the output bus Q goes into high imped- 
ance after R goes HIGH. 

Alternately, the user can access the FIFO by keeping R LOW 
and enabling data on the bus by asserting Output Enable (OE). 
When R is LOW, the OE signal enables data on the output bus. 
When_R is LOW and OE is HIGH, the output bus is three-stated. 
When R is HIGH, the output bus is disabled irrespective of OE. The 
enable and disable times for Output Enable are shown in Figure 22. 

Single Device Mode 

Asingle IDT72103/4 may be used when the application require- 
ments are for 2048/4096 words or less. The IDT72103/4 is in the 
Single Device Configuration when the Expansion In (XI) control in- 
put is grounded. (See Figure 3.) In this mode the Half-Full Flag 
(HF), which is an active low output, is shared with Expansion Out 
(XO). 


(HALF-FULL FLAG) EF 


WRITE (W) 


(3O/P0) Vcc 

t (E) READ 

r \ 

IDT 

72103/4 

7 \ 

DATA in j (D) ] 

(Q) / DATA 0UT ) 

' V 

m FULL FLAG (FF) 

# i 

(EF) EMPTY FUG 

RESET (ES) > 


(ET) RETRANSMIT 

Vcc (ST/PI) j 


(OE) OUTPUT ENABLE 




EXPANSION IN (XI) 



Figure 3. Block Diagram of Single 2048 x 9/4096 x 9 FIFO 


Width Expansion Mode 

Word width may be increased simply by connecting the corre- 
sponding input control signals of multiple devices. Status flags can 
be detected from any one device. Figure 4 demonstrates an 18-bit 
word width by using two IDT72103/4S. Any word width can be at- 
tained by adding additional IDT72103/4S. 
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DATA| N (D) 


WRITE— 

FULL FLAG (FF) 


18/ 9 4 KF , 

73) 

<w) r 


RESET- 


(R5) 


Vfcc 


(ST/PI) 


IDT 

72103/4 


' XT 


£=) 


HF 


* 


IDT 

72103/4 


'■ XI 


(S5/P0) 


Vcc 


OUTPUT 
(° E ) ENABLE 


(R) 


READ 


(EF) EMPTY FLAG 


(FT) RETRANSMIT 




73 


(Q) DATAqut 


NOTE: 

1 . Flag detection is accomplished by monitoring the FF, EF and the HF signals of either (any) device used in the width expansion configuration. Do not 
connect any flag signals together. 

Figure 4. Block Diagram of 2048 x 18/4096 x 18 FIFO Memory Used in Width Expansion Mode 



( 


TRUTH TABLES 

TABLE 2: RESET AND RETRANSMIT — 

SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 


Fs 

FE 

XT 

READ POINTER 

WRITE POINTER 

AEF, EF, EF+1 

FF7 ff-i 

HF 

Reset 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

Retransmit 

1 

0 

0 

Location Zero 

Unchanged 

X 

X 

X 

Read/Write 

1 

1 

0 

Increment ('> 

Increment 0) 

X 

X 

X 


NOTE: 

1. Pointer will increment if appropriate flag is HIGH. 


TABLE 3: RESET AND FIRST LOAD TRUTH TABLE - 
DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

R5 

FL 

XI 

READ POINTER 

WRITE POINTER 

EF 

FF 

Reset-First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

Reset all Other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

(1) 

X 

X 

X 

X 


NOTES: _____ 

1 . XI is connected to XO of previous device. 

2. RS = Reset Input, FL/RT = First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = Expansion Input 
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Depth Expansion (Daisy Chain) Mode 

The IDT72103/4 can be easily adapted to applications where 
the requirements are for greater than 2048/4096 words. Figure 5 
demonstrates Depth Expansion using three !DT72103/4s. Any 
depth can be attained by adding additional IDT72103/4S. The 
IDT72103/4 operates in the Depth Expansion configuration when 
the following conditions are met: 

1 . The first device must be designated by grounding the First Load 
(FL) control input. 

2. Ail other devices must have FL in the high state. 


3. The ExpansionOut (XO ) pin of each device must be tied to the 
Expansion In (XI) pin of the next device. See Figure 5. 

4. External logic is needed to generate a composite Full Flag (FF ) 
and Empty Flag (EF). This requires the OR-ing of all EFs and 
OR-ing of all_FF sji.e., all must be set to generate the correct 
composite FFor EF). See Figure 5. 

5. The Retransmit (RT) "function and Half-Full Flag (HF) are not 
available in the Depth Expansion mode. 



NOTE: 

1 . ST/PI and SO/PO pins are tied to Vqq . 


Figure 5. Block Diagram of 6,144 x 9/12,288 x 9-FIFO Memory, Depth Expansion 
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Bidirectional Mode achieved by pairing IDT72103/4 as shown in Figure 6. Both Depth 

Applications which require data buffering between two systems Expansion and Width Expansion may be used in this mode, 

(each system capable of Read and Write operations) can be 



Compound Expansion Mode 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO arrays 
(see Figure 7). 



NOTES: 

1. For depth expansion block see DEPTH EXPANSION Section and Figure 5. 

2. For Flag detection see WIDTH EXPANSION Section and Figure 4. 

Figure 7. Compound FIFO Expansion 
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Serial Operating Modes 
Serial Data Input 

The Serial Input mode is selected by grounding the SI/PI line. 
The Do-a lines are then outputs which are used to program the 
width of the serial word. They arejaps off a digital delay line which 
are meant for connection to the W input. For instance, connecting 
D6 to W will program a serial word width of 7 bits, connecting D7 to 
W will program a serial word width of 8 bits and so on. 

By programming the serial word width, an economy of clock cy- 
cles is achieved. As an example, if the word width is 6 bits, then on 
every 6th clock cycle the serial data register is written in parallel 
into the FIFO RAM array. Thus, the possible clock cycles for an ex- 
tra 3 bits of width in the RAM array are not required. 

The SIX signal is used for Serial-In Expansion. When the serial 
word width is 9 or less, the SIX input must be tied HIGH. When more 
than 9 bits of serial word width is required, more than one device is 
required. The SIX input of the least significant device must be tied 
HIGH. The Da pin of the least significant device must be tied to SIX 
of the next significant device. In other words, the SIX input of the 
most significant and intermediate devices must always be con- 
nected to the D 8 of the next least significant device. 

Figure 8 shows the relationship of the SIX, SICP and Do-8 lines. 
In the standalone case (Figure 8), on the first LOW-to-HIGH of 
SICP, the D1-7 lines go LOW and the Do line remains HIGH. On the 
next SICP clock edge, the Di goes HIGH, then D2 and so on. This 
continues until the D line, which is connected to W , goes HIGH. On 


the next clock cycle, after W is HIGH, all of the D lines go LOW 
again and a new serial word input starts. 

In the cascaded case, the first LOW-to-HIGH SICP clock edge 
for a serial word will cause all timed outputs (D) to go LOW except 
for Do of the least significant device. The D outputs of the least sig- 
nificant device will go high on consecutive clock cycles until Da. 
When D8 goes HIGH, the SIX of the next device goes HIGH. On the 
next cycle after the SIX input is brought HIGH, the D 0 goes HIGH; 
then on the next cycle Di and so one. A Di output from the most 
significant device is issued to create the W for all cascaded 
devices. 

The minimum serial word width is 4 bits and the maximum is vir- 
tually unlimited. 

When in the Serial mode, the Least Significant Bit of a serial 
stream is shifted in first. If the FIFO output is in the Parallel mode, 
the first serial bit will come out on Qo . The second bit shifted in is on 
Qi and so on. 

In the Serial Cascade mode, the serial input (SI) pins must be 
connected together. Each of the devices then receives serial infor- 
mation together and uses the SIX and Do-8 lines to determine 
whether to store it or not. 

The example shown in Figure 10 shows the interconnections for 
a serializing FIFO that transfers data to the internal RAM in 16-bit 
quantities (i.e. every 16 SICP cycles). This corresponds to incre- 
menting the write pointer every 16 SICP cycles. 


6-54 



IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 






IDT72103/IDT72104 CMOS 

PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 9. Serial-Input Circuitry 


SERIAL INPUT WIDTH EXPANSION 



D 8 OF FIFO #1 
AND SIX OF 
FIFO #2 



D e OF FIFO #2 
AND W TO 
FIFO #1 
AND FIFO #2 



f 

Figure 10. Serial-In Configuration for Serial-In to Parallel-Out Data of 16 bits 
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51 /PI 

SIX IDT72104 

FE/RT 

SOX SI SICP XU XI 


51/PI S^/PO *U 



FE/RT IDT72104 

SIX 

w 

SOX SI SICP 




1. All SI/PI pins are tied to Vcc and SO/PO pins are tied to GND. OE is tied HIGH. For FF and EF connections see Figure 17. 

Figure 11. An 8Kx 8 Serlal-ln, Parallel-Out FIFO 

SERIAL INPUT WITH WIDTH AND DEPTH EXPANSION 

SERIAL I 
DATA IN 


SIX si 

SICP 

0(5-8 ^ 

0 8 

w 

E 

XU 










□ , 

, 


SIX si D 8 XU XI 

w 

SICP 

E 

Qq-8 


SIX si 

d 6 


w 

SICP 

E 

Qq-8 

XT XU 


SIX SI 

0 5 


w 

SICP 

E 

0(5-5 

XI XU 


[six si d 8 xu xi [six si d 8 xu xi [six S 

SERIAL I I wkH I Wk-M I 

CLOCK | || SICP | | 

Pip Eh 

I Op-8 | I Qq-8 I | Op-5 

'! ’[ '!_ 

^Pp -8 P 9-17 Pi 8-2: 

PARALLEL DATA OUT 

N0TE i _ _ 

1 . All SI/PI pins is tied to GND. SO/PO is tied to Vqq. For FF and EF connections see Figure 17. 

Figure 12. An 8K x 24 Serlal-ln, Parallel-Out FIFO Using Six IDT72104s 


SIX SI D 5 XU XI 
V 

SICP 

_ T 

0(5-5 
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Serial Data Output 

The Serial Output mode is selected by setting the SO/PO line 
low. When in the Senal-Out mode, one of the Qo-8 lines should be 
used to control the R signal. In the Serial-Out mode, the Qo-s are 
taps off a digital delay line. By selecting one of these taps and con- 
necting it to the R input, the width of the serial word to be read and 
shifted is programmed. For instance, if the Qs line is connected to 
the R input, on every sixth clock cycle a new word is read from the 
FIFO RAM array and begins to be shifted out. The serial word is 
shifted out Least Significant Bit first. If the input mode of the FIFO is 
parallel, the information that was written into the Do bit will come 
out as the fist bit of the serial word. The second bit of the serial 
stream will be the Di bit and so on. 

In the standalone case, the SOX line is tied HIGH and not used. 
On the first LOW-to-HIGH of the SOCP clock, all of the Q outputs 
except for Qo go LOW and a new serial word is started. On the next 
clock cycle, Qi will go HIGH, Q 2 on the next clock and so on, as 
shown in Figure 13. This continues until the Q line, which is con- 
nected to R , goes HIGH at which point all of the Q lines go LOW on 
the next clock and a new serial word is started. 


In the cascaded case, word widths of more than 9 bits can be 
achieved by using more than one device. By tying the SOX line of 
the least significant device HIGH and the SOX of the subsequent 
devices to Qs of the previous devices, a cascaded serial word is 
achieved. On the first LOW-to-HIGH clock edge of SOCP, all the 
lines go LOW except for Qo. Just as in the standalone case, on 
each consecutive clock cycle, each Q line goes HIGH in order of 
least to most significant. When Qs (which is connected to the SOX 
input of the next device) goes HIGH, the Do of that device goes 
HIGH, thus cascading from one device to the next. The Q line of the 
most significant device, which programs the serial word width, is 
connected to all R inputs. 

The Serial Data Output (SO) of each device in the serial word 
must be tied together. Since the SO pin is three-statable, only the 
device which is currently shifting out is enabled and driving the 
1 -bit bus. 

Figure 15 shows an example of the interconnections for a 16-bit 
serialized FIFO. 


SINGLE DEVICE SERIAL OUTPUT CONFIGURATION 

GND V cc PARALLEL DATA IN 



01 2 3456701 2345670 


“AAAAAAAAAAAAA/WNA 

Oq— 1 

0, vy 

w 

Y_ 

° z ~~\ r~ 

\ / 

V_ 

° 3 ~A 

_v \ / 





o 4 “\ 

/ X / 

v_ 

o 5 ~\ 

/ \ 

_/ \_ 

*“\ 

/ \ 

/ — \ 


/ \ 

/\ 

» ~\ 

f~\ 

/\_ 


Figure 13. Serial-Out Configuration Where Input Data Is Loaded in 8-Bit Quantities and Read Out Serially 
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SOCP-SERIAL OUTPUT FROM 

OUTPUT CLOCK RAM ARRAY 


E 


3C5/PO 



PARALLEL-OUT DATA/ 
TIMED OUTPUT Q 0 -b 


SERIAL 

OUTPUT 

DATA 

(SO) 


Figure 14. Serial-Output Circuitry 


SERIAL-OUT WIDTH EXPANSION 


PARALLEL DATA IN 
16- BITS WIDE 


SERIAL OUTPUT CLOCK ■ 
Vcc ' 


SO 
SOCP 
SOX 


-1 9 


D 0 


GND 

±1 

51 /PI 55/PO 

FIFO #1 


Q, 


SERIAL-OUT 

DATA 


Jr 7 


vcc 


GND 


SO 

SOCP 

sox 


D 0 -e ST /PI 5U/PO 
FIFO #2 

E Qg 



Qg OF FIFO #1 V 

AND SOX OF \ 

FIFO #2 \ 


Ob OF FIFO #2 \ 

AND E OF \ 

FIFO #1 X 

AND FIFO #2 


ib 


/ 


lb 


ib 


V_ 

/~\_ 


Figure 15. Serial Output tor 16-Bit Parallel Data In. The Parallel Data In is tied to Do-s of FIFO #1 and Do-e of FIFO #2 
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SERIAL OUTPUT WITH DEPTH EXPANSION 


n 




FE/RT 


W 


IDT72104 


sox so socp xo XT Oj 


SOCP> 


SO- 


K 


V C o 


XT 

X(5 Dq_7 

W 

L 

FE/RT 

IDT72104 

R 


SOX 

SO SOCP 

0/ 


Dq-7 


w 


NOTE: 

1 . All 51/PI pins are tied to Vcc and 575/PO pins are tied to GND. (55 is tied HIGH. For FF and EF connections see Figure 17. 

Figure 16. An 8Kx 8 Parallel-In Serial-Out FIFO 

SERIAL IN AND SERIAL OUT WITH WIDTH AND DEPTH EXPANSION 


FULL 

FLAG 


EMPTY 

FLAG 



NOTE: 

1. All R5 pins are connected together. All ?5E pins are connected HIGH. All 5T/PI and SO/PO pins are grounded. 

Figure 17. A 128K x 1 Serial-In Serial-Out FIFO 
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WRITE TO 
LAST PHYSICAL 
LOCATION 


READ FROM 
LAST PHYSICAL 
LOCATION 
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SERIAL TIMINGS -READ/WRITE 



NOTE: 

1. After SO/PO has been set up, it cannot be dynamically changed: it can only be changed after a reset operation. 


Figure 29. Read Operation In Serial-Out Mode 

1 



NOTES: 

1 . For the Standalone mode. N > 4 and the input bits are numbered 0 to N -1 . 

2. For the recommended interconnections, D| is to be directly tied to Wand the 1 34 andt H 4 requirements will be satisfied. For users that modify W externally, 
t S4 and t H4 have to be met. 

3. After 51/PI has been set up, it cannot be dynamically changed; it can only be changed after a reset operation. 


Figure 30. Write Operation In Serlal-ln Mode 
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SERIAL TIMINGS - FLAGS 

j*« — FIRST SERIAL-OUT WORD — ►{*•— SECOND SERIAL-OUT WORD-*-] 

SOCP 


Qn-1— R 


FF 


FFT 


W 


NOTES: 

1. The FIFO is full and a new read sequence is starting. 

2. On the first rising edge of SOCP, the FF is de-asserted. In the Serial-In mode, a new write operation can begin after t RFFS1 after FF goes HIGH. In the 
Parallel-In mode, a new write operation can occur immediately after FF flag goes HIGH. 

3. The FF-1 Flag is deasserted after the first SOCP of the second serial word. 

Figure 31. Full Flag and Full-1 Flag Deassertion In the Serial-Out Mode 


SOCP 

K = Qn+1 
FF+T 

FF 


W 


NOTES: 

1 . Parallel write shown for reference only. Can also use serial input mode. 

2. The Empty Flag is asserted in the Serial-Out mode by using the t S ocEF parameter. This parameter is measured in the worst case from the rising edge of the 
SOCP used to clock data bit 0. Whenever FF goes LOW, there is only one word to be shifted out. In the Parallel-In mode, the FF flag is deasserted by the 
rising edge of W. In the Serial-In mode, the FF flag is deasserted by the rising edge of W. 

3. First Write rising edge after FF is set. 

4. SOCP should not be clocked until FF goes HIGH. 

Figure 32. Empty Flag and Empty + 1 Flag Assertion in the Serial-Out Mode, FIFO Being Emptied 



WORD A WORD B LAST WORD 
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SERIAL TIMINGS - FLAGS 



NOTES: 

1 . The Full Flag is asserted in the Serial-In mode by using the tsicFF parameter. This parameter is measured in the worst case from the rising edge of SICP 
followed by a (t PD1 +t WFF ) delay from the first rising edge of SICP of the last word. 

2. First Read rising edge after FF is set. 

3. SICP should not be clocked until FF goes HIGH. 


Figure 33. Full Flag and Full-1 Flag Assertion in the Serial-In Mode, FIFO Being Filled 


, , , THIRD SERIAL-IN 

\ * — FIRST SERIAL-IN WORD —►{•—SECOND SERIAL-IN WORD- WORD 



NOTES: 

1. Parallel Read shown for reference only. Can also use serial output mode. 

2. The Empty Flag is deasserted when an entire word has been loaded into the internal RAM. It can occur after the first rising edge of SICP of the second 
Serial-In word. In the Serial-Out mode, a new read operation can begin t REFS0 after FF goes H IGH. In the Parallel-Out mode, a new read operation can occur 
immediately after FF goes HIGH. 

3. The Empty + 1 Flag is deasserted after the first rising edge of SICP of the third Serial-In word. 


Figure 34. Empty Flag and Empty + 1 Flag Deassertion in Serial-In Mode 
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ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto + 125°C) 
Compliant to MIL-STD-883, Class B, 

Plastic DIP 
CERDIP 

Plastic Leaded Chip Carrier 
Leadless Chip Carrier 


(40MHz serial shift rate) 
(33MHz serial shift rate) 
(28MHz serial shift rate) 
(25MHz serial shift rate) 


Parallel Access Time (t A ) 


Standard Power 
Low Power 


2048 x 9-Bit Parallel-Serial FIFO 
4096 x 9-Bit Parallel-Serial FIFO 
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CMOS PARALLEL FIFO 
64 x 4-BIT AND 64 x 5-BIT 


IDT72401 

IDT72402 

IDT72403 

1DT72404 


FEATURES: 

• First-In/First-Out dual-port memory 

• 64 x 4 organization (IDT72401/03) 

• 64 x 5 organization (IDT72402/04) 

• IDT72401/02 pin and functionally compatible 
with MMI67401/02 

• RAM-based FIFO with low fall-through time 

• Low power consumption 
— Active: 175mW (typ.) 

• Maximum shift-rate— 45MHz 

• High data output drive capability 

• Asynchronous and simultaneous read and write 

• Fully expandable by bit width 

• Fully expandable by word depth at 35MHz 

• IDT72403/04 have Output Enable pin to enable output data 

• High-speed data communications applications 

• High-performance CEMOS™ technology 

• Available in CERDIP, plastic DIP, LCC and SOIC 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-86846 is pending listing on 
this function. Refer to Section 2/page 2-4. 

DESCRIPTION: 

The IDT72401 and IDT72403 are asynchronous, high- 
performance First-In/First-Out memories organized 64 words by 4 


bits. The IDT72402 and IDT72404 are asynchronous, high- 
performance First-In/First-Out memories organized as 64 words 
by 5 bits. The IDT72403 and IDT72404 also have an Output Enable 
(OE) pin. The FIFOs accept 4-bit or 5-bit data at the data input 
(D 0 -D 3 4 ). The stored data stack up on a first-in/first-out basis. 

A Shift Out (SO) signal causes the data at the next to last word to 
be shifted to the output while all other data shifts down one location 
in the stack. The Input Ready (IR) signal acts like a flag to indicate 
when the input is ready for new data (IR = HIGH) or to signal when 
the FIFO is full (IR = LOW). The Input Ready signal can also be 
used to cascade multiple devices together. The Output Ready 
(OR) signal is a flag to indicate that the output contains valid data 
(OR = HIGH) or to indicate that the FIFO is empty (OR = LOW). 
The Output Ready signal can also be used to cascade multiple de- 
vices together. 

Width expansion is accomplished by logically ANDing the Input 
Ready (IR) and Output Ready (OR) signals to form composite 
signals. 

Depth expansion is accomplished by tying the data inputs of 
one device to the data outputs of the previous device. The Input 
Ready pin of the receiving device is connected to the Shift Out pin 
of the sending device and the Output Ready pin of the sending de- 
vice is connected to the Shift In pin of the receiving device. 

Reading and writing operations are completely asynchronous, 
allowing the FIFO to be used as a buffer between two digital ma- 
chines of widely varying operating frequencies. The 45MHz speed 
makes these FIFOs ideal for high-speed communication and con- 
troller applications. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 


si 

IR 


Do-3 


d 4 

(ID772402 
and IDT72404) 


MR 



(5E (IDT72403 and 
IDT72404) 


Oo-3 


Q 4 (IDT72402 and 
IDT72404) 

SO 

OR 


CEMOS is a trademark of Integrated Device Technology. Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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PIN CONFIGURATIONS 


IDT72401 IDT72402 

IDT72403 IDT72404 


NC/UE 0) C 

IR C 
si C 
DoC 
Di C 

d 2 C 
d 3 C 

GND □ 


PI 6-1, 
D16-1 13 

& 12 
SOI 6-1 12 


V C c 

SO 

OR 

Oo 

°i 

0 2 

o 3 

ME 


DIP/SOIC 
TOP VIEW 


NC/OE I 2 * C 

IR C 
si C 

DoC 
D, C 
D 2 C 
d 3 C 
d 4 C 

GND C 


4 PI 8-1. 15 

5 D18-1 14 

6 S018-1 13 


v cc 

SO 

OR 

O 0 

Q, 

0 2 

0 3 

ME 


DIP/SOIC 
TOP VIEW 



NOTES: 

1. Pin 1: NO- No Connection IDT72401 

GE-IDT72403 

2. Pin 1: NO— No Connection IDT72402 

OE-IDT72404 
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ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

BUTU'I 


Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

pa? 

Storage 

Temperature 

-55 to +125 

-65 to +150 

D 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Military 

Supply Voltage 

□ 

5.0 

5.5 

m 

Msc 

Commercial 

Supply Voltage 


5.0 

5.5 

B1 

GND 

Supply Voltage 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.0 

- 

- 

V 

MlR) 

Input High Voltage 

- 

- 

0.8 

V 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: V cc = 5.0V ±10%, T A = 0°C to +70°C; Military: \fcc = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

V,c (1) 

Input Clamp Voltage 


- 

- 

- 

'lL 

Low-Level Input Current 

V cc = Max., GND<V, <V CC 

-10 

- 

pA 

'lH 

High-Level Input Current 

V cc = Max., GND<V, <V CC 

- 

+ 10 

pA 

VOL 

Low-Level Output Current 

Vcc = M in -. ! ol = 8mA 

- 

0.4 

V 

Mdh 

High-Level Output Voltage 

V cc = Min-. Ioh = "4mA 

2.4 

- 

V 

'os (2) 

Output Short-Circuit Current 

V cc = Max., V 0 = GND 

-20 

-90 

mA 

w 

Off-State Output Current 

V cc = Max., V 0 = 2.4V 

- 

+ 20 

pA 

■lz 

(IDT72403 and IDT72404) 

V cc = Max., V 0 = 0.4V 

-20 

- 

pA 

, (3. 4) 

'CC 


V co = Max.: f = 10MHz 




Supply Current 

Commercial 

- 

35 

mA 



Military 

- 

45 



NOTES: 

1 . FIFO is able to withstand a -1 .5V undershoot for less than 10ns. 

2. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

3. Ice measurements are made with outputs open. 

4. For frequencies greater than 10MHz, Icc = 35mA + (1.5mA x [f - 10MHz]) commercial, and Ice = 40mA + (1.5mA x [f - 10MHz]) military. 






















































































I DT72401 /02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


OPERATING CONDITIONS 

(Commercial: V cc = 5.0V ±10%, T A = 0°C to +70°C; Military: V cc = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MILITARY AND COMMERCIAL 

UNIT 

IDT72401L45 
IDT72402L45 
IDT72403L45 
IDT72404L45 
MIN. MAX. 

IDT72401L35 
IDT72402L35 
IDT72403L35 
IDT72404L35 
MIN. MAX. 

IDT72401L25 
IDT72402L25 
IDT72403L25 
IDT72404L25 
MIN. MAX. 

IDT72401L15 
IDT72402L15 
IDT72403L15 
IDT72404L15 
MIN. MAX. 

IDT72401L10 
IDT72402L10 
IDT72403L10 
IDT72404L10 
MIN. MAX. 

tsiH* 1 ’ 

Shift In HIGH Time 

2 

9 

- 

9 

- 

11 

- 

11 

- 

11 

- 

ns 

*SIL 

Shift In LOW Time 

2 

11 

- 

17 

- 

24 

- 

25 

- 

30 

- 

ns 

*IOS 

Input Data Set-up 

2 

0 

- 

0 

- 

0 

■ - 

0 

- 

0 

- 


l IDH 

Input Data Hold Time 

2 

13 

- 

15 

- 

20 

- 

30 

- 

40 

- 

ns 

l SOH (1) 

Shift Out HIGH Time 

5 

9 

- 

9 

- 

11 

- 

11 

- 

11 

- 

mm 

l SOL 

Shift Out LOW Time 

5 

11 

- 

17 

- 

24 

- 

25 

- 

25 

- 

ns 

*MRW 

Master Reset Pulse 

8 

20 

- 

25 

- 

25 

- 

25 

- 

30 

- 

mm 

l MRS 

Master Reset Pulse to SI 

8 

10 

_ 

10 

_ 

10 

- 

25 

- 

35 

- 

ns 

*SIR 

Data Set-up to IR 

4 

3 

- 

3 

- 

5 

- 

5 


5 

- 

■31 

n 

Data Hold from IR 

4 

13 

- 

15 

- 

20 

- 

30 

- 

30 


ns 

*SOR 

Data Set-up to OR HIGH 

7 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

mm 


AC ELECTRICAL CHARACTERISTICS 

(Commercial: V cc = 5.0V ±10%, T A = 0°C to +70°C; Military: V cc = 5V ± 10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

FIGURE 

COMMERCIAL 

MILITARY AND COMMERCIAL 

UNIT 

IDT72401L45 
IDT72402L45 
IDT72403L45 
IDT72404L45 
MIN. MAX. 

IDT72401L35 
IDT72402L35 
IDT72403L35 
IDT72404L35 
MIN. MAX. 

IDT72401L25 
IDT72402L25 
IDT72403L25 
IDT72404L25 
MIN. MAX. 

IDT72401L15 
IDT72402L15 
IDT72403L15 
IDT72404L15 
MIN. MAX. 

IDT72401L10 
IDT72402L10 
IDT72403L10 
IDT72404L10 
MIN. MAX. 

f|N 

Shift In Rate 

2 

- 

45 

- 

35 

- 

25 

- 

15 

- 

10 

MHz 

t|RL<H 

Shift In to Input Ready LOW 

2 

- 

18 

- 

18 

- 

21 

- 

35 

- 

40 

ns 

t|RH <’) 

Shift In to Input Ready HIGH 

2 

- 

18 

- 

20 

- 

28 

- 

40 

- 

45 

1 

f OUT 

Shift Out Rate 

5 

- 

45 

- 

35 

- 

25 

- 

15 

- 

10 

MHz 

toRL* 1 ) 

Shift Out to Output Ready LOW 

5 

- 

18 

- 

18 

- 

19 

- 

35 

- 

40 

B19 

'oRH (1) 

Shift Out to Output Ready HIGH 

5 

- 

18 

- 

20 

- 

34 

- 

40 

- 

55 


toDH 

Output Data Hold (Previous Word) 

5 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


'oos 

Output Data Shift (Next Word) 

5 

- 

20 

- 

25 

- 

35 

- 

55 

- 

55 

ns 

W 

Data Throughput or “Fall-Through” 

4,7 

- 

25 

- 

28 

- 

40 

- 

65 

- 

65 


*MRORL 

Master Reset to OR LOW 

8 

- 

25 


28 

- 

35 

- ■■ 

35 

- 

40 


*MRIRH 

Master Reset to IR HIGH 

8 

- 

25 

- 

28 

- 

35 

- 

35 

- 

40 


tMRQ 

Master Reset to Data Output LOW 

8 

- 

20 

- 

20 

- 

25 

- 

35 

- 

40 

1231 

*OOE ,3) 

Output Valid from UE LOW 

9 

- 

12 

- 

15 

- 

20 

- 

30 

- 

35 

mm 

t H ZOE (3) 

Output HIGH-Z from UE HIGH 

9 

- 

12 

- 

12 

- 

15 

- 

25 

- 

30 

ns 

t| PH (2) 

Input Ready Pulse HIGH 

4 

9 

- 

9 

- 

11 

- 

11 

- 

11 

- 

ns 

Wh* 21 

Output Ready Pulse HIGH 

7 

9 

- 

9 

- 

11 

- 

11 

- 

11 

- 

f 


NOTES: 


1 . Since the FIFO is a very high-speed device, care must be exercised in the design of the hardware and timing utilized within the design. Device grounding 
and decoupling are crucial to correct operation as the FIFO will respond to very small glitches due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. A monolithic ceramic capacitor of O.lpF directly between V C c and GND with very short lead length is recommended. 

2. This parameter applies to FIFOs communicating with each other in a cascaded mode. IDT FIFOs are guaranteed to cascade with other IDT FIFOs of like 
speed grades. 

3. IDT72403 and IDT72404 only. 
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I DT72401/02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER <’> 

CONDITIONS 

MAX. 

UNIT 

C IM 

Input Capacitance 

V| N =0V 

5 

pF 

^OUT 

Output Capacitance 

Vqut= 0 V 

7 

pF 


NOTE: 


1 . This parameter is sampled and not 100% tested. 


ALL INPUT PULSES: 


3.0V 


GND ■ 


90% 
10 % 


<3ns -H 




90% 
10 % 


<3ns 


5V 



•Includes jig and scope capacitances. 

Figure 1. AC Test Load 


SIGNAL DESCRIPTIONS 
INPUTS: 

DATA INPUT (D 0 _3 >4 ) 

Data input lines. The IDT72401 and IDT72403 have a 4-bit data 
input. The IDT72402 and IDT72404 have a 5-bit data input. 

CONTROLS 

SHIFT IN (SI) 

Shift In controls the input of the data into the FIFO. When SI is 
HIGH, data can be written to the FIFO via the D 0 _ 3 4 lines. 

SHIFT OUT (SO) 

Shift Out controls the output of data out of the FI FO . When SO is 
HIGH, data can be read from the FIFO via the Data Output (Q 0 _ 3 4 ) 
lines. 

MASTER RESET (MR) 

Master Reset clears the FIFO of any data stored within. Upon 
power up, the FIFO should be cleared with a Master Reset. Master 
Reset is active LOW. 


INPUT READY (IR) 

When Input Ready is HIGH, the FIFO is ready for new input data 
to be written to it. When IR is LOW the FIFO is unavailable for new 
input data. Input Ready is also used to cascade many FIFOs to- 
gether, as shown in Figures 10 and 1 1 in the Applications section. 

OUTPUT READY (OR) 

When Output Ready is HIGH, the output (Q 0 _ 3 4 ) contains valid 
data. When OR is LOW, the FIFO is unavailable for new output 
data. Output Ready is also used to cascade many FIFOs together, 
as shown in Figures 10 and 11. 

OUTPUT ENABLE (OE) (IDT72403 AND IDT72404 ONLY) 

Output Enable is used to read FIFO data onto a bus. Output En- 
able is active LOW. 

OUTPUTS 

DATA OUTPUT (Q 0 -3, 4 ) 

Data Output lines. The IDT72401 and IDT72403 have a 4-bit 
data output. The IDT72402 and IDT72404 have a 5-bit data output. 


















I DT72401 /02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION 

These 64 x 4 and 64 x 5 FIFOs are designed using a dual-port 
RAM architecture as opposed to the traditional shift register ap- 
proach. This FIFO architecture has a write pointer, a read pointer 
and control logic, which allow simultaneous read and write opera- 
tions. The write pointer is incremented by the falling edge of the 
Shift In (SI) control; the read pointer is incremented by the falling 
edge of the Shift Out (SO). The Input Ready (IR) signals when the 
FIFO has an available memory location; Output Ready (OR) sig- 
nals when there is valid data on the output. Output Enable (OE) 
provides the capability of three-stating the FIFO outputs. 

FIFO Reset 

The FIFO must be reset upon power up using the Master Reset 
(MR) signal. This causes the FIFO to enter an empty state, signified 
by Output Ready (OR) being LOW and input Ready (IR) being 
HIGH. In this state, the data outputs (Q0-3. 4) will be LOW. 

Data Input 

Data is shifted in on the LOW-to-HIGH transition of Shift In (SI). 
This loads input data into the first word location of the FIFO and 
causes Input Ready to go LOW. On the HIGH-to-LOW transition of 
Shift In, the write pointer is moved to the next word position and In- 
put Ready (IR) goes HIGH, indicating the readiness to accept new 
data. If the FIFO is full, Input Ready will remain LOW until a word of 
data is shifted out. 


Data Output 

Data is shifted out on the HIGH-to-LOW transition of Shift Out 
(SO). This causes the internal read pointer to be advanced to the 
next word location. If data is present, valid data will appear on the 
outputs and Output Ready (OR) will go HIGH. If data is not present, 
Output Ready will stay LOW indicating the FIFO is empty. The last 
valid word read from the FIFO will remain at the FIFO’s output 
when it is empty. When the FIFO is not empty, Output Ready (OR) 
goes LOW on the LOW-to-HIGH transition of Shift Out. Previous 
data remains on the output until the HIGH-to-LOW transition of Shift 
Out (SO). 

Fall-Through Mode 

The FIFO operates in a fall-through mode when data gets shifted 
into an empty FIFO. After a fall-through delay the data propagates 
to the output. When the data reaches the output, the Output Ready 
(OR) goes HIGH. Fall-through mode also occurs when the FIFO is 
completely full. When data is shifted out of the full FIFO, a location 
is available for new data. After a fall-through delay, the Input Ready 
goes HIGH. If Shift In is HIGH, the new data can be written to the 
FIFO. 

Since these FIFOs are based on an internal dual-port RAM ar- 
chitecture with separate read and write pointers, the fall-through 
time (tpr) is one cycle long. A word may be written into the FIFO on 
a clock cycle and can be accessed on the next clock cycle. 


TIMING DIAGRAMS 


SHIFT IN 1 


1 /f IN 


— i/ f|N * 


£ tsiH ^ 

f 7 

t \ 

V ! 

1 v_ 



w 

\ ► 


INPUT READY 

\ r 

"* 'iRL ^ 

r 


INPUT DATA ^ 


; mmm 



"*■ l IDS 




Figure 2. Input Timing 
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1DT72401/02/03/04 CMOS 

PARALLEL FIFO 64 X 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 


NOTE 2 


SHIFT IN 


INPUT READY 




NOTE 1 


Y 


NOTE 4 


\ 


NOTE 3 


NOTE 5 


1 


NOTE 6 




INPUT DATA 



NOTES: 

1. Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

2. Input Data is loaded into the first word. 

3. Input Ready goes LOW indicating the first word is full. 

4. The write pointer is incremented. 

5. The FIFO is ready for the next word. 

6. If the FIFO is full then the Input Ready remains LOW. 

NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (see Figure 4). 


Figure 3. The Mechanism of Shifting Data Into the FIFO 


SHIFT OUT 



/ NOTE 2 


SHIFT IN 



NOTE 3 

^ 



^ NOTE 5 


INPUT READY 


NOTE 1 

/ 


NOTE 4 


F 'iPH 


INPUT DATA 




NOTES: 

1. FIFO is initially full. 

2. Shift Out pulse is applied. 

3. Shift In is held HIGH. 

4. As soon as Input Ready becomes HIGH the Input Data is loaded into the FIFO. 

5. The write pointer is incremented. 


Figure 4. Data is Shifted In Whenever Shift In and Input Ready are Both HIGH 




IDT72401/02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 



NOTES: 

1 . This data is loaded consecutively A, B, C. 

2. Data is shifted out when Shift Out makes a HIGH to LOW transition. 

Figure 5. Output Timing 


SHIFT OUT (h 


OUTPUT READY 


OUTPUT DATA 



NOTES: 

1. Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

2. Shift Out goes HIGH causing the next step. 

3. Output Ready goes LOW. 

4. Read pointer is incremented. 

5. Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

6. If the FIFO has only one word loaded (A DATA) then Output Ready stays LOW and the A DATA remains unchanged at the outputs. 

7. Shift Out pulses applied when Output Ready is LOW will be ignored. 


Figure 6. The Mechanism of Shifting Data Out of the FIFO 
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I DT72401 /02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 



NOTE: 

1. FIFO initially empty. 

Figure 7. tp T and toPH Specification 


MASTER RESET 

INPUT READY 

OUTPUT READY 

SHIFT IN 

DATA OUTPUT 



NOTE: 

1 . Worst case. FIFO initially full. 

Figure 8. Master Reset Timing 


OUTPUT ENABLE 


DATA OUT 


NOTE: 

1 . High-Z transitions are referenced to the steady-state V OH - 500mV and V OL + 500mV levels on the output. Vi ZO g is tested with 5pF load capacitance 
instead of 30pF as shown in Figure 1. 

Figure 9. Output Enable Timing, IDT72403 and IDT72404 Only 



I DT72401 /02/03/04 CMOS 

PARALLEL FIFO 64 X 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

APPLICATIONS 



NOTE: 


1 . FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the 
devices. 


Figure 10. 128 x 4 Depth Expansion 



NOTES: 

1 . When the memory is empty , the last word read will remain on the outputs until the Master Reset is strobed or a new data word falls through to the output. 
However. OR will remain LOW. indicating data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO. the OR signal always goes LOW before there is any change in output data and stays LOW 
until the new data has appeared on the outputs. Anytime OR is HIGH, there is valid stable data on the outputs. 

3. If SO is held HIGH while the memory is empty and a word is written into the input, that word will appear atthe output after a fall-through time. OR will go 
HIGH for one internal cycle (at least t qrl ) and then go back LOW again. The stored word will remain on the outputs. If more words are written into the 
FIFO, they will line up behind the first word and will not appear on the outputs until SO has been brought LOW. 

4. When the Master Reset is brought LOW, the outputs are cleared to LOW, IR goes HIGH and OR goes LOW. If SI is HIGH when the Master Reset goes 
HIGH, the data on the inputs will be written into the memory and IR will return to the LOW state until SI is brought LOW. If SI is LOW when the Master Reset 
is ended. IR will go HIGH, but the data on the inputs will not enter the memory until SI goes HIGH. 

5. FIFOs are expandable in depth and width. However, in forming wider words, two external gates are required to generate composite Input and Output 
Ready flags. This is due to the variation of delays of the FIFOs. 


Figure 1 1 . 1 92 x 1 2 Depth and Width Expansion 
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I DT7240 1 /02/03/04 CMOS 

PARALLEL FIFO 64 x 4-BIT and 64 x 5-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDT JOQg 
Device Type 


XX 

Power 


XXX 

Speed 


XX X 

Package Process/ 

. Temperature 

j Range 


Blank Commercial (0°Cto +70°C) 


B Military (-55°Cto + 125°C) 

Compliant to MIL-STD-883, Class B 


D CERDIP 

L Leadless Chip Carrier 

P Plastic Dip 

SO Small Outline 1C 

45 Commercial Only 

35 

25 

15 

10 


Shift Frequency (MHz) 


■j L Low Power 

72401 64 x 4 FIFO 

72402 64x5 FIFO 

72403 64 x 4 FIFO with Output Enable 

72404 64 x 5 FIFO with Output Enable 




HMDS PARAI I FI 


IDT72413 



FEATURES: 

• First-ln/First-Out dual-port memory— 45MHz 

• 64 x 5 organization 

• Low power consumption 
— Active: 200mW (typical) 

• RAM-based internal structure allows for fast fall-through time 

• Asynchronous and simultaneous read and write 

• Expandable by bit width 

• Cascadable by word depth at 25MHz and 35MHz 

• Half-Full and Almost-Ful I/Empty status flags 

• IDT72413 Is pin and functionally compatible with the MMI67413 

• High-speed data communications applications 

• Bidirectional and rate buffer applications 

• High-performance CEMOS™ technology 

• Available in plastic DIP, CERDIP, LCC and SOIC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT72413 is a 64 x 5, high-speed First-In/First-Out (FIFO) 
that loads and empties data on a first-in/first-out basis. It is expand- 
able in bit width. The IDT72413 25MHz and 35MHz versions are 
cascadable in depth. 

The FIFO has a Half-Full Flag, which signals when it has 32 or 
more words in memory. The Almost-Full/Empty Flag is active 
when there are 56 or more words in memory or when there are 8 or 
less words in memory. 

The IDT72413 is pin and functionally compatible to the MMI 
67413. It operates at a shift rate of 45MHz. This makes it ideal for 
use in high-speed data buffering applications. The IDT72413 can 
be used as a rate buffer, between two digital systems of varying 
data rates, in high-speed tape drivers, hard disk controllers, data 
communications controllers and graphics controllers 

The IDT72413 is fabricated using IDT’s high-performance 
CEMOS process. This process maintains the speed and high 
output drive capability of TTL circuits in low-power CMOS. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 



Vcc 

AF/E 

SO 

OR 

Qo 

Qi 

Qj 

0 3 

0 4 
MR 


DIP/SOIC 
TOP VIEW 


LCC 

(CONSULT FACTORY) 
L20-2 


OUTPUT ENABLE 

(OF) 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


ABSOLUTE MAXIMUM RATINGS (1> 



RATING 

COMMERCIAL 

MILITARY 

man 


Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

i 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

| 'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATI NGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

^CCM 

Military t 

Supply Voltage 

m 

5.0 

5.5 

n 

^CCC 

Commercial 

Supply Voltage 

m 

5.0 

5.5 

D 

GND 

Supply Voltage 

0 

0 

0 

■■ 

V,H 

Input 

High Voltage 

2.0 

- 

- 

D 

v> 

Input 

Low Voltage 

- 

- 

0.8 

D 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

(Commercial: Vcc = 5 V +10%, T A =0°Cto +70°C, Military: V cc = 5V ±10%, T A = -55°Cto +125°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

Mc (1> 

Input Clamp Voltage 


- 

- 


'n 

Low-Level Input Current 

\fc c = Max.; GND <V, < V cc 

-10 

- 

pA 

'lH 

High-Level Input Current 

Vcc = Max-i GND <V, < V^ 

- 

10 

pA 

V 0L 

Low-Level Output Voltage 

HH 

'OL (Gq-4 ) 

MIL. 

12mA 

- 

0.4 

■ 

COM’L 

24mA 

'ol (IR. °R) (2) 

8mA 

Iol (HF. AF/E) 

8mA 

V 0H 

High-Level Output Voltage 

c 

5 

II 

'oH (G 0 - 4 ) 

-4mA 

B 

- 

B 

'oh (IR. OR) 

-4mA 

l 0H (HF, AF/E) 

-4mA 

'os' 3 ' 

Output Short-Circuit Current 

Vfcc = Max. 

v 0 = ov 

-20 

-90 

mA 

'hz 

Off-State Output Current 

Vcc = Max. 

V 0 = 2.4V 

- 

+ 20 

PA 

'lz 

M-,c = Max. 

V 0 = 0.4V 

-20 

- 

'cc< 4 > 

Supply Current 

Vcc = Max. Inputs LOW, Outputs Open, 
f = 25MHz 

MIL. 

- 

70 

mA 

COM’L. 

- 

60 

mA 


NOTES: 

1. FIFO is able to withstand a -1.5V undershoot for less than 10ns. 

2. Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25MHz. 

3. Not more than one output should be.shorted at a time and duration of the short circuit test should not exceed one second. 

4. Frequencies greater than 25MHz, Ice = 60mA + (1.5mA x [f - 25MHz]) commercial and Ice = 70mA + (1.5mA x [f - 25MHz]) military. 

















































































































IDT72413 CMOS PARALLEL 

64 x 5-BIT FIFO WITH FLAGS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


OPERATING CONDITIONS 

(Commercial: V cc = 5V ±10%, T A =0°Cto +70°C, Military: V cc = 5V±10%,T A = -55°Cto +125°C) 





MILITARY AND COMMERCIAL 

COMMERCIAL 


SYMBOL 

PARAMETER 

FIGURE 

IDT72413L45 

MIN. MAX. 

IDT72413L35 

MIN. MAX. 

IDT72413L25 

MIN. MAX. 

UNIT 

tsiH* 1 * 

Shift In HIGH Time 

2 

9 

- 

9 

16 

- 

ns 

tsiL* 1 ) 

Shift In LOW Time 

2 

11 

. - 

17 

20 

- 

ns 

t|DS 

Input Data Set-Up 

2 

0 

- 

0 

0 

- 

ns 

t|DH 

Input Data Hold Time 

2 

13 

- 

15 

25 

- 

ns 

tsOH* 11 

Shift Out HIGH Time 

5 

9 

- 

9 

16 

- 

ns 

tSOL 

Shift Out LOW Time 

5 

11 

- 

17 

20 

- 

ns 

<MRW 

Master Reset Pulse 

8 

20 

- 

30 

35 


ns 

tMRS 

Master Reset to SI 

8 

20 

- 

35 

35 

- 

ns 


AC ELECTRICAL CHARACTERISTICS 

(Commercial: V cc = 5V ±10%, T A =0°Cto +70°C, Military: V cc = 5V ±10%, T A = -55°Cto +125°C) 





MILITARY AND COMMERCIAL 

COMMERCIAL 


SYMBOL 

PARAMETER 

FIGURE 

IDT72413L45 

MIN. MAX. 

IDT72413L35 
MIN. MAX. 

IDT72413L25 
MIN. MAX. 

UNIT 

f|N 

Shift In Rate 

2 

- 

45 

- 

35 

- 

25 

MHz 

W" 

Shift In "f to Input Ready LOW 

2 

18 

- 

18 

- 

28 

ns 

W’> 

Shift In j. to Input Ready HIGH 

2 

- 

18 

- 

20 

- 

25 

ns 

f OUT 

Shift Out Rate 

5 

- 

45 

- 

35 

- 

25 

MHz 

*ori. !1) 

Shift Out | to Output Ready LOW 

5 

- 

18 

- 

18 

- 

28 

ns 

mo 

Shift Out | to Output Ready HIGH 

5 

- 

18 

- 

20 

- 

25 

ns 

t0DH (1 ) 

Output Data Hold Previous Word 

5 

5 

- 

5 

- 

5 

- 

ns 

toDS 

Output Data Shift Next Word 

5 

- 

20 

- 

20 

- 

20 

ns 

tpT 

Data Throughput or "Fall-Through" 

4,7 

- 

25 

- 

28 

- 

40 

ns 

1 MRORL 

Master Reset J. to Output Ready LOW 

8 

- 

25 

- 

28 

- 

30 

ns 

*MRIRH 

Master Reset f to Input Ready HIGH 

8 

- 

25 

- 

28 

- 

30 

ns 

*mrirl <2) 

Master Reset | Input Ready LOW 

8 

- 

25 

- 

28 

- 

30 

ns 

*MRQ 

Master Reset J. to Outputs LOW 

8 

- 

20 

- 

25 

- 

35 

ns 

l MRHF 

Master Reset J. to Half-Full Flag 

8 

- 

25 

- 

28 

- 

40 

ns 

*MRAFE 

Master Reset j to AF/E Flag 

8 

- 

25 

- 

28 

- 

40 

ns 

*IPH 

Input Ready Pulse HIGH 

4 

5 

- 

5 


5 

- 

ns 

toPH 

Output Ready Pulse HIGH 

7 

5 

- 

5 

- 

5 

- 

ns 

*ORD 

Output Ready f HIGH to Valid Data 

5 

- 

5 

- 

5 

- 

7 

ns 

*AEH 

Shift Out t to AF/E HIGH 

9 

- 

28 

- 

28 

- 

40 

ns 

*AEL 

Shift In f to AF/E 

9 

- 

28 

- 

28 

- 

40 

ns 

UfL 

Shift Out f to AF/E LOW 

10 

- 

28 

- 

28 

- 

40 

ns 

*AFH 

Shift In | to AF/E HIGH 

10 

- 

28 

- 

28 

- 

40 

ns 

Wh 

Shift In t to HF HIGH 

11 

- 

28 

- 

28 


40 

ns 

Wl 

Shift Out t to HF LOW 

11 

- 

28 

- 

28 

- 

40 

ns 

tpHZ 

Output Disable Delay 

12 

- 

12 

- 

12 

- 

15 

ns 

tpLZ 

12 

- 

12 

- 

12 


15 

ns 

IpZL 

Output Enable Delay 

12 

- 

15 

- 

15 

- 

20 

ns 

tpZH 

12 

- 

15 

- 

15 

- 

20 

ns 


NOTES: 


1 . Since the FIFO is a very high-speed device, care must be taken in the design of the hardware and the timing utilized within the design. Device grounding and 
decoupling is crucial to correct operation as the FIFO will respond to very small glitches due to long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. A monolithic ceramic capacitor of O.lpF directly between Vcc and GND with very short lead length is recommended. 

2. If the FIFO is not full, (IR = HIGH), MRJ. forces IR to go LOW, and MPtf causes IR to go HIGH. 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 

CAPACITANCE (T a = +25 °c, f 

= 1.0MHz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

v,N= ov 

5 

PF 

CoUT 

Output Capacitance 

V 0 UT= ov 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 

2. Characterized values, not currently tested. 


STANDARD TEST LOAD DESIGN TEST LOAD 

5V 5V 




‘Includes jig and scope capacitances. 


RESISTOR VALUES FOR STANDARD TEST LOAD 


lOL 

R1 

R2 

24mA 

200Q 

1 

12mA 

3900 

H 

8mA 

6000 

12000 


Figure 1. Output Load 


FUNCTIONAL DESCRIPTION: 

The IDT72413, 65 x 5 FIFO is designed using a dual-port RAM 
architecture as opposed to the traditional shift register approach. 
This FIFO architecture has a write pointer, a read pointer and con- 
trol logic, which allow simultaneous read and write operations. The 
write pointer is incremented by the falling edge of the Shift In (SI) 
control; the read pointer is incremented by the falling edge of the 
Shift Out (SO). The Input Ready (IR) signals when the FIFO has an 
available memory location; Output Ready (OR) signals when there 
is valid data on the output. Output Enable (OE) provides the 
capability of three-stating the FIFO outputs. 

FIFO RESET 

The FIFO must be reset upon power up using the Master Reset 
(MR) signal. This causes the FIFO to enter an empty state signified 
by Output Ready (OR) being LOW and Input Ready (IR) being 
HIGH. In this state, the data outputs (Qcm) will be LOW. 

DATA INPUT 

Data is shifted in on the LOW-to-HIGH transition of Shift In (SI). 
This loads input data into the first word location of the FIFO and 
causes the Input Ready to go LOW. On the HIGH-to-LOW transition 
of Shift In, the write pointer is moved to the next word position and 
Input Ready (IR) goes HIGH indicating the readiness to accept new 
data. If the FIFO is full, Input Ready will remain LOW until a word of 
data is shifted out. 


DATA OUTPUT 

Data is shifted out on the HIGH-to-LOW transition of Shift Out 
(SO). This causes the internal read pointer to be advanced to the 
next word location. If data is present, valid data will appear on the 
outputs and Output Ready (OR) will go HIGH. If data is not present, 
Output Ready will stay LOW indicating the FIFO is empty. The last 
valid word read from the FIFO will remain at the FIFO's output 
when it is empty. When the FIFO is not empty, Output Ready (OR) 
goes LOW on the LOW-to-HIGH transition of Shift Out. 

FALL-THROUGH MODE 

The FIFO operates in a Fall-Through Mode when data gets 
shifted into an empty FIFO. After the fall-through delay the data 
propagates to the output. When the data reaches the output, the 
Output Ready (OR) goes HIGH. 

A Fail-Through Mode also occurs when the FIFO is completely 
full. When data is shifted out of the full FIFO, a location is available 
for new data. After a fall-through delay, the Input Ready goes HIGH. 
If Shift In is HIGH, the new data can be written to the FIFO. The fall- 
through delay of a RAM-based FIFO (one clock cycle) is far less 
than the delay of a shift register-based FIFO. 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 

SIGNAL DESCRIPTIONS: 

INPUTS: 

DATA INPUT (D0-4) 

Data input lines. The IDT72413 has a 5-bit data input. 

CONTROLS: 

SHIFT IN (SI) 

Shift In controls the input of the data into the FIFO. When SI is 
HIGH, data can be written to the FIFO via the Dcm lines. The data 
has to meet set-up and hold time requirements with respect to the 
rising edge of SI. 

SHIFT OUT (SO) 

Shift Out controls the output data from the FIFO. 

MASTER RESET (MR) 

Master Reset clears the FIFO of any data stored within. Upon 
power up, the FIFO should be cleared with a Master Reset. Master 
Reset is active LOW. 

HALF-FULL FLAG (HF) 

Half-Full Flag signals when the FIFO has 32 or more words in it. 


TIMING DIAGRAMS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


INPUT READY (IR) 

When Input Ready is HIGH, the FIFO is ready for new input data 
to be written to it. When IR is LOW, the FIFO is unavailable for new 
input data. Input Ready is also used to cascade many FIFOs 
together, as shown in Figure 13 in the Applications section. 

OUTPUT READY (OR) 

When Output Ready is HIGH, the output (Q0-4) contains valid 
data. When OR is LOW, the FIFO is unavailable for new output 
data. Output Ready is also used to cascade many FIFOs together, 
as shown in Figure 13 in the Applications section. 

OUTPUT ENABLE (OE) 

Output Enable is used to enable the FIFO outputs onto a bus. 
Output Enable is active LOW. 

ALMOST-FULL/EMPTY FLAG (AFE) 

Almost-Full/Empty Flag signals when the FIFO is 7/8 full (56 or 
more words) or 1/8 from empty (8 or less words). 

OUTPUTS: 

DATA OUTPUT (Q0-4) 

Data output lines, three-state. The IDT72413 has a 5-bit output. 



6-84 




IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 


SHIFT IN < 7 > 


INPUT READY 


INPUT DATA 


NOTE 2 




jL 


NOTE 1 


Y 


NOTE 4 


Y 


NOTE 3 


NOTE 5 


Z 


NOTE 6 


_V. 


STABLE DATA 


NOTES: 

1. Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

2. Input Data is loaded into the FIFO. 

3. Input Ready goes LOW indicating the FIFO is unavailable for new data. 

4. The write pointer is incremented. 

5. The FIFO is ready for the next word. 

6. If the FIFO is full, then the Input Ready remains LOW. 

7. Shift In pulses applied while Input Ready is LOW will be ignored (see Figure 4). 



Figure 3. The Mechanism of Shifting Data Into the FIFO 


SHIFT OUT 


SHIFT IN 





NOTE 2 


NOTE 3 

^ 




NOTE 5 


INPUT READY 


NOTE 1 

/ 


NOTE 4 


— t 1PH — ^ 



NOTES: 

1. FIFO is initially full. 

2. Shift Out pulse is applied. 

3. Shift In is held HIGH. 

4. As soon as Input Ready becomes HIGH the Input Data is loaded into the FIFO. 

5. The write pointer is incremented. Shift In should not go LOW until (tpq- + t, PH ). 

Figure 4. Data is Shifted In Whenever Shift In and Input Ready are Both HIGH 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FUGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 



NOTES: 

1 . This diagram is loaded consecutively. A, B. C. 

2. Output data changes on the falling edge of SO after a valid Shift Out sequence, i.e., OR and SO are both high together. 

Figure 5. Output Timing 


SHIFT OUT* 7 * 


OUTPUT READY 


OUTPUT DATA 


NOTE 2 r 




NOTE 1 




NOTE 3 


A-DATA 


\ 


NOTE 4 


NOTE 5 r 


\ 


NOTE 6 



NOTES: 

1. Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

2. Shift Out goes HIGH causing the next step. 

3. Output Ready goes LOW. 

4. Read pointer is incremented. 

5. Output Ready goes HIGH indicating that new data (B) will be available at the FIFO outputs after to RD ns. 

6. If the FIFO has only one word loaded (A-DATA), Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 

7. Shift Out pulses applied when Output Ready is LOW will be ignored. 


Figure 6. The Mechanism of Shifting Data Out of the FIFO 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING DIAGRAMS (Continued) 

SHIFT OUT 


ALMOST FULL/EMPTY 


SHIFT IN 


NOTE: 

1. FIFO contains 9 words (one more than Almost-Empty). 



Figure 9. t AEH and t AEL Specifications 


SHIFT IN 


ALMOST FULL/EMPTY 


SHIFT OUT 


NOTE: 

1. FIFO contains 55 words (one short of Almost-Full). 



Figure 10.t AFH andt AFL Specifications 



NOTE: 

1. FIFO contains 31 words (one short of Half-Full). 

Figure 11. t HFL and t HFH Specifications 


NOTES: 


UE ^ 

tpZL 

rs. 



l — 


tpLZ 


r— f— 



WAVEFORM 1 <’> 

l PZH 

\ 

f V T 

t PHZ 


0.5V* 

0.5V* 



WAVEFORM 2 (Z) -j 

— OV 



3V 

OV 


1.5V 

Vol 


1.5V 


1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


Figure 12. Enable and Disable 
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IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


APPLICATIONS 



NOTE: 

1 . FI FOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This 
requirement is due to the different fall-through times of the FIFOs. 


Figure 13. 64x15 FIFO with IDT72413 



HALF-FULL FLAG 


NOTE: 

1. Cascading the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13. 


Figure 14. Application for IDT72413 for Two Asynchronous Systems 







IDT72413 CMOS PARALLEL 
64 x 5-BIT FIFO WITH FLAGS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



NOTE: 

1 . FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the 
devices. 

Figure 15.128x5 Depth Expansion 


ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic Dip 
CERDIP 

Leadless Chip Carrier 
Small Outline 1C 


Commercial Only 


Shift Frequency (MHz) 


Low Power 

64 x 5-Bit FIFO with Flags 





IK x 18-BIT -2Kx 9-BIT 
CMOS BiFlFO 


ADVANCE 

INFORMATION 

IDT7252 


FEATURES: 

• Bidirectional First-In/First-Out (FIFO) memory 

• Back-to-back IKxl 8-bit and 2Kx9-bit FIFO organization 

• Facilitates processor-to-peripheral and processor-to-processor 
communication 

• Matches mixed bus widths: 16-bit to 8-bit buses and 32-bit to 
8-bit buses 

• Easy interface to microprocessor bus 

• Asynchronous and simultaneous read and write operations 

• Parity check and generate 

• Convenient request/acknowledge interface program option for 
interface to peripherals 

• Eight software programmable status Empty/Full Flags (offset 
and polarity) selectable onto four output pins 

• Typical interface applications include microprocessor to 
floppy/hard disk controllers, microprocessor to SCSI bus, 
microprocessor to Local Area Network (LAN) controllers and 
microprocessor to 8-bit microcontroller 

• Available in 48-pin DIP, and 70 mil center SHRINK-DIP and 
surface mount 52-pin LCC and PLCC 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

FIFOs are used to link microprocessors and peripherals 
together asynchronously for sending and receiving data and com- 
mands. Often the data or commands must be sent in both direc- 
tions. The IDT7252 BiFlFO is a compact, highly integrated solution 
to simplifying data transfer between two processors or a processor 
and peripheral of different bus bandwidths. Using the BiFlFO can 


quadruple system throughput performance of the peripheral inter- 
face by eliminating inefficiencies associated with widely varying, 
mismatched bus widths. The BiFlFO can handle data transfers be- 
tween 16-bit to 8-bit buses and 32-bit to 8-bit buses. 

The BiFlFO can be accessed on either side by a microprocessor 
orbit-slice machine. It contains a1Kx18-bit FIFO in both directions. 
The 8-bit port views a 2Kx9-bit FIFO instead of a 1Kx18-bit FIFO. 
The ninth bit of this FIFO is available for control or parity and can be 
stored in the FIFO array or parity can be checked or generated. A 
unique data bypass mode allows for synchronous communication 
between two devices for initialization. Later asynchronous commu- 
nications can occur via the FIFOs. 

To ease connection to peripherals and reduce parts count, a 
request/acknowledge-type handshake is included that utilizes 
Request (REQ) and Acknowledge (ACK) signals. A microproces- 
sor-type interface generates read and write strobes and accesses 
the internal read and write pointers. 

Four status flags can be programmed to access any one of eight 
internal flags. Four Full/Empty Flags can be chosen, as well as four 
Full + Offset or Empty + Offset Flags. The offset value can be deter- 
mined by the user. The polarity of the flags can also be set by the 
user. 

The BiFlFO has an innovative Reread (RER) and Rewrite (REW) 
capability. The internal read and write pointers can be set to a posi- 
tion determined by the user through a control register. Then, upon 
signalling the RER input, the read pointer is reset to the initial posi- 
tion and data is read again. With signalling REW, the write pointer is 
reset to the initial position and data is written again. 

The BiFlFO is available in a 48-pin DIP, 48-pin 70 mil center 
SHRINK-DIP and surface mount 52-pin LCC and PLCC packages. 
Military grade product is manufactured in compliance with the lat- 
est revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 


CS A 

D3 a 

R/W a 

a i.oa 


flag a 

FLAG a 

FLAG C 

FLAG D 



REREAD 

r/w b 

REWRITE 


REQ 

ACK 

CLK 


CEMOS and BiFlFO are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


DSC-2016/- 
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CMOS PARALLEL 
IN-OUT FIFO MODULE 
2K x 9-BIT & 4K x 9-BIT 


IDT7M203S 

IDT7M204S 


FEATURES: 

• First-In, First-Out memory module 

• 2K x 9 organization (IDT7M203S) 

• 4K x 9 organization (IDT7M204S) 

• Low-power consumption 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Single 5V (±10%) power supply 

• Master/slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and full warning flags 

• High-performance CEMOS™ technology 

• Pin compatible with I DT7201 andMostekMK4501, but with four 
times word depth (IDT7M203S) or eight times (IDT7M204S) 

• Module available with semiconductor components 100% 
screened to MIL-STD-883, Class B 



PIN NAMES 


w = 

WRITE 

FL = 

FIRST LOAD 

XI = 

EXPANSION IN 

EF = 

EMPTY FLAG 


D = 

DATA IN 

XO = 

EXPANSION 

OUT 

V CC = 

5V 

RS = 
RESET 

Q = 

DATA OUT 

FF = 

FULL FLAG 

GND = 
GROUND 


DESCRIPTION: 

The I DT7M 203/204 are FIFO memory modules that utilize a 
special First-In, First-Out algorithm that loads and empties data 
on a first-in, first-out basis. The device uses full and empty flags 
to prevent data overflow and underflow and expansion logic to 
allow for unlimited expansion capability in both word size and 
depth. 

The reads and writes are internally sequential through the use 
of ring pointers, with no address information required to load and 
unload data. Data is toggled in and out of the device through the 
use of the WRITE (W) and READ (R) pins. The device has a 
read/write cycle time of 65ns (15MHz) for commercial and 70ns 
(14MHz) for military temperature ranges. 

The device utilizes a 9-bit wide data array to allow for control 
and parity bits at the user’s option. This feature is especially 
useful in data communications applications where it is necessary 
to use a parity bit for transmission/reception error checking. 

The IDT7M203/204 are constructed on a multi-layered ceramic 
substrate using four IDT7201 (512x9) or four IDT7202 (1Kx9) 
FIFOs in leadless chip carriers. Extremely high speeds are 
achieved in this fashion due to the use of IDT7201sand IDT7202s 
fabricated in IDT’s high-performance CEMOS technology. 

IDT's military FIFO modules have semiconductor components 
100% processed to the test methods of MIL-STD-883, Class B, 
making them ideally suited to applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 


DO - D8 
Q0-Q8 

W 

Xo 


FL 

Vcc 

FF 

EF 



DUAL 4-INPUT OR GATE 


CEMOS is a trademark of Integrated Device Technology, Inc, 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Printed in U.S.A. 


JULY 1986 


© 1986 Integrated Device Technology, Inc. 
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FEATURES: 

• First-In/First-Out memory module 

• 8K x 9 organization (IDT7M205S) 

• 16K x 9 organization (IDT7M206S) 

• Low power consumption 

— Active: 840mW (typ. Com’l.) 

- Power Down: 176mW (max. Com’l) 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Single 5V (±10%) power supply 

• MASTER/SLAVE multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and Full warning flags 

• High-performance CEMOS ™ technology 

• Pin-compatible with IDT7201 and Mostek MK4501, but with 16 
times word depth (IDT7M205S) or 32 times (IDT7M206S) 

• Module available with semiconductor components compliant to 
MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M205S/206S are FIFO memory modules constructed 
on a multi-layered ceramic substrate using four IDT7203 (2K x 9) or 
four IDT7204 (4K x 9) FIFOs in leadless chip carriers. Extremely 
high speeds are achieved in this fashion due to the use of IDT7203s 
and 1DT7204S fabricated in IDT’s high-performance CEMOS tech- 
nology. These devices utilize a special First-In/First-Out algorithm 
that loads and empties data on a first-in/first-out basis. The device 
uses Full and Empty flags to prevent data overflow and underflow 
and expansion logic to allow for unlimited expansion capability in 
both word size and depth. ^ 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data_is toggled in and out of the device through the use 
of the WRITE (W) and READ (R) pins. The devices have a read/ 
write cycle ti me of 50ns (25M Hz) for commercial and 65ns (1 5M Hz) 
for military temperature ranges. 

The devices utilize a 9-bit wide data array to allow for control and 
parity bits at the user’s option. This feature is especially useful in 
data communications applications where it is necessary to use a 
parity bit for transmission/reception error chocking. 

IDT’s Military FIFO modules have semiconductor components 
manufactured in compliance with the latest rovlslon of MIL- 
STD-883, Class B, making them ideally suited to applications de- 
manding the highest level of performance and reliability. 



DIP 

TOP VIEW 


PIN NAMES 


w = 

FL = 

XI = 

EF = 

WRITE 

FIRST LOAD 

EXPANSION IN 

EMPTY FLAG 

R = 

D = 

XO = 

Vqc = 

READ 

DATAin 

EXPANSION OUT 

5V 

RS = 

Q = 

FF = 

GND = 

RESET 

DATAqut 

FULL FLAG 

GROUND 


FUNCTIONAL BLOCK DIAGRAM 



DUAL 4-INPUT OR GATE 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 

DSC-7027/- 
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DIGITAL SIGNAL PROCESSING 


Digital Signal Processing (DSP) building block components 
ease the high bandwidth digital processing of analog signals using 
complex algorithms. Integrated Device Technology’s advances in 
VLSI design and CMOS technology have accelerated develop- 
ment of high-speed DSP building block components which 
address similar advances in DSP algorithms. All IDT DSP 
components are designed with a three-bus architecture, ideal for 
high bus bandwidth systems. These components can be divided 
into two categories: fixed-point components and floating-point 
components. 

Fixed-point multipliers, multiplier-accumulators, multi-level 
pipeline register files and DSP arithmetic-logic units offer 
high-performance functions for 12-bit and 16-bit data. IDT offers 


the fastest fixed-point building blocks in the industry for the most 
demanding DSP system requirements. 

Floating-point multipliers and ALUs operate in 32-bit and 64-bit 
IEEE Standard 754 floating-point format required in systems of the 
highest performance and precision. The floating-point format 
eliminates the shifting and scaling of data frequently performed in 
fixed-point. The IDT floating-point multiplier and ALU perform in 
the pipeline mode for systems needing the highest throughput and 
in the flow-through mode for systems needing maximum flexibility. 

IDT’s goal is to provide the highest level of integration and 
highest performance components for the most demanding DSP 
systems. 
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12 x 12-BIT PARALLEL CMOS 

IDT7209L 

MULTIPLIER-ACCUMULATOR 



FEATURES: 

• 12 x 12-bit parallel multiplier-accumulator with selectable 
accumulation and subtraction 

• High-speed: 45ns maximum multiply-accumulate time 

• Selectable accumulation, subtraction, rounding and preloading 
with 27-bit result 

• Pin and functionally compatible with the TRW TDC1009J 

• Performs subtraction and double precision addition and 
multiplication 

• Produced using advanced CEMOS ™ high-performance 
technology 

• Low power consumption (less than 150mW typical) — less than 
1/10 the power of compatible bipolar 

• Inputs and outputs directly TTL-compatible 

• Single 5V supply 

• Available in topbraze DIP, LCC and Pin Grid Array 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7209 is a high-speed, low-power 12 x 12 parallel multi- 
plier-accumulator that is ideally suited for real-time digital signal 
processing applications. Fabricated using IDT’s CEMOS silicon 
gate technology, this device offers a very low-power alternative to 
existing bipolar and NM OS counterparts, with only 1/10 the power 
dissipation and exceptional speed (45ns maximum) performance. 
A pin and functional replacement for TRW’s TDC1009J, the 


1DT7209 operates from a single 5 volt supply and is compatible 
with standard TTL logic levels. The architecture of the IDT7209 is 
fairly straightforward, featuring individual input and output regis- 
ters with clocked D-type flip-flops, a preload capability which en- 
ables input data to be preloaded into the output registers, individ- 
ual three-state output ports for the Extended Product (XTP) and 
Most Significant Product (MSP) and a Least Significant Product 
(LSP) output. 

The Xin and Yin data input registers may be specified through 
the use of the Two’s Complement input (TC) as either two’s com- 
plement or an unsigned magnitude, yielding a full-precision 24-bit 
result that may be accumulated to a full 27-bit result. The three out- 
put registers- Extended Product (XTP), Most Significant Product 
(MSP) and Least Significant Product (LSP)— are controlled by the 
respective TSX, TSM and TSL input lines. 

The Accumulate input (ACC) enables the device to perjorm 
either a multiply or a multiply-accumulate function. In the multiply- 
accumulate mode, output data can be added to or subtracted from 
subsequent results. When the Subtraction (SUB) input is active si- 
multaneously with an active ACC, a subtraction can be performed. 

The double precision accumulated result is rounded down to ■ 
either a single precision or single precision plus 3-bit extended re- 
suit. In the multiply mode, the Extended Product output (XTP) is 
sign extended in the two’s complement mode or set to zero in the 
unsigned mode.The Round (RND) control rounds up the Most Sig- 
nificant Product (MSP) and the 3-bit Extended Product (XTP) out- 
puts. When Preload input (PREL) is active, all the output buffers are 
forced into a high-impedance state (see Preload truth table) and 
external data can be loaded into the output register by using the 
TSX, TSL and TSM signals as input controls. 


FUNCTIONAL BLOCK DIAGRAM 
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IDT7209L 12 x 12-BIT PARALLEL 
CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 



RATING 

COMMERCIAL 

MILITARY 

m 

IS! 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

T A 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

1 

Storage 

Temperature 

-55 to +125 

-65 to +155 

Q 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V CCM 

Military Supply 
Voltage 

□ 

5.0 

5.5 

V 

V CC 

Commercial 

Supply Voltage 

m 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,h 

Input High Voltage 

2.0 

- 

- 

V 

V,L 

Input Low Voltage 

- 

- 

0.8 

V 




DC ELECTRICAL CHARACTERISTICS -FAST 

(Commercial Vcc= 5V ±10%, T A = 0°Cto +70°C, Military V cc = 5V ±10%, T A = -55°Cto + 125°C 
for Commercial clocked multiply times of 45, 55,65ns or Military, 55, 65. 75ns) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 
MIN. TYP.0) MAX. 

MIN. 

MILITARY 
TYP.d) MAX. 

UNIT 

msm 

Input Leakage Current 


- 

- 

10 

- 

- 

20 

pA 

■ 

Output Leakage Current 

Hi Z, Vqq — Max., Vqjt — 0 to Vqq 

- 

- 

10 

- 

- 

20 

M-A 

'cc (2) 

Operating Power Supply Current 

Outputs Open Measured at 10MHz f 2 ) 

- 

40 

80 

- 

40 

100 

mA 

'USUI 

Quiescent Power Supply Current 

y N >v IH ,v IN <V IL 

- 

20 

50 

- 

20 

50 

mA 

'cCQ2 

Quiescent Power Supply Current 

V,N > v cc -0.2V, V IN < 0.2V 

- 

4 

20 

- 

4 

25 

mA 

l C c /f (2. 3) 

Increase in Power 

Supply Current/MHz 


- 

- 

6 

- 

- 

8 

mA/ 

MHz 

V OH 

Output High Voltage 

V cc = Min., I 0H = -2.0mA 

2.4 

- 

- 

2.4 

- 

- 

V 

Y<x 

Output Low Voltage 

V cc = Min., Iql = 8mA 

- 

- 

0.4 

- 

- 

0.4 

V 


NOTE: 

1. Typical implies V cc = 5VandT A = +25°C. 

2. Icq is measured at 10MHz and y N = 0to3V. For frequencies greater than 10MHz, the following equation is used for the commercial range: Ice = 80 + 
6(f - 10)mA, where f = operating frequency in MHz. For the military range, Iqc = 100 + 8(f - 10) where 1 = operating frequency in MHz, f = 1A ma . 

3. For frequencies greater than 10MHz. 
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IDT7209L 12 x 12-BIT PARALLEL 
CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS -SLOW 

(Commercial V cc = 5V ±10%, T A = 0°C to +70°C, Military V cc = 5V ±10%, T A = -55°C to + 125°C 
for Commercial clocked multiply times of 100, 135ns or Military, 120, 170ns) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 
MIN. TYP.O) MAX. 

MILITARY 

MIN. TYP.O) MAX. 

UNIT 

■fflHI 

Input Leakage Current 

Vcc = Max.,V IN = 0VtoV cc 

- 

- 

2 

- 

10 

j±A 

— 

Output Leakage Current 

Hi Z, Vqc = Max., Vour = 0 to Vcc 

- 

- 

2 

- 

10 

JJ.A 

'cc <2) 

Operating Power Supply Current 

Outputs Open Measured at 10MHz (2 > 

- 

30 

60 

30 

80 

mA 

’cCOI 

Quiescent Power Supply Current 

V|N 5 V, H . V IN <V IL 

- 

10 

30 

10 

30 

mA 

'0002 

Quiescent Power Supply Current 

Yn 5 V cc -0.2V, V IN < 0.2 V 

- 

0.1 

1.0 

0.1 

2.0 

mA 

I 2, 3 I 

Increase in Power 

Supply Current/MHz 


- 

- 

5 

- 

7 

mA/ 

MHz 

V 0 H 

Output High Voltage 

v cc = Min., ( oh = -2.0mA 

2.4 

- 

- 

2.4 

V 

VoL 

Output Low Voltage 

Vcc = Min., bi = 

- 

- 

0.4 

- 

0.4 

V 


NOTE: 

1. Typical implies V cc = 5VandT A = +25°C. 

2. I cc is measured at 10MHz and V| N = 0 to 3V. For frequencies greaterthan 10MHz, the following equation is used for the commercial range: l cc = 60 + 
5(f - 10)mA, where f = operating frequency in MHz. For the military range, I cc = 80 + 7(f - 10) where f = operating frequency in MHz, f = 1/t MA . 

3. For frequencies greater than 10MHz. 


AC ELECTRICAL CHARACTERISTICS COMMERCIAL (v cc = 5V±io%,t a = o°cto +70°C) 


SYMBOL 

PARAMETER 

IDT7209L45 
MIN. MAX. 

IDT7209L65 
MIN. MAX. 

IDT7209L100 
MIN. MAX. 

IDT7209L135 
MIN. MAX. 

UNIT 

TEST LOAD 
FIGURE 

<ma 

Multiply-Accumulate Time 

- 

45 

- 

65 

- 

100 

- 

135 

ns 

1 


Output Delay 

- 

25 

- 

35 

- 

35 

- 

40 

ns 

1 

*ENA 

3 State Enable Time U> 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

2 

Idis 

3 State Disable Time (1 * 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

2 

ts 

Input Register Set-up Time 

15 

- 

25 

- 

25 

- 

25 

- 

ns 

- 

t H 

Input Register Hold Time 

3 

- 

3 

- 

0 

- 

0 

- 

ns 

- 

tpw 

Clock Pulse Width 

15 

- 

25 

- 

25 

- 

25 

- 

ns 

- 


NOTE: 

1 . Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 


AC ELECTRICAL CHARACTERISTICS MILITARY (v cc = 5V±io%,t a = -55°cto +i 25 °c> 


SYMBOL 


IDT7209L55 

IDT7209L75 

IDT7209L120 

IDT7209L1 70 

UNIT 

TEST LOAD 

PARAMETER 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

FIGURE 

l MA 

Multiply-Accumulate Time 

- 

55 

- 

75 

- 

120 

- 

170 

ns 

1 


Output Delay 

- 

30 

- 

35 

- 

40 

- 

45 

ns 

1 

*ENA 

3 State Enable Time 0) 

- 

30 

- 

35 

- 

40 

- 

45 

ns 

2 

tois 

3 State Disable Time! 1 ) 

- 

30 

- 

35 

- 

40 


45 

ns 

2 


Input Register Set-up Time 

20 

- 

25 

- 

30 

- 

30 

- 

ns 

- 

t H 

Input Register Hold Time 

3 

- 

3 

- 

0 

- 

0 

- 

ns 

- 

t PW 

Clock Pulse Width 

20 

- 

30 

- 

30 

- 

30 

- 

ns 

- 


NOTE: 


1. Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 
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IDT7209L 12 x 12-BIT PARALLEL 
CMOS MULTIPLIER-ACCUMULATOR 


AC TEST CONDITIONS 

Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


v cc 



Figure 1. AC Output Test Load 



Figure 3. Set-Up And Hold Time 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

10 

pF 

^OLTT 

Output Capacitance 

Vqut= 0V 

12 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


TO 

OUTPUT 

PIN 


5000 


40pF=p 


-r Vv 


Figure 2. Output Three-State 
Delay Load 
(V x = OV or 2.6V) 




Figure 4. Three-State Control Timing Diagram 
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IDT7209L 12 x 12-BIT PARALLEL 
CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


INPUT 

INPUT 

CLOCK 

OUTPUT 

CLOCK 

PRELOAD 

THREE-STATE 

CONTROL 

OUTPUT 



Figure 5. Timing Diagram 


SIGNAL DESCRIPTIONS: 

INPUTS: 

X,„ (Xu - Xo) 

Multiplicand Data Inputs 
Yin (Y„ - Y 0 ) 

Multiplier Data Inputs 

INPUT CLOCKS: 

CLKX, CLKY 

Input data is loaded on the rising edge of these clocks. 

CONTROLS: 

ACC (Accumulate) 

WhenACC is high, the contents of the XTP, MSPand LSPregis- 
ters are added to or subtracted from the multiplier output. When 
ACC is low, the device acts as a simple multiplier with no accumu- 
lation being performed and the next product generated will be 
stored directly into the output registers. The ACC signal is loaded 
on the rising edge of the CLKX or CLKY and must be valid for the 
duration of the data input. 

SUB (Subtract) 

When the ACC and SUB signals are both high, the contents of 
the output register are subtracted from the next product generated 
and the difference is stored back into the output registers at the ris- 
ing edge of the next CLKP. When ACC is high and SUB is low, an 
addition instead of a subtraction is performed. Like the ACC signal, 
the SUB signal is loaded into the SUB register at the rising edge of 
either CLKX or CLKY and must be valid over the same period as the 
input data is valid. When the ACC is low, SUB acts as a “don’t care” 
input. 


TC (Two’s Complement) 

When the TC Control is high, it makes both the X and Y input 
two’s complement inputs. When the TC Control is low, it makes 
both inputs, X and Y, unsigned magnitude inputs. 

RND (Round) 

A high level at this input adds a “ 1 ” to the most significant bit of 
the LSP to round up the XTP and MSP data. RND, like ACC and 
SUB, is loaded on the rising edge of either CLKX or CLKY and must 
be valid for the duration of the input data. 

PREL (Preload) 

When the PREL input is high, the output is driven to a high im- 
pedance state. When the TSX, TSL and TSM inputs are also high, 
the contents of the output register can be preset to the preload data 
applied to the output pins at the rising edge of CLKP. The PREL, 
TSM, TSL and TSX inputs must be valid over the same period that 
the preload input is valid. 

TSX, TSL, TSM (Three State Output Controls) 

The XTP, MSP and LSP registers are controlled by direct non- 
registered control signals. These output drivers are at high imped- 
ance (disabled) when control signals TSX, TSM and TSL are high 
and are enabled when TSX, TSM and TSL are low. 

OUTPUT CLOCK: 

CLKP 

Output data is loaded into the output register on the rising edge 
of this clock. 

OUTPUTS: 

XTP (P 26 - P 24 ) 

Extended Product Output (3-bits) 

MSP (P 23 - P12) 

Most Significant Product 

LSP (Pn - Po) 

Least Significant Product 
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IDT7209L 12 x 12-BIT PARALLEL 

CMOS MULTIPLIER-ACCUMULATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PRELOAD TRUTH TABLE 


PREL 

TSX 

TSM 

TSL 

XTP 

MSP 

LSP 

0 

0 

0 

0 

Q 

Q 

0 

0 

0 

0 

1 

Q 

Q 

HiZ 

0 

0 

1 

0 

Q 

HiZ 

Q 

0 

0 

1 

1 

Q 

HiZ 

HiZ 

0 

1 

0 

0 

HiZ 

Q 

Q 

0 

1 

0 

1 

HiZ 

Q 

HiZ 

0 

1 

1 

0 

HiZ 

HiZ 

Q 

0 

1 

1 

1 

HiZ 

HiZ 

HiZ 

1 

0 

0 

0 

HiZ 

HiZ 

HiZ 

1 

0 

0 

1 

HiZ 

HiZ 

PL 

1 

0 

1 

0 

HiZ 

PL 

Hi Z 

1 

0 

1 

1 

HiZ 

PL 

PL 

1 

1 

0 

0 

PL 

HiZ 

HiZ 

1 

1 

0 

1 

PL 

HiZ 

PL 

1 

1 

1 

0 

PL 

PL 

HiZ 

1 

1 

1 

1 

PL 

PL 

PL 


NOTES: 

Hi Z = Output buffers at high impedance (output disabled). 


Q = Output buffers at low impedance. Contents of output register will 
be transferred to output pins. 

PL = Output buffers at high impedance or output disabled. Preload 
data supplied externally at output pins will be loaded into the out- 
put register at the rising edge of CLKP. 


NOTES ON TWO’S COMPLEMENT FORMATS: 

1. In two’s complement notation, the location of the binary point 
that signifies the separation of the fractional and integer fields is 
just after the sign, between the sign bit (-2°) and the next signifi- 
cant bit for the multiplier inputs. This same format is carried over to 
the output format, except that the extended significance of the inte- 
ger field is provided to extend the utility of the accumulator. In the 
case of the output notation, the output binary point is located be- 
tween the 2° and 2 _1 bit positions. The location of the binary point 
is arbitrary, as long as there is consistency with both the input and 
output formats. The number field can be considered entirely inte- 
ger with the binary point just to the right of the least significant bit for 
the input, product and the accumulated sum. 

2. When in the non-accumulating mode, the first four bits (P 26 
through P 23 ) will all indicate the sign of the product. Additionally, 
the P 22 term will also indicate the sign with one exception, when 
multiplying - 1 x - 1 . With the additional bits that are available in this 
multiplier, the -1 x -1 is a valid operation that yields a + 1 product. 

3. In operations that require the accumulation of single products or 
sum of products, there is no change in format. To allow for a valid 
summation beyond that available for a single multiplication prod- 
uct, three additional significant bits (guard bits) are provided. This 
is the same as if the product was accumulated off-chip in a sepa- 
rate 27-bit wide adder. Taking the sign at the most significant bit 
position will guarantee that the largest number field will be used. 
When the accumulated sum only occupies the right hand portion 
of the accumulator, the sign will be extended into the lesser signifi- 
cant bit positions. 


BINARY POINT 


01 

Q| 

m 

m 

m 

m 

m 

01 


m 

E9 

m 

ia 

a 

m 

a 

a 

a 

a 

a 

a 

a 

SB 

SB 



m 

El 

m 

m 

m 

H 

E3 

□ 

m 

m 

n 

ia 



















m 

o 


qi 

ia 

in 

IBS 

IQS 

IE9 

m 

E! 

m 

m 

m 

01 

m 

ia 


H 

0 

m 

El 

m 

m 

m 


SB 

5 

a 

5B 

SI 

SB 

IB 

a 

a 

a 

m 

m 

m 

a 

IB 

a 

m 

a 

SB 

a 

a 

SB 

SB 

a 

a 

a 

m 


XTP 1 MSP 1 LSP 


SIGNAL 
DIGIT VALUE 


Figure 6. Fractional Two’s Complement Notation 



Figure 7. Fractional Unsigned Magnitude Notation 
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16 X 16-BIT PARALLEL CMOS 
MULTIPLIER-ACCUMULATOR 


IDT7210L 

IDT7243L 


FEATURES: 

• 16 x 16-bit parallel multiplier-accumulator with selectable 
accumulation and subtraction 

• High-speed: 35ns multiply-accumulate time 

• IDT7210 features selectable accumulation, subtraction, round- 
ing and preloading with 35-bit result 

• IDT7243 features selectable accumulation, subtraction and 
rounding with 19-bit result 

• IDT7210 is pin and functionally compatible with the TRW 
TDC1010J 

• IDT7243 is pin and functionally compatible with the TRW 
TDC1043 

• Both devices perform subtraction and double precision addition 
and multiplication 

• Produced using advanced CEMOS ™ high-performance 
technology 

• Low power consumption (less than 250mW typical) — less than 
1/10 the power of compatible bipolar and 1/7 the power of 
NMOS designs 

• Input and output directly TTL-compatible 

• Single 5V supply 

• Available in plastic and topbraze DIP, SHRINK-DiP, LCC, Fine- 
Pitch LCC, PLCC, Flatpack and Pin Grid Array 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The 1DT721 0/7243 are high-speed, low-power 16 x 16-bit paral- 
lel multiplier-accumulators that are ideally suited for real-time 
digital signal processing applications. Fabricated using CEMOS 
silicon gate technology, these devices offer a very low-power alter- 
native to existing bipolar and NMOS counterparts, with only 1/7 to 
1/10 the power dissipation and exceptional speed (35ns maxi- 
mum) performance. 

Pin and functional replacements for TRW’s TDC1010J/ 
TDC1043, the IDT7210/7243 operate from a single 5 volt supply 
and are compatible with standard TTL logic levels. The architec- 
ture of the IDT7210/7243 is fairly straightforward, featuring individ- 
ual input and output registers with clocked D-type flip-flops, a 
preload capability (IDT7210 only) which enables input data to be 
preloaded into the output registers, individual three-state output 
ports for the Extended Product (XTP) and Most Significant Product 
(MSP) and a Least Significant Product output (LSP) which is multi- 
plexed with the Y input. Unlike the IDT7210, the IDT7243 does not 
have either a preload capability or a Least Significant Product 
(LSP) output accessible externally. 

The Xin and Yin data input registers may be specified through 
the use of the Two’s Complement input (TC) as either a two’s com- 
plement or an unsigned magnitude, yielding a full-precision 32-bit 
result that may be accumulated to a full 35-bit result. The three out- 
put registers -Extended Product (XTP), Most Significant Product 
(MSP) and Least Significant Product (LSP) —are controlled by the 
respective TSX, TSM and TSL input lines. The LSP output can be 
routed through Yin ports in the IDT7210. 

Continued on Page 2 


FUNCTIONAL BLOCK DIAGRAM 
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IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DESCRIPTION (Continued) 

The Accumulate input (ACC) enables the device to perform 
either a multiply or a multiply-accumulate function. In the multiply- 
accumulate mode, output data can be added to or subtracted from 
subsequent results. When the Subtraction (SUB) input is active si- 
multaneously with an active ACC, a subtraction can be performed. 
The double precision accumulated result is rounded down to 
either a single precision or single precision plus 3-bit extended 
result. In the multiply mode, the Extended Product output (XTP) is 


sign extended in the two’s complement mode or set to zero in the 
unsigned mode. The Round (RND) control rounds up the Most Sig- 
nificant Product (MSP) and the 3-bit Extended Product (XTP) out- 
puts. When Preload input (PREL) is active, all the output buffers are 
forced into a high-impedance state (see Preload truth table) and 
external data can be loaded into the output register by using the 
TSX, TSL and TSM signals as input controls. 


PIN CONFIGURATIONS 


IDT7210 


IDT7243 


X 6 

X 5 

X 4 

X 3 

X 2 

Xi 

Xo 

Po.Yo 

P1.Y1 

p 2 .y 2 

p 3 ,y 3 

P4.Y4 

P 5 .Y 5 

Pe.Ye 

P 7 ,Y 7 

GND 

Ps.Ya 

P9.Y9 

P 10 , Y 10 

P 11 .Y 11 
P 12 . Yi 2 
Pl3 . Y 13 
P 14 .Y 14 
P 15 . Yis 
Pie 
P 17 
Pie 
Pl9 
PZO 

P21 

P22 

P23 


1 


64 

n 

x 7 

X 6 

c 

1 


64 

2 


63 

□ 

Xg 

x 5 

L 

2 


63 

3 


62 

□ 

Xg 

X 4 

C 

3 


62 

4 


61 

n 

X 10 

x 3 

c 

4 


61 

5 


60 

□ 

Xn 

x 2 

L 

5 


60 

6 


59 

□ 

Xl2 

Xi 

C 

6 


59 

7 


58 

□ 

Xl3 

Xo 

L 

7 


58 

8 


57 

p 

X 14 

Yo 

C 

8 


57 

9 


56 

j 

X 15 

Yi 

L 

9 


56 

10 


55 

3 

TSL 

y 2 

C 

10 


55 

11 


54 

j 

RND 

y 3 

L 

11 


54 

12 


53 

□ 

SUB 

y 4 

C 

12 


53 

13 


52 

j 

ACC 

y 5 

L 

13 


52 

14 


51 

□ 

CLKX 

Ye 

C 

14 


51 

15 


50 

j 

CLKY 

Y 7 

L 

15 


50 

16 

P64-1 

49 

□ 


GND 

r 

16 

P64-1 

49 

17 

48 

□ 

TC 

Ye 

c 

17 

48 

18 

& 

47 

□ 

TSX 

Yg 

c 

18 

& 

47 

19 

C64-1 

46 

□ 

PREL 

Y10 

c 

19 

D64-1 

46 

20 


45 

□ 

TSM 

Yn 

c 

20 


45 

21 


44 

j 

CLKP 

Yi 2 

c 

21 


44 

22 


43 

□ 

P 34 

y, 3 

c 

22 


43 

23 


42 

□ 

P 33 

Y14 

tz 

23 


42 

24 


41 

□ 


YlS 

c 

24 


41 

25 


40 

□ 

P 31 

Pl6 

c 

25 


40 

26 


39 

□ 


Pl7 

c 

26 


39 

27 


38 

j 


PlS 

c 

27 


38 

28 


37 

n 


Pl9 

c 

28 


37 

29 


36 

□ 


P 20 

c 

29 


36 

30 


35 

□ 


p 2 i 

n 

30 


35 

31 


34 

□ 

P 25 

P 22 

Q 

31 


34 

32 


33 

□ 

P24 

P 23 

C 

32 


33 


X 15 

NC 

RND 

SUB 

ACC 

CLKX 

CLKY 

Vcc 

TC 

TSX 

GND 

TSM 

CLKP 

P 34 

P 33 

P 32 

P 31 

P 30 

P 29 

P 2 8 

P27 

P26 

P25 

P 2 4 


DIP 

TOP VIEW 


DIP 

TOP VIEW 
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IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



IDT7210 

IDT7243 

/ 

tv n ri io id sZZ — 0 2 ^ 2! ” ^ 10 03 
q_q_clq_q_q_C3CDq_ q_o_q_q_clclcl cl 

60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 

DO 

04 CO ^VICDnZZ CO Q 2 ^ ^ ^ ^ ^5 

>. >.>>->>0 0 >>>>>> > 

60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 

P1.Y1 6iS 
Po. Y 0 62 S 

^42 P 17 

Yi 61 S 

Yo 62 S 



10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 
“_jq m O X>- o oooqx— i^Q- s 


LCC/PLCC/FINE-PITCH LCC 
TOP VIEW 




SHRINK-DIP 
TOP VIEW 



10 11 12 13 14 1516 17 1819 20 21 22 23 24 25 26 

SOQisoxy o o o oqx o !> n i 



LCC/PLCC 
TOP VIEW 


>- >->-q ... 

*2 ‘ ' o ■- cu n t «i 

dro^Q?^ a’^drodra’cCdTirdrcrd: 

nnnnnnnnnnnnnnnn 

64 63 62 61 60 59 58 57 58 55 54 53 52 51 50 49 


Po,Yo = l: 
X 0 =2: 
X, =3 = 
X 2 * — 4 . 
X 3 <=5: 
X 4 = 6: 
X 5 c=7: 
Xg 1= 8 : 


Xg =U 
X10 =12 
Xll =13 
X12 =14 
X13 = 15 
X14 ='6 




17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuuuuuuuu 

IW< 00 cl h O 


FLATPACK 
TOP VIEW 
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IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS (Continued) 

1DT7210 


11 


NC 

Xis 

RND 

ACC 

CLKy 

TC 

PREL 

CLKp 

P33 


10 

Xl3 

Xl 4 

TSL 

SUB 

CLK X 

Vcc 

TSX 

TSM 

P34 

P 3 2 

NC 

09 

Xn 

Xl2 








P30 

P 31 

08 

X9 

Xio 








P28 

P 29 

07 

x 7 

Xa 








P 2 6 

P 27 

06 

Xs 

Xe 



G68-2 




P24 

P 25 

05 

X3 

X4 








P 2 2 

P 2 3 

04 

X, 

X2 








P 2 0 

P21 

03 

Yo. 

Po 

Xo 








Pi 8 

Pl9 

02 

NC 

Yi. 

y 3> 

Ys. 

y 7 . 

Ys. 

Yio. 

Yiz. 

Y 14 , 

Pl6 

Pl 7 

Pi 

P3 

P 5 

P 7 

Ps 

Pio 

Pl2 

Pl4 

01 

# 

y 2 . 

y 4 . 

Ye. 

GND 

y 9 , 

Yn. 

Yi3. 

YlS, 

NC 


/ 

P 2 

P 4 

Pe 

ft 

Pil 

Pl3 

PlB 


Pin 1 ' . 

Designator A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 


PGA 

TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (1) RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V CCM 

Military Supply 
Voltage 

m 

5.0 

5.5 

V 

o< 

O 

Commercial 

Supply Voltage 


5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,h 

Input High Voltage 

2.0 

- 

- 

V 

V,L 

Input Low Voltage 

- 

- 

0.8 

V 



RATING 

COMMERCIAL 

MILITARY 

iron 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

■ 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is astress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 
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IDT7210L AND IDT7243L 16 x 16-BIT 

PARALLEL CMOS MULTIPLIER-ACCUMULATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS - FAST 

(Commercial Vcc= 5V ±10%, T A = 0°Cto +70°C, Military V cc = 5V ±10%, T A = -55°Cto +125°C 
for Commercial clocked multiply times of 20, 25, 35, 45, 55, 65, 75ns or Military 25, 30, 40, 55, 65, 75, 85ns) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 
MIN. TYP.0) MAX. 

MILITARY 

MIN. TYP.O) MAX. 

UNIT 


Input Leakage Current 

V cc = Max., V| N = OVtoVcc 

- 

- 

10 

- 

20 

JJ.A 


Output Leakage Current 

Hi Z, V cc = Max., V 0UT = 0 to V cc 

- 

- 

10 

- 

20 

PA 

*cc (2) 

Operating Power Supply Current 

Outputs Open Measured at 10MHz< 2 ) 

- 

45 

90 

45 

110 

mA 

'coot 

Quiescent Power Supply Current 

V 1N >v IH ,v IN <V IL 

- 

20 

50 

20 

50 

mA 

'0002 

Quiescent Power Supply Current 

V| N > v cc -0.2 V, V iN < 0.2 V 

- 

4 

10 

4 

12 

mA 

l cc / f (2.3) 

Increase in Power 

Supply Current/MHz 

V cc = Max., f > 10MHz 

- 

- 

6 

- 

8 

mA/ 

MHz 

V OH 

Output High Voltage 

V cc = Min., I 0H - -2.0mA 

2.4 

- 

- 

2.4 

- 

V 

V 4 ’ 

Output Low Voltage 

V cc = Min., I 0 l = 4mA 

- 

- 

0.4 

- 

0.4 

V 


NOTES: 

1. Typical implies V cc = 5VandT A = + 25°C. 

2. l C c is measured at 10MHz and V 1N = 0to3V. For frequencies greater than 10MHz, the following equation is used for the commercial range: l C c = 90 + 
6(f- 10)mA, where f = operating frequency in MHz. For the military range, lc C = 110 + 8(f - 10) where f = operating frequency in MHz, f = 1/t MA . 

3. For frequencies greater than 10MHz. 

4. I 0L = 8mAfort MA = 20ns to 55ns. 


DC ELECTRICAL CHARACTERISTICS -SLOW 

(Commercial V cc = 5V ±10%, T A = 0°Cto +70°C, Military V cc = 5 V ±10%, T A = -55°Cto +125°C 
for Commercial clocked multiply times of 100, 165ns or Military, 120, 200ns) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 
MIN. TYP.0) MAX. 

MILITARY 

MIN. TYP.O) MAX. 

UNIT 

mm ■ 

Input Leakage Current 

V cc = Max., V IN = OVtoVcc 

- 

- 

2 

- 

10 

PA 

I *LO 1 

Output Leakage Current 

Hi Z. V cc = Max., V 0UT = 0toV cc 

- 

- 

2 

- 

10 

PA 

f cc <2) 

Operating Power Supply Current 

Outputs Open Measured at 10MHz< 2 > 

- 

35 

70 

35 

90 

mA 

icCQI 

Quiescent Power Supply Current 

V IN >V IH ,V (N < V, L 

- 

10 

30 

10 

30 

mA 

^002 

Quiescent Power Supply Current 

V, N > V cc -0-2V, V IN < 0.2V 

- 

0.1 

1.0 

0.1 

2.0 

mA 

l cc / f (2.3) 

Increase in Power 

Supply Current/MHz 

V cc = Max., f > 10MHz 

- 

- 

5 

- 

7 

mA/ 

MHz 

MaH 

Output High Voltage 

Vcc = Min., I 0H = -2.0mA 

2.4 

- 

- 

2.4 

- 

V 

Xdl 

Output Low Voltage 

V C c = Min., I 0L = 4mA 

- 

- 

0.4 

- 

0.4 

V 


NOTES: 

1. Typical implies V cc = 5VandT A = +25°C. 

2. l C c is measured at 10MHz and V !N = 0to3V. For frequencies greater than 10MHz, the following equation is used for the commercial range: l C c = 70 + 
5(f- 10)mA, where f = operating frequency in MHz. For the military range, l cc = 90 + 7(f - 10) where f = operating frequency in MHz, f = 1/t MA . 

3. For frequencies greater than 10MHz. 







































































































IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 


AG ELECTRICAL CHARACTERISTICS COMMERCIAL (v cc = 5V ± 10 %. t a = o°cto +70°C) 


SYMBOL 

PARAMETER 

7210L35 
MIN. MAX. 

7210L45 
7243L45 
MIN. MAX. 

7210L55 
7243L55 
MIN. MAX. 

7210L65 
7243L65 
MIN. MAX. 

7210L75 
7243L75 
MIN. MAX. 

7210L100 
7243L100 
MIN. MAX. 

7210L160 
7243L160 
MIN. MAX. 

UNIT 

1ma< 2 > 

Multiply-Accumulate Time 

- 

35 

- 

45 

- 

55 

- 

65 

- 

75 

- 

100 


165 

wm 

t D <2) 

Output Delay 

- 

25 

- 

25 

- 

30 

- 

35 

- 

35 

- 

35 

- 40 


tENA< 3 > 

3-State Enable Time 0) 

- 

25 

- 

25 

- 

30 

- 

30 

- 

35 

- 

35 

- 

40 


tois (3) 

3-State Disable Time! 1 ) 

- 

25 

- 

25 

- 

30 

- 

30 

- 

35 

- 

35 

- 

40 


*S 

Input Register Set-up Time 

12 

- 

15 

- 

20 

- 

25 

- 

25 

- 

25 

- 

30 

- 


t H 

Input Register Hold Time 

3 

- 

3 

- 

3 

- 

3 

- 

3 

- 

0 

- 

0 

- 

Q[ 

tpw 

Clock Pulse Width 

10 

- 

15 

- 

20 

- 

25 

- 

25 

- 

25 

- 

25 

- 



NOTES: 

1. Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 

2. See Test Load Figure 1 . 

3. See Test Load Figure 2. 


AC ELECTRICAL CHARACTERISTICS MILITARY (V cc = 5V±io%.t a = -55°cto +125°C) 


SYMBOL 

PARAMETER 

7210L40 
MIN. MAX. 

7210L55 
7243 L55 
MIN. MAX. 

7210L65 
7243L65 
MIN. MAX. 

7210L75 
7243L75 
MIN. MAX. 

7210L85 
7243L85 
MIN. MAX. 

7210L120 
7243L120 
MIN. MAX. 

7210L200 
7243L200 
MIN. MAX. 

UNIT 

W 2 > 

Multiply-Accumulate Time 

- 

40 

- 

55 

- 

65 

- 

75 

- 

85 

- 

120 

- 

200 

K9 

t 0 (2) 

Output Delay 

- 

25 

- 

30 

- 

35 

- 

35 

- 

35 

- 

40 

- 

45 


t ENA ( 3 ) 

3 State Enable Timed) 

- 

25 

- 

30 

- 

30 

- 

35 

- 

35 

- 

40 

- 

45 


^DIS* 3 ) 

3 State Disable Time* 1 ) 

- 

25 

- 

30 

- 

30 

- 

30 

- 

35 

- 

40 

- 

45 


l s 

Input Register Set-up Time 

15 

- 

20 

- 

25 

- 

25 

- 

25 

' - 

30 


30 

- 

1528 

t H 

Input Register Hold Time 

3 

_zj 

3 

- 

3 

- 

3 

- 

3 

- 

0 

- 

0 

- 


W 

Clock Pulse Width 

15 


20 

- 

25 

- 

25 

- 

30 

- 

30 

- 

30 

- 



NOTES: 


1 . Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 

2. See Test Load Figure 1 . 

3. See Test Load Figure 2. 

AC TEST CONDITIONS 


1 . This parameter is sampled and not 100% tested. 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER d) 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

v IN =ov 

10 

PF 

c oirr 

Output Capacitance 

Vout= 0V 

12 

PF 


NOTE: 


V C c 



TO 

OUTPUT O 

PIN 

40pF 


5000 




V x = 0 OR 2.6V 


Figure 1. AC Output Test Load 


Figure 2. Output Three-State 
Delay Load 
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IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SIGNAL DESCRIPTIONS: 

INPUTS: 
x IN (X, 5 - x 0 ) 

Multiplicand Data Inputs 

Yin (Yis - Y 0 ) 

Multiplier Data Inputs 

INPUT CLOCKS: 

CLKX, CLKY 

• Input data is loaded on the rising edge of these clocks. 

CONTROLS: 

ACC (Accumulate) 

When ACC is high, the contents of the XTP, MSP and LSP regis- 
ters are added to or subtracted from the multiplier output. When 
ACC is low, the device acts as a simple multiplier with no accumu- 
lation being performed and the next product generated will be 
stored directly into the output registers. The ACC signal is loaded 
on the rising edge of the CLKX or CLKY and must be valid for the 
duration of the data input. 

SUB (Subtract) 

When the ACC and SUB signals are both high, the contents of 
the output register are subtracted from the next product generated 
and the difference is stored back into the output registers at the ris- 
ing edge of the next CLKP. When ACC is high and SUB is low, an 
addition instead of a subtraction is performed. Like the ACC signal, 
the SUB signal is loaded into the SUB register at the rising edge of 
either CLKX or CLKY and must be valid over the same period as the 
input data is valid. When the ACC is low, SUB acts as a “don’t care” 
input. 

TC (Two’s Complement) 

When the TC Control is high, it makes both the X and Y input 
two’s complement inputs. When the TC Control is low, it makes 
both inputs, X and Y, unsigned magnitude inputs. 

RND (Round) 

A high level at this input adds a “1 ” to the most significant bit of 
the LSP to round up the XTP and MSP data. RND, like ACC and 
SUB, is loaded on the rising edge of either CLKX or CLKY and must 
be valid for the duration of the input data. 

PREL (Preload) (IDT7210 only) 

When the PREL input is high, the output is driven to a high im- 
pedance state. When the TSX, TSL and TSM inputs are also high, 
the contents of the output register can be preset to the preload data 
applied to the output pins at the rising edge of CLKP. The PREL, 
TSM, TSL and TSX inputs must be valid over the same period that 
the preload input is valid. 

Ym /LSP Output— (LSP output, IDT7210 only) 

Shares functions between 16-bit data input (Yin ) and the least sig- 
nificant product output (LSP). 


TSX, TSL, TSM (Three-State Output Controls) 

The XTP, MSP and LSP registers are controlled by direct non- 
registered control signals. These output drivers are at high imped- 
ance (disabled) when control signals TSX, TSM and TSL are high 
and are enabled when TSX, TSM and TSL are low. 

OUTPUT CLOCK: 

CLKP 

Output data is loaded into the output register on the rising edge 
of this clock. 

OUTPUTS: 

XTP (P34 - P32) 

Extended Product Output (3-bits) 

MSP (P31 - Pis) 

Most Significant Product 
LSP (Pis - Po) 

Least Significant Product (IDT7210 only), shared with Yin 
input. 

NOTES ON TWO’S COMPLEMENT FORMATS: 

1. In two’s complement notation, the location of the binary point 
that signifies the separation of the fractional and integer fields is 
just after the sign, between the sign bit (-2°) and the next signifi- 
cant bit for the multipl ier inputs. This same format is carried over to 
the output format, except that the extended significance of the inte- 
ger field is provided to extend the utility of the accumulator. In the 
case of the output notation, the output binary point is located be- 
tween the 2° and 2- 1 bit positions. The location of the binary point 
is arbitrary, as long as there is consistency with both the input and 
output formats. The number field can be considered entirely inte- 
ger with the binary point just to the right of the least significant bit for 
the input, product and the accumulated sum. 

2. When in the non-accumulating mode, the first four bits (P34 
to P31) will all indicate the sign of the product. Additionally, the P30 
term will also indicate the sign with one exception, when multiply- 
ing -1 x -1. With the additional bits that are available in this multi- 
plier, the -1 x -1 is a valid operation that yields a + 1 product. 

3. In operations that require the accumulation of single products or 
sum of products, there is no change in format. To allow for a valid 
summation beyond that available for a single multiplication prod- 
uct, three additional significant bits (guard bits) are provided. This 
is the same as if the product was accumulated off-chip in a sepa- 
rate 35-bit wide adder. Taking the sign at the most significant bit 
position will guarantee that the largest number field will be used. 
When the accumulated sum only occupies the right hand portion 
of the accumulator, the sign will be extended into the lesser signifi- 
cant bit positions. 
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IDT7210L AND IDT7243L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PRELOAD TRUTH TABLE (IDT7210 only) 


PREL 

TSX 

TSM 

TSL 

XTP 

MSP 

LSP 

0 

0 

0 

0 

Q 

Q 

Q 

0 

0 

0 

1 

0 

Q 

HiZ 

0 

0 

1 

0 

Q 

HiZ 

Q 

0 

0 

1 

1 

Q 

HiZ 

HiZ 

0 

1 

0 

0 

HiZ 

Q 

Q 

0 

1 

0 

1 

HiZ 

Q 

HiZ 

0 

1 

1 

0 

HiZ 

HiZ 

Q 

0 

1 

1 

1 

HiZ 

HiZ 

HiZ 

1 

0 

0 

0 

HiZ 

HiZ 

HiZ 

1 

0 

0 

1 

HiZ 

HiZ 

PL 

1 

0 

1 

0 

HiZ 

PL 

HiZ 

1 

0 

1 

1 

HiZ 

PL 

PL 

1 

1 

0 

0 

PL 

HiZ 

HiZ 

1 

1 

0 

1 

PL 

HiZ 

PL 

1 

1 

1 

0 

PL 

PL 

Hi Z 

1 

1 

1 

1 

PL 

PL 

PL 


NOTES: 

Hi Z = Output buffers at high impedance (output disabled). 

Q = Output buffers at low impedance. Contents of output register 
will be transferred to output pins. 

PL = Output buffers at high impedance or output disabled. Preload 
data supplied externally at output pins will be loaded into the 
output register at the rising edge of CLKP. 


BINARY POINT 



Figure 6. Fractional Two’s Complement Notation 
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IDT7210L AND IDT7243L 16 X 16-BIT 
PARALLEL CMOS MULTIPLIER-ACCUMULATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Commercial (0°Cto +70°C) 

Military (-55° C to +125°C) 
Compliant to MIL-STD-883. Class B 


Plastic DIP 

Sidebraze SHRINK-DIP* 

Topbraze DIP 

Plastic Leaded Chip Carrier 

Leadless Chip Carrier (25 MIL Center)* 

Leadless Chip Carrier 

Flatpack* 

Pin Grid Array* 

COM’L. MIL 

A 

40* 

55 
65 

75 Speed in Nanoseconds 
85 
120 
200 


Low Power 


35* 

45 

55 

65 

100 

165 



16x16 Parallel CMOS 
Multiplier-Accumulator 
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FEATURES: 

• 12 x 12-bit parallel multiplier with double precision product 

• High-speed: 35ns maximum clock to multiply time 

• Low power consumption: 150mW typical, less than 1/10 the 
power of compatible bipolar parts 

• Produced with advanced CEMOS ™ high-performance 
technology 

• IDT7212L is pin and functionally compatible with TRW 
MPY012H 

• IDT7213L requires only a single clock with register enables 

• Configured for easy array expansion 

• User-controlled option for transparent output register mode 

• Round control for rounding the MSP 

• Single 5 V power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Available in topbraze DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7212/IDT7213 are high-speed, low-power 12 x 12-bit 
multipliers ideal for fast, real-time digital signal processing appli- 
cations. Utilization of a modified Booths algorithm and IDT’s high- 
performance, high-reliability technology, CEMOS, has achieved 
speeds (35ns max.) exceeding bipolar at 1/10 the power 
consumption. 

The IDT7212/IDT7213 are ideal for applications requiring high- 
speed multiplications such as fast Fourier transform analysis digi- 
tal filtering, graphic display systems, speech synthesis and recog- 
nition and in any system requirement where multiplication speeds 
of a mini/micro computer are inadequate. 

All input registers, as well as LSP and MSP output registers, use 
the same positive edge triggered D-type flip-flop. With the 
IDT7212, there are independent clocks (CLKX, CLKY, CLKM, 
CLKL) associated with each of these registers. The IDT721 3 has 
only a sin gle clock input (CLK) and three regi ster e nables. ENX 
and ENY control the two input registers, while ENP controls the 
entire product. 

The IDT7212/IDT7213 offer additional flexibility with the FA 
control. The FA control formats the output for 2’s complement by 
shifting the MSP up one bit and then repeating the sign bit in the 
MSB of the LSP. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making them ideally 
suited to applications demanding the highest level of performance 
and reliability. 


FUNCTIONAL BLOCK DIAGRAM 

Xm X| N (Xu - X 0 ) RND 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology. Inc. 


DECEMBER 1987 
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IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


(MSB) P 23 61 
P 22 62 
P 22 62 
P 20 64 
P 19 65 
Pl8 66 

Pl7 67 

Pl6 68 

Pl5 1 
Pl4 2 
Pl3 3 
Pl2 4 
NC 5 
CLKM e 
CLKL 7 
FA 8 
FT 9 


1 

64 

□ X 8 

x 7 c 

1 

64 

2 

63 

□ X 9 

Xe C 

2 

63 

3 

62 

3 X 10 

x 5 c 

3 

62 

4 

61 

D X 11 

X 4 C 

4 

61 

5 

60 

□ CLKX 

X 3 C 

5 

60 

6 

59 

□ CLKY 

X 2 C 

6 

59 

7 

58 

□ RND 

Xi c 

7 

58 

8 

57 

□ X M 

X 0 1= 

8 

57 

9 

56 

□ Y 0 

Po C 

9 

56 

10 

55 

=1 Yi 

Pi C 

10 

55 

11 

54 

3 y 2 

P 2 c 

11 

54 

12 

53 

□ y 3 

p 3 c 

12 

53 

13 

52 

=1 y 4 

P 4 C 

13 

52 

14 

51 

□ Ys 

P 5 c 

14 

51 

15 

50 

^ Vcc 

Pe C 

15 

50 

16 

49 

D Vcc 

P 7 c 

16 

49 

17 C64-1 

48 

□ Vcc 

Ps C 

17 C64-1 

48 

18 

47 

□ Y 6 

p 0 c 

18 

47 

19 

46 

□ y 7 

P 10 c 

19 

46 

20 

45 

□ Y 8 

P 11 c 

20 

45 

21 

44 

3 Yg 

DEL C 

21 

44 

22 

43 

3 Y 10 

DEM C 

22 

43 

23 

42 

=1 Yn 

GND C 

23 

42 

24 

41 

3 Ym 

GND C 

24 

41 

25 

40 

3 P 23 

FT C 

25 

40 

26 

39 

=1 P 22 

FA C 

26 

39 

27 

38 

□ P 21 

CLK C 

27 

38 

28 

37 

□ P 20 

ENP C 

28 

37 

29 

36 

□ Pl9 

P 12 D 

29 

36 

30 

35 

□ Pl8 

P 13 C 

30 

35 

31 

34 

3 Pl7 

Pi 4 c 

31 

34 

32 

33 

□ Pl6 

Pis C 

32 

33 


DIP 

TOP VIEW 


IDT7212 


DIP 

TOP VIEW 


» _ - o OOO 

> > 5? 5? jt £ >°>° £ J? £ 2 2 > £ 
) 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 



43 

Xu 

(MSB) P 23 

61 

4 2 

RND 

P 22 

62 

41 

CLKY 

P 22 

63 

40 

CLKX 

P 20 

64 

39 

Xn 

Pl9 

65 

38 

X 10 

Pl8 

66 

37 

x 9 

Pi 7 

67 

36 

X 8 

Pl6 

68 

35 

x 7 

Pl5 

1 

34 

X 6 

Pl4 

2 

33 

x 5 

Pl3 

3 

32 

x 4 

Pl2 

4 

31 

x 3 

NC 

5 

30 

X 2 

ENP 

6 

29 

Xi 

CLK 

7 

28 

Xo 

FA 

8 

27 

NC 

FT 

9 
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IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

Vterm 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.4 

1.4 

w 

•our 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATI N GS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VcCM 

Military Supply 
Voltage 

4.5 

5.0 

5.5 

V 

v cc 

Commercial 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Vih 

Input High Voltage 

2.0 

- 

- 

V 

V,L 

Input Low Voltage 

- 

- 

0.8 

V 


DC ELECTRICAL CHARACTERISTICS -FAST 

(Commercial V cc = 5V ±10%, T A = 0°Cto +70°C, Military Vcc = 5V ±10%, T A = -55°Cto + 125°C) 
for Commercial clocked multiply times of 30. 35. 45, 70ns or Military, 40, 55, 90ns 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MIN. TYP.O) MAX. 

MILITARY 

MIN. TYP.O) MAX. 

UNIT 

nm 

Input Leakage Current 

V cc = Max., Mn = 0VtoV cc 

- 

- 

10 

- 

20 

P-A 


Output Leakage Current 

Hi Z, V cc = Max., V OUT = 0toV cc 

- 

- 

10 

- 

20 

P-A 

•cc (2 > 

Operating Power Supply Current 

Outputs Open Measured at 10MHz < 2 > 

- 

30 

65 

30 

85 

mA 

mm 

Quiescent Power Supply Current 

V|N > V|H . V|N < V| L 

- 

20 

50 

20 

50 

mA 

•ccoz 

Quiescent Power Supply Current 

V|N > Vcc - 0.2V, V, N < 0.2V 

- 

4 

20 

4 

25 

mA 

•cc 3 > 

Increase in Power Supply 
Current/MHz 


- 

- 

6 

- 

8 

mA/ 

MHz 

Voh 

Output High Voltage 

Vcc = Min., I 0 H = -2.0mA 

2.4 

- 

- 

2.4 

- 

V 

Vql 

Output Low Voltage 

Vcc = Min., loi = 8mA 

- 

- 

0.4 

- 

0.4 

V 


NOTES: 

1. Typical implies Vcc = 5VandT A = + 25°C. 

2. lex; is measured at 10MHz and V, N = 0 to 3V. For frequencies greater than 10MHz, the following equation is used for the commercial range: 

Ice = 65 + 6(f - 10)mA, where f = operating frequency in MHz. For the military range, l cc = 85 + 8(f - 10) where f = operating frequency in MHz, 
f = 1 Amuc(IDT 7212). f = 1/t M c (IDT7213). 

3. For frequencies greater than 10MHz. 
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IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS -SLOW 

(Commercial V cc = 5 V ±10%. T A = 0°Cto +70°C, Military V cc = 5V ±10%, T A = -55°Cto +125°C) 
for Commercial clocked multiply times of 115ns or Military, 140ns 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MIN. TYP.0) MAX. 

MILITARY 

MIN. TYP.O) MAX. 

UNIT 

mm 

Input Leakage Current 


- 

- 

2 

- 

10 

JJ-A 

1 *LO I 

Output Leakage Current 

HiZ, V cc = Max., V 0UT = OtoVfco 

- 

- 

2 

- 

10 

P-A 

'cc <2 * 

Operating Power Supply Current 

Outputs Open Measured at 10MHz < 2 ) 

- 

25 

55 

25 

75 

mA 

bcai 

Quiescent Power Supply Current 

V|N > V|H . V|N < V|L 

- 

10 

30 

10 

30 

mA 

bcQ2 

Quiescent Power Supply Current 

V, N > Vcc - 0.2V, V| N < 0.2V 

- 

0.1 

1.0 

0.1 

2.0 

mA 

be /f < 2 3 ) 

Increase in Power Supply 
Current/MHz 

V cc = Max., f > 10MHz 

- 

- 

5 

- 

7 

mA/ 

MHz 

o< 

I 

Output High Voltage 

Vcc = Min., I 0 H = -2.0mA 

2.4 

- 

- 

2.4 

- 

V 

1 V CL 

Output Low Voltage 

Vcc = Min., Iql = 8mA 

- ' 

- 

0.4 

- 

0.4 

V 


NOTES: 

1. Typical implies V cc = 5VandT A = +25°C. 

2. I cc is measured at 10MHz and V IN = 0 to 3 V. For frequencies greater than 10MHz, the following equation is used for the commercial range: 

Ice = 55 + 5(f - l0)mA, where f= operating frequency in MHz. For the military range, l cc = 75 + 7(f- 10) wheref = operating frequency in MHz, 
f = 1Amuc(IDT7212), f = 1/t MC (IDT7213). 

3. For frequencies greater than 10MHz. 


AC ELECTRICAL CHARACTERISTICS COMMERCIAL (V cc = 5V ±io%, t a = o°c to +70°C) 


SYMBOL 

V 

PARAMETER 

IDT7212L35 
IDT7213L35 
MIN. MAX. 

IDT7212L45 
IDT7213L45 
MIN. MAX. 

IDT7212L70 
IDT7213L70 
MIN. MAX. 

IDT7212L115 
IDT7213L115 
MIN. MAX. 

UNIT 

TEST 

LOAD 

FIGURE 

*MUC 

Unclocked Multiply Time 

- 

55 

- 

65 

- 

105 

- 

155 

ns 

1 

*MC 

Clocked Multiply Time 

- 

35 

- 

45 

- 

70 

- 

115 

ns 

1 


X. Y, RND Set-up Time 

15 

- 

20 

- 

20 

- 

25 

■ 

ns 

1 

‘h 

X, Y. RND Hold Time 

3 

- 

3 

- 

2 

- 

0 

- 

ns 

1 

l PWH 

Clock Pulse Width High 

15 

- 

20 

- 

20 

- 

25 

- 

ns 

1 

'pwL 

Clock Pulse Width Low 

15 

- 

20 

- 

20 

- 

25 

- 

ns 

1 

*PDP 

Output Clock to P 

- 

25 

- 

25 

- 

30 

- 

40 

ns 

1 

l ENA 

3 State Enable Time ( 2 > 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

2 

l DIS 

3 State Disable Time ( 2 > 

- 

25 

- 

25 

- 

30 

- 

35 

ns 

2 


Clock Enable Set-up Time (IDT7213 only) 

15 

- 

20 

- 

25 

25 

- 

ns 

1 


Clock Enable Hold Time (IDT7213 only) 

3 

3 

- 

3 

- 

0 

- 

ns 

1 

l HCL 

Clock Low Hold Time CLKXY Relative to 
CLKMLl 1 * (IDT7212 only) 

0 

- 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 


1 . To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 

2. Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 





















































































































































IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS MILITARY (V cc = 5V ±10 %. t a = -55°cto + i25°C) 


SYMBOL 

PARAMETER 

IDT7212L40 
IDT7213L40 
MIN. MAX. 

IDT7212L55 
IDT7213L55 
MIN. MAX. 

IDT7212L90 
IDT7213L90 
MIN. MAX. 

IDT7212L140 
IDT7213L140 
MIN. MAX. 

UNIT 

TEST 

LOAD 

FIGURE 

t|VtUC 

Unclocked Multiply Time 

- 

60 

_ 

75 

- 

130 

- 

185 

ns 

1 

*MC 

Clocked Multiply Time 

- 

40 

- 

55 

- . 

90 

- 

140 

ns 


ts 

X, Y, RND Set-up Time 

20 

- 

20 

- 

25 

- 

30 

- 

ns 


t H 

X, Y, RND Hold Time 

3 

- 

3 

- 

2 

- 

0 

- 

ns 


l PWH 

Clock Pulse Width High 

20 

- 

25 

- 

30 

- 

30 

- 

ns 


Wl 

Clock Pulse Width Low 

20 

- 

25 

- 

30 


30 

- 

ns 


tpDP 

Output Clock to P 

- 

25 

- 

30 

- 

35 

- 

45 

ns 

1 

*ENA 

3 State Enable time® 

- 

25 

- 

30 

- 

40 

- 

45 

ns 


l DIS 

3 State Disable Time® 

- 

25 

- 

25 

- 

40 

- 

45 

ns 


♦s 

Clock Enable Set-up Time 
(IDT7213 only) 

20 

- 

25 

- 

30 

- 

30 

- 

ns 

| 


Clock Enable Hold Time 
(IDT7213 only) 

3 

- 

3 

- 

2 

- 

0 

- 

ns 

mi 

tpICL 

Clock Low Hold Time CLKXY 
Relative to CLKML® 

(IDT7212 only) 

0 

- 

0 

- 

0 


0 

- 

ns 

i 


NOTES: 

1 . To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 

2. Transition is measured ±500mV from steady state voltage with loading specified in Figure 2. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


CAPACITANCE pr A = + 25 °c, f = i.omhz) 


SYMBOL 

PARAMETERS 

| CONDITIONS j 

MAX. 

UNIT 

C IN 

Input Capacitance 

> 

o 

II 

2 

> 

10 

PF 

C OUT 

Output Capacitance 

; ^OUT = 0V j 

12 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


v cc 



8100 


IN3062 


TO 

OUTPUT 

PIN 


5000 


40pF : 


-T- Vv 


Figure 1. AC Output Test Load 


Figure 2. Output Three-State Delay Load 
(V x = 0V or 2.6V) 
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IDT7212L/1DT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 
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IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CLK 



DATA 
TO X.Y 
REGISTERS 


o 


RECEIVE MSP OR LSP 


DATA OUTPUT 
TO MSP. LSP 
REGISTERS 

-H k t HCL (IDT7212) 

□ 

DATA 
TO X,Y 
REGISTERS 


RECEIVE MSP OR LSP , 

*D — *“ — I 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS 


Figure 7. Simplified Timing Diagram-Typical Application 


SIGNAL DESCRIPTIONS: 

INPUTS: 

Xin (Xii through X 0 ) 

Twelve Multiplicand Data Inputs 
Y in (Yu through Y 0 ) 

Twelve Multiplier Data Inputs 

INPUT CLOCKS (IDT7212 ONLY): 

CLKX 

The rising edge of this clock loads the Xi i - Xo data input reg- 
ister along with the two’s complement and round registers. 

CLKY 

The rising edge of this clock loads the Yi i - Yo data input reg- 
ister along with the two’s complement and round registers. 

CLKM 

The rising edge of this clock loads the Most Significant Prod- 
uct (MSP) register. 

CLKL 

The rising edge of this clock loads the Least Significant Prod- 
uct (LSP) register. 

INPUT CLOCKS (IDT721 3 ONLY): 

CLK 

The rising edge of this clock loads all registers. 

ENX 

Register enable for the Xi i - X 0 data input register along with 
the two’s complement and round registers. 

ENY 

Register enable for the Yi i - Yo data input register along with 
the two’s complement and round registers. 

ENP 

Register enable the Most Significant Product (MSP) and 
Least Significant Product (LSP). 


CONTROLS: 

X M , Ym(TCX, TCY)^) 

Mode control inputs for each data word. A low input desig- 
nates unsigned data input with a high input used for two’s 
complement. 

FA (RS) (1 > 

When the format adjust control is HIGH, a full 24-bit product is 
selected. When this control is LOW, a left-shifted 23-bit product 
is selected with the sign bit replicated in the Least Significant 
Product (LSP). This control is normally HIGH except for certain 
fractional two’s complement applications (see Multiplier Input/ 
Output Formats). 

FT 

When this control is HIGH, both the Most Significant Product 
(MSP) and Least Significant Product (LSP) registers are 
bypassed. 

OEL 

Three-state enable for LSP output. 

OEP 

Three-state enable for MSP output. 

RND 

Round control for the rounding of the Most Significant Prod- 
uct (MSP) . When this control is HIGH, a one is added to the Most 
Significant Bit (MSB) of the Least Significant Product (LSP). 
Note that this bit depends on the state of the Format Adjust (FA) 
control. If FA is LOW when RND is HIGH, a one will be added to 
the Pio- If FA is HIGH when RND is HIGH, a one will be added to 
the Pn. In either case, the LSP output will reflect this addition 
when RND is HIGH. Note also the rounding always occurs in the 
positive direction which may introduce a systematic bias. The 
RND input is registered and clocked in at the rising edge of the 
logical OR of both CLKX and CLKY. 

OUTPUTS: 

MSP (P 23 through P 12 ) 

Most Significant Product Output 
LSP (Pn through P 0 ) 

Least Significant Product Output 


NOTE: 

1. TRW MPY012H/K pin designation. 
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BINARY POINT 



SIGNAL 
DIGIT VALUE 

SIGNAL 
DIGIT VALUE 

SIGNAL 

DIGIT VALUE | FA = o| 
SIGNAL 

DIGIT VALUE | FA = l| 


Figure 11. Integer Two’s Complement Notation 


BINARY POINT 



SIGNAL 
DIGIT VALUE 

SIGNAL 
DIGIT VALUE 

SIGNAL 

DIGIT VALUE | FA = l| 
MANDATORY 


BINARY POINT 



Figure 13. Integer Mixed Mode Notation 


'In this format an overflow occurs in the attempted multiplication of the two’s complement number 10000 ... 0 with 1000. . . 00 yielding an erroneous 
product of -1 in the fraction case and -2 22 in the integer case. 



IDT7212L/IDT7213L 12 x 12-BIT PARALLEL CMOS MULTIPLIER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



7-29 





A 

n 

Integrated De\ 

syjjf 

lice Technology. Inc. 


32-BIT AND 64-BIT 

IDT721264 

IEEE FLOATING-POINT 

IDT721265 

MULTIPLIER AND ALU 



FEATURES: 

• Conforms to the requirements of IEEE Standard 754, 1985 
version, for full 32-bit and 64-bit multiply and arithmetic 
operations 

• Very high-speed operation 

— 16.7 megaflops (60ns) pipelined ALU operation 
(Add/Subtract/Convert/Compare) 

— 16.7 megaflops (60ns) pipelined 32-bit (single precision) 
multiplications 

— 8.0 megaflops (120ns) pipelined 64-bit (double precision) 
multiplications 

• Full floating-point function arithmetic logic unit including: 
-Add 

— Subtract 

— Absolute Value 

— Compare 

— Conversion to and from two’s complement integer 

— Performs 2-A to support Newton-Raphson division 

• Low-power (500mW typical per device) operation 

• Single 5 volt supply-no need for two supplies 

• Advanced CEM OS™ technology 

• Flexible system design 

— Three 32-bit ports allow two data inputs and one result 
output every clock cycle 
— One, two or three port architectures supported 
— Single phase, edge-triggered clock interface, with fully 
registered TTL-compatible inputs and outputs 

• Full commercial and military ranges available 

• Standard 144-pin grid array package 

— Pin and functionally compatible with Weitek 1264/1265 


DESCRIPTION: 

The IDT721264 floating-point multiplier and the IDT721265 
floating-point ALU provide high-speed 32-bit and 64-bit floating- 
point processing capability. 

The I DT72 1264/65 are fabricated using IDT’s advanced 
CEMOS technology and are capable of a total flow-through multi- 
ply latency (time required from the input of the operand until the 
result can be used by another device) of 180ns for single precision 
and 270ns for double precision multiplications. This ultra-high- 
speed performance is achieved by combining both state-of-the-art 
CEMOS technology and advanced circuit design techniques. 

For signal processing applications, where higher throughput 
speeds are required, operations including the function specifica- 
tion can be pipelined. For single precision multiplications, new 
operands can be loaded and a product unloaded every 60ns, while 
double precision multiplies can be accomplished at a 120ns 
rating. The IDT721265 ALU executes all operations at a 60ns 
pipelined throughput. All operations, including the function speci- 
fication, are pipelined so there is no penalty for interleaving various 
functions. The on-chip pipeline is automatically advanced, using 
internal timers, so explicit pipeline flushing is not required. 

This flexible two-chip set operates in full conformance with the 
requirements of IEEE standard 754, 1985 version. It performs op- 
erations on single (32-bit) and double (64-bit) precision operands, 
as well as conversion to 32-bit two’s complement integers 
(IDT721265 only). The IDT721264/65 accommodates all rounding 
modes, infinity and reserved operand representations and the 
treatment of exceptions such as overflow, underflow, invalid and 
inexact operations. Exact conformance to the standards ensures 
complete software portability between prototype development and 
final application. A “FAST” mode eliminates the time penalty for 
denormalized numbers by substituting zero for a denormalized 
number. 

The flexible input/output architecture of these devices allows 
them to be used in systems with one, two or three 32-bit buses, or 
one 64-bit bus. Fully registered inputs and outputs, separately con- 
trolled, are loaded on each rising edge of the clock. 

A 64-bit function control determines the arithmetic function to be 
performed while a 4-bit status output flags arithmetic exceptions 
and conditions. Both the function inputs and status outputs propa- 
gate along with the data to ease system design timing. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883C, Class B. 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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ABSOLUTE MAXIMUM RATINGS 0 ’ 



RATING 

COMMERCIAL 

MILITARY 



Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

B 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

B 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +155 

°c 

•our 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

^3 

EES 


UNIT 

V CCM 

Military Supply Voltage 

m 


5.5 

V 

W3M 

Commercial Supply Voltage 


HU 

5.25 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

mu 

- 

- 

b a, 

V 

Input Low Voltage 


- 

KB 

mm 


NOTE: 

1 . 1 ,5V under shoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial Vcc = 5V ± 5%, Ta = 0°Cto70°C. Military Vcc = 5V ±10%, Ta = -55°Cto +125°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 
MIN. MAX. 

MILITARY 
MIN. MAX. 

UNIT 

HinK 

Input Leakage Current 

Vcc = Max., Vin = 0 to Vcc 

- 

10 

- 

20 

pA 

I'tol 

Output Leakage Current 

Hi 2. Vcc = Max., Vout = 0 to Vcc 

- 

10 

- 

20 

pA 

•cc (,) 

Operating Power Supply Current 

Outputs Open, \fcc = Max. 

- 

100 

- 

120 

mA 

•cco 

Quiescent Power Supply Current 

Vin > V cc " 0.2V, V| M <0.2V, V cc = Max. 

- 

5 

- 

5 

mA 

•cc" (, ' 2 > 

Increase in Power Supply Current/MHz 

Vcc = Max., f > 10MHz 

- 

4 

- 

6 

mA/MHz 

o< 

I 

Output High Voltage 

Vcc = Min., Ioh = -2.0mA 

2.4 

- 

2.4 

- 

V 

V 0L 

Output Low Voltage 

Vcc ” Min., Iql = 8mA 

- 

0.4 

- 

0.4 

V 


NOTES: 

1. Ice is measured at 10MHz and Vin = TTL voltages. For frequencies greater than 10MHz, the following equation is used for the commercial range: 
Icc = 100 + 4(f-10)mA, where f = operating frequency in MHz. For the military range, I cc = 120 + 6(f-10) where f = operating frequency in MHz. 

2. For frequencies greater than 10MHz. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 



"Includes scope and jig. 
Figure 1. Output Load 
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OPERATING CONDITIONS 

(Commercial Vcc = 5V ± 5%, T A = 0°C to 70°C, Military V cc = 5 V ±10%, T A = -55°C to + 125°C) 


SYMBOL 

PARAMETER 

tcy 

MIN. 

= 30ns 
MAX. 

*CY - 

MIN. 

40ns 

MAX. 

*CY 

MIN. 

= 50ns 
MAX. 

t C Y 

MIN. 

= 60ns 
MAX. 

UNIT 

*CY 

Clock Cycle Time 

30 

- 

40 

- 

50 

- 

60 

- 

ns 

tcH 

Clock HIGH Time 

12 

- 

15 

- 

20 

- 

25 

- 

ns 

^CL 

Clock LOW Time 

12 

- 

15 

- 

20 

- 

25 

- 

ns 


Input Set-up Time 

11 

- 

13 

- 

15 

- 

15 

- 

ns 


Input Hold Time 

2 

- 

3 

- 

3 

- 

3 

- 

ns 


AC ELECTRICAL CHARACTERISTICS 

(Commercial Vcc = 5V ± 5%,T A = 0°Cto70°C, Military Vbc = 5V ±10%, Ta = -55°Cto +125°C) 


SYMBOL 

PARAMETER 

*CY 

MIN. 

= 30ns 

tcY 

MIN. 

= 40ns 

*CY 

MIN. 

= 50ns 


= 60ns 

UNIT 

MAX. 

MAX. 

MAX. 

MIN. 

MAX. 

*00 

Output Delay Time 

- 

28 

- 

30 

- 

35 

- 

35 

ns 

tvo 

Output Data Valid 

5 

- 

5 

- 

5 

- 

5 


ns 

*oz 

Output Disable Time 

- 

25 

- 

30 

- 

35 

- 

35 

ns 

tzo 

Output Enable Time 

- 

25 

- 

30 

- 

35 

- 

35 

ns 


Total Latency Time 




■n 


■ ■ 





IDT721265 ALU All Functions 

— 

270 

— 

Mm&m 

— 

450 

— 

540 

ns 

*LA 

IDT721264 MPY 32-Bit Functions 

— 

180 

— 


— 

300 

— 

360 

ns 


IDT721264 MPY 64-Bit Functions 

- 

270 

- 

n 

- 


- 


ns 


Pipelined Time per Stage 











IDT721265 ALU All Functions 

— 

60 

— 

80 

— 

100 

— 

120 

ns 

*OP 

IDT721264 MPY 32-Bit Functions 

— 

60 

— 

80 

— 

100 

— 

120 

ns 

IDT721264 MPY 64-Bit Functions 

- 

120 

- 

160 

- 

200 

- 

240 

ns 


Pipelined Total Latency 











IDT721265 ALU All Functions 

— 

360 

— 


— 

600 

— 

720 

ns 


IDT721264 MPY 32-Bit Functions 

- 

210 

- 

HI 

- 

350 

- 

420 

ns 

*LAP 

IDT721264 MPY 64-Bit Functions 

- 

300 

- 

>;'SZ3 

- 


- 


ns 

Array Time 
(IDT721265) 

A, B register to Z register, 
pipeline registers transparent 

- 

100 

- 

120 

- 

150 

- 

180 

ns 

Array Time 

Time to Make One Pass Through 


60 


80 


100 


120 

ns 

(IDT721264) 

Multiplier Array for 64-Bit or 32-Bit 





*P64 

Time for a 64-Bit Result to go from 
the Pipeline Register to the Input 
Register of the Z-Reg (DM, DL 
Transparent) 

- 

90 

- 

120 

- 

150 

- 

180 

ns 







Time for a 32-Bit Result to go from 










*P32 

the Pipeline Register to the Input 
of the DM. DL 

- 

60 

- 

80 

- 

100 

- 

120 

ns 


Time Required for 64-Bit Data to Make 
One Pass Through the Array and the 










*FLOW64 

Transparent Pipeline Registers and 
Transparent DM, DL to the Input of 
the Z-Reg 


120 


160 


200 


240 

ns 


Time Required for 32-Bit Data to Make 
One Pass Through the Array and the 










*FLOW32 

Transparent Pipeline Registers and 
Transparent DM, DL to the Input of 
the Z-Reg 

_ 

120 

_ 

160 


200 

_ 

240 

ns 
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SIGNAL DESCRIPTIONS: 

INPUTS: 

Xo-31 (Input Operand) 

X operand inputs, 32-bit. 

Yo-31 (Input Operand) 

Y operand inputs, 32-bit. 

CONTROL: 

L0-4 (Load Control) 

The input configuration of the IDT721264and IDT721265 can be 
configured through the use of the 5-bit load control to specify the 
destination of the data from the X and Y inputs to the AM, AL, BM, 
BL registers or the arithmetic array. 

Fo- 5 (Function Control) 

The function configuration of the IDT721264 and IDT721265 
can be configured through the use of the 6-bit function control to 
specify the operation to be performed. See Tables 3 and 4 for the 
specific function controls for the multiplier and ALU. 

U0-2 (Unload Control) 

The unload control (U0-2) chooses the source of the output. 

CSL (Inp ut E nable) 

When CSL is low, input ports X and Y are enabled. I nput data 
buses may be shared with the ALU and multiplier with CSL. 

CSU (Syn chro nous Output Enable) 

When CSU is low, output port Z is enabled. There fore, 
microcode can control the three-stating of the Z output. Since CSL 
is pipelined, it takes effect 2 clock cycles after it is asserted. 

OE (Asynchronous Output Enable) 

WhenOE is high, o utput port Z is enabled. When OE is high, the 
Z output is enabled if CSU is low. 

CLK (Clock) 

The clock input. 

OUTPUTS: 

Zo-31 (Result) 

The Z result output, 32-bit, three-state. 

S0-3 (Status) 

The 4-bit status output indicates any exceptions which resulted 
from multiplier or ALU operations. 

POWER SUPPLY: 

Vcc (Power Supply) 

Two power supply pins, 5V. 

GND (Ground) 

Eight ground pins, OV. 


GENERAL OPERATING MODES 

Both the Multiplier and the ALU are architected identically with 
two input ports and one output port that surround the pipelined 
arithmetic array. The function control (6-bits) controls the selection 
of the arithmetic operations with the input and output ports con- 
trolled by a total of 8 bits of the load and unload control registers. 

INPUT PORTS 

The IDT721264 multiplier and the IDT721265 ALU have identi- 
cal input and control structures that handle data on two 32-bit 
buses (X and Y). The on-chip registers (AL, AM, BL, BM) can be 
written from either of the buses or data can be passed from the in- 
puts directly into the arithmetic unit. 

Both devices can be used in a range of bus configurations for 
operations in both 32-bit and 64-bit by configuring the input data in 
combination with the high bandwidth output. Transfers of data in- 
put and output can be made at twice the pipeline rate. The input 
buses are fully registered and can be configured for one or two 
32-bit inputs or one 64-bit output. These registers ar e loa ded on 
each LOW-to-HIGH transition of the clock provided CSL is held 
LOW. 

LOAD CONTROL 

The Load Control (Lo 4) is used to transfer data from the input 
ports to the internal registers or the arithmetic array. Lo controls the 
initiation of an operation. When this input is LOW only a data trans- 
fer occurs while, when it is held HIGH, data is transferred and an 
operation is begun. The sequence of events is as follows: two reg- 
isters (AREG and BREG) are loaded from the specified AL, AM, BL, 
BM register and the X and Y ports and the FREG is loaded from port 
F while, on the next cycle, the specified operation in the FREG be- 
gins with the data already loaded into the AREG and BREG. The X 
and Y ports can be used as single operand operations and must be 
loaded into the AREG. The configuration of these ports can be ac- 
complished by using the Mode bits M15 and M« for 16-, 32- and 
64-bit data. The most significant halves of the AREG and BREG 
must be loaded with any 32-bit operands. 

UNLOAD CONTROL 

The Unload Control (Uo-z) chooses whether the DM or DL regis- 
ter is sent to the Z register. The DM register stores the result of 32-bit 
floating-point operations. With 64-bit operations, the most signifi- 
cant 32 bits are stored in the DM register; the least significant half is 
stored in the DL register. A 32-bit result is sent from the Z register to 
the Z output port on each clock cycle. 
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TABLE 1 . LOAD CONTROL TRUTH TABLE 


L 4 

L 3 

1-2 

Li 

Lo 


0 

0 

0 

0 

0 

(0) 

0 

0 

0 

0 

1 

(1) 

0 

0 

0 

1 

0 

(2) 

0 

0 

0 

1 

1 

(3) 

0 

0 

1 

0 

0 

(4) 

0 

0 

1 

0 

1 

(5) 

0 

0 

1 

1 

0 

(6) 

0 

0 

1 

1 

1 

(7) 

0 

1 

0 

0 

0 

(8) 

0 

1 

0 

0 

1 

(9) 

0 

1 

0 

1 

0 

(10) 

0 

1 

0 

1 

1 

(11) 

0 

1 

1 

0 

0 

(12) 

0 

1 

1 

0 

1 

(13) 

0 

1 

1 

1 

0 

(14) 

0 

1 

1 

1 

1 

(15) 

1 

0 

0 

0 

0 

(16) 

1 

0 

0 

0 

1 

(17) 

1 

0 

0 

1 

0 

(18) 

1 

0 

0 

1 

1 

(19) 

1 

0 

1 

0 

0 

(20) 

1 

0 

1 

0 

1 

(21) 

1 

0 

1 

1 

0 

(22) 

1 

0 

1 

1 

1 

(23) 

1 

1 

0 

0 

0 

(24) 

1 

1 

0 

0 

1 

(25) 

1 

1 

0 

1 

0 

(26) 

1 

1 

0 

1 

1 

(27) 

1 

1 

1 

0 

0 

(28) 

1 

1 

1 

0 

1 

(29) 

1 

1 

1 

1 

0 

(30) 

1 

1 

1 

1 

1 

(31) 



Y1 -* AL; XI -¥ BL; AM, Y1 -*■ AREG; BM. XI - 


Y1 -*• AM; XI -*• BM 


Y1 -* AM; XI -*• BM; Y1 . AL -*• AREG; XI, BL — +• BREG; FI -*• FREG 


XI -* BM; Y1 -+ BL 



BM; AM, AL -*- AREG; Y1, BL -*- BREG; FI -*• FREG 



BE 





AM; XI , AL — ► AREG; BM, BL -*• BREG; FI -*■ FREG 


LOAD SEQUENCES 


32-BIT OPERATIONS WITH TWO 32-BIT PORTS 


OPERATION 

■a 

■9 

■a 

m 

m 

ITTH71 

LOAD MODE* 1 ’ 

D 

D 

D 

B 

a 

(2) 

Yl, AL — * AREG; XI, BL-*- 
BREG; FI -*• FREG; 

Y1 -*• AM; XI -*■ BM 

0 

0 

i 

i 

■ 

(7) 


NOTE: 

1 . If the mode does not change between operations, it does not need to be 
reloaded. 


64-BIT OPERATIONS USING THE X AND Y PORTS 
AS A SINGLE 64-BIT PORT 


OPERATION 

■9 

■a 

■a 

■a 

■a 

IHB71 

LOAD MODE 

B 

B 

B 

B 

B 

(2) 

XI -*• AM; Y1 -* AL 

0 

i 

0 

i 

0 

(10) 

AM, AL-*- AREG; XI, Y1 -* 
BREG; FI -* FREG; 

XI -*• BM; Y1 -*• BL 

0 

i 

0 

0 

i 

(9) 
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TABLE 2. UNLOAD CONTROL TRUTH TABLE 


csu 

u 2 

Ui 

Uo 

EDGE #1 

EDGE #2 

0 

0 

0 

0 

DM 3 i-o— ► ZR EG 

STREG1 -4 S + , ZREG -f Z + 

0 

0 

1 

0 

DM 31 - 16 , DL3i-ig — ► ZREG 

STREG1 -4- S + , ZREG -*• Z + 

0 

1 

0 

0 

DL 31 _o— ► ZREG 

STREG1 -4 S + . ZREG -+ Z + 

0 

1 

1 

0 

DM 15 _ 0 , DL 15 _ 0 -rZREG 

STREG1 -4 S + , ZREG -4 Z + 

1 

X 

X 

X 


S+ and Z+ Tri-Stated 


TABLE 3. FUNCTION CONTROLS FOR FLOATING-POINT MULTIPLIER 


OPERATION 

MNEMONIC 

F32 x F32 

MUL32 

F64 x F64 

MUL64 

W32 x F32 

MULAW32 

W64 x F64 

MULAW64 

F32 x W32 

MULBW32 

F64 x W64 

MULBW64 

W32 x W32 

MULABW32 

W64 x W64 

MULABW64 




DESCRIPTION 


Single Multiply 


Double Multiply 


Single Multiply, A Wrapped 


Double Multiply. A Wrapped 


Single Multiply, B Wrapped 


Double Multiply, B Wrapped 


Single Multiply, A & B Wrapped 


Double Multiply, A & B Wrapped 


F S F 4 

F 3 

OPERATION 

MNEMONIC 

DESCRIPTION 

0 0 

0 

(0) 

A x B 

MUL 

Multiply 

0 

0 

1 

(1) 

|A| x B 

MULABSA 

B Times Magnitude of A 


1 

0 

(2) 

A x |B| 

MULABSB 

A Times Magnitude of B 

0 

1 

1 

(3) 

|a| x |b| 

MULABSAB 

Magnitude of A Times B 

1 0 

0 

(4) 

-(A x B) 

MULNEG 

Multiply and Negate 

1 

0 

1 

(5) 

(-|A|) x B 

MULNEGA 

B Times Negative Value of A 

1 

1 

0 

(6) 

A x (-|Bj) 

MULNEGB 

A Times Negative Value of B 

1 

1 

1 

(7) 


MULNEGAB 

Negative Value of A Times B 
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MULTIPLIER OPERATION: IDT721264 

The IDT721264 has exception detection handling circuitry, a 
56 x 28-bit multiplier array, an exponent adder circuit, a normaliz- 
ing shifter and a rounding circuit for IEEE format adjustment. 

The exception detection circuit is at the beginning of the multi- 
plier. Exceptions can be Not-a-Number (NaN) or a denormalized 
input and timings are handled like normal numbers. 

A clocked 54 x 28-bit multiplier array multiplies the mantissa 
portion of the floating-point number. A single precision multiply 
takes one pass through the array; a double precision multiply takes 
two passes. Each pass through the array takes two clock cycles. 

Partial results are stored in the accumulator (an adder and a 
transparent latch). The cycle time determines the number of clock 
cycles required to complete a multiplication. A long cycle time re- 
quires fewer clock cycles to complete the operation. A clock time 
of 30ns calls for four cycles to perform a double precision multiply. 
In the first two clock cycles, the operands are multiplied in the ar- 
ray. On the second cycle, the accumulator register must be latched 
to retain the results. On the fourth cycle the accumulator register 
must be transparent so that the results are passed to the pipeline 
register. An accumulator timer can be set to latch or pass results 
one to four clock cycles after the beginning of the operation. The 
timer is reset at the beginning of each operation. 

MULTIPLIER FUNCTION CONTROL 


The multiplier controls are given in Table 3. The multiplier func- 
tions can be considered briefly in the following manner: 


F s 

f 4 

f 3 

f 2 

Fi 

Fo 

CS 

MB 

MA 

WB 

BA 

SD 


CS: 1 - > Complement sign of result 

MB: 1 -> Magnitude of B 

MA: 1 - > Magnitude of A 

WB: 1 - > Operand B is wrapped 

WA: 1-> Operand A is wrapped 

SD: 0- > Single precision operation 

SD: 1-> Double precision operation 


The Mode Control bits are loaded from the F 0-3 function control 
bits. The F5-4 function control bits determine which of the four 4 -bit 
mode control subsets is loaded. 


Fs 

F 4 

EDGE 0 

EDGE 1 

0 

0 

F — ► FI 

F -v M3-0 

0 

1 

F — ► FI 

F — ► M 7_4 

1 

0 

F — * FI 

F— tM 114 

1 

1 

F-f FI 

■an 


MULTIPLIER MODE CONTROL 

IEEE OR FAST MODE 

Mode bit Mo controls the way denormalized numbers are han- 
dled. If Mo is 0, the IEEE format is used. The multiplier generates 
denormalized operand exceptions and produces UNRM values on 
underflow exceptions. The denormalized operands are sent to the 
ALU to be wrapped; the wrapped numbers (WNRMs) can then be 
multiplied. The IEEE Compatibility section discusses this in detail. 

If Mo is 1 , the Fast mode is used in order to achieve the maxi- 
mum performance, by eliminating the direct handling of 
denormalized numbers. The multiplier flushes denormalized 


operands (DNRMs) to zero and rounds underflow or unnormalized 
results (UNRMs) to zero. Mode bit M 2 must be set to zero in the Fast 
mode. 


M 0 

DESCRIPTION 

0 

IEEE Mode 

1 

Fast Mode 


ROUNDING MODE 


Mode bits Mi , M 2 and M 3 select the Rounding mode. Renor- 
malization and IEEE rounding functions are performed between 
the pipeline register and the DM and DL registers. 


m 3 

m 2 

DESCRIPTION 

0 

0 

Round to nearest value or if a tie, round 
to even significand 

0 

1 

Round to zero 

1 

0 

Round towards positive infinity 

1 

1 

Round towards negative infinity 


PIPELINE CONFIGURATION 


Mode bit M 4 controls whether the DM and DL registers are trans- 
parent. Mode bit Ms controls whether the pipeline register is 
transparent. 


m 4 

DESCRIPTION 

0 

Transparent DM, DL 

1 

Latched DM, DL 


M s 

DESCRIPTION 

0 

Transparent pipeline register 

1 

Latched pipeline register 


ACCUMULATOR ADVANCE CONTROL 

Mode bits M 7-6 control the timing of the partial product accumu- 
lator. The accumulator is alternately latched and made transparent 
every N + 1 cycles, where N is the value of M7-0. The accumulator 
timer is reset at the beginning of each operation. The accumulator 
timer is used to achieve maximum throughput. 


m 7 

M e 

DESCRIPTION 

0 

0 

N = 1 , Clock/1 

0 

1 

N = 2 , Clock /2 

1 

0 

N = 3 , Clock /3 

1 

1 

N = 4 , Clock /4 


PIPELINE ADVANCE CONTROL 

Mode bits Mi 1-8 control the pipeline advance control of the pipe- 
line registers. If Mn-e are all zeros, the pipeline registers will only 
be latched at the beginning of an operation. If Mn_ 8 are non-zero 
values, N, the pipeline registers will be clocked at the beginning of 
every operation and every N cycles after the beginning of every op- 
eration. The internal pipeline advance timer is reset at the begin- 
ning of every operation. 

For example, if N = 4 and operations are started on cycles 0, 6 
and 10, pipeline advances will occur on cycles 0, 4, 6, 10, 14, 18 
and so on. The pipeline advance control is used to achieve maxi- 
mum throughput. 
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M„ 

M, 0 

Mg 

Mg 

DESCRIPTION 

0 

0 

0 

0 

N = 0, pipeline registers are latched 

0 

0 

0 

1 

N = 1 , pipeline registers are clocked 

1 cycle after first operation 

0 

0 

1 

0 

N = 2, pipeline registers are clocked 

2 cycles after first operation 

0 

0 

1 

1 

N = 3, pipeline registers are clocked 

3 cycles after first operation 





1 

1 

1 

1 

N = 15, pipeline registers are clocked 

15 cycles after first operation 


BUS BANDWIDTH CONTROL 

Mode bits M 13-1 2 are not used. Mode bits M 1 5-14 control the input 
bus bandwidth of the X and Y input ports. When M 15-14 are set to 
zero, the XI and Y1 registers are loaded every clock cycle from the 
X and Y ports. 


M,s 

M,4 

DESCRIPTION 

DATA PATH 

0 

0 

N = 1 , 32-but bus 

X-> XI; Y-> Y1 

0 1 

N = 2, Reserved 


1 

0 

N = 3, Unused 


1 

1 

N = 4, Unused 



ALU OPERATION: IDT721265 

The IDT721265 ALU has five basic components: exception de- 
tection circuitry, a shifter to normalize the smaller of the two input 
operands, a 57-bit adder, a shifter to renormalize the result and 
IEEE rounding circuitry. The IDT721265 is easily considered as an 
ALU with multiple internal pipeline registers. The internal pipeline 
registers and the DM and DL registers can be made transparent by 
mode bits M7-4. 

The pipeline registers are clocked at the beginning of each op- 
eration and every N cycles thereafter, when N is given a value by 
mode bits Mn-a. 

ALU FUNCTION CONTROL 

The IDT721265’s function controls are shown in Table 4. The 
IDT superset functions are highlighted in Table 5. 

The Mode Control bits are loaded from the F 3-0 function control 
bits. The F5-4 function control bits determine which of the four 4-bit 
mode control subsets is loaded. 


Fs 

Fa 

EDGEO 

EDGE 1 

0 

0 

F-4 FI 

FI -r Mj-o 

0 

1 

F— *• FI 

FI — ► M 7-4 

1 

0 

F-t- FI 

FI — ► Mn -8 

1 

1 

F -f FI 

FI — ► M 15-12 


ALU MODE CONTROL 

IEEE OR FAST MODE 

Mode bit Mo controls the way denormalized numbers are han- 
dled. If Mo is 0, the IEEE format is used. The ALU generates 
denormalized operand exceptions and produces UNRM values on 
underflow exceptions. The IEEE Compatibility section discusses 
this in detail. 

If Mo is 1, the Fast mode is used in order to achieve the maxi- 
mum performance by eliminating the direct handling of denormal- 
ized numbers. The ALU flushes denormalized operands (UNRMs) 
to zero and rounds underflow or unnormalized results (UNRMs) to 
zero. Mode bit M 2 must be set to zero in the Fast mode. 


M 0 

DESCRIPTION 

0 

IEEE Mode 

1 

Fast Mode 


ROUNDING MODE 


Mode bits Mi , M 2 and M 3 select the Rounding mode. Renor- 
malization and IEEE rounding functions are performed between 
the pipeline register and the DM and DL registers. 


m 3 

m 2 

M, 

DESCRIPTION 

0 

0 

0 

Round to nearest value or if a tie, round 
to even significand 

0 

1 

0 

Round to zero 

1 

0 

0 

Round towards positive infinity 

1 

1 

0 

Round towards negative infinity 

X 

X 

1 

Round to zero, all cases 


PIPELINE CONFIGURATION 

Mode bits M7-4 determine which of the pipeline registers and 
DM and DL registers are made transparent. If the mode bit is low, 
the corresponding register is made transparent. If the mode bit is 
high, the register is latched by the rising edge of the clock. If the 
pipeline registers are made transparent, the latency time is re- 
duced at the expense of slower overall throughput. The highest 
system throughput results from enabling all the pipeline registers. 


Mode bit M 4 controls whether the DM and DL registers are trans- 
parent. Mode bits M7-5 control which of the pipeline registers are 
transparent. 


m 7 

m 6 

M s 

m 4 

PIPE1 

PIPE2 

PIPE3 

STREG, DM, DL 


PIPELINE ADVANCE CONTROL 


Mode bits Mi 1-8 control the pipeline advance control of the pipe- 
line registers. If Mn-s are all zeros, the pipeline registers will only 
be latched at the beginning of an operation. If Mu- 8 are non-zero 
values, N, the pipeline registers will be clocked at the beginning of 
every operation and every N cycles after the beginning of every op- 
eration. The internal pipeline advance timer is reset at the begin- 
ning of every operation. 
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For example, if N = 4 and operations are started on cycles 0 , 6 
and 10, pipeline advances will occur on cycles 0, 4, 6 , 10, 14, 18 
and so on. The pipeline advance control is used to achieve maxi- 
mum throughput. 


BUS BANDWIDTH CONTROL 

Mode bits M13-12 are not used. Mode bits M15-14 control the input 
bus bandwidth of the X and Y input ports. When M15-14 are set to 
zero.theXI andYl registers are loaded every clock cycle from the 
X and Y ports. 
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TABLE 4. FUNCTION CONTROLS FOR ALU-IDT721265 


h 

mm 


F 2 

Fi 

Fo 


OPERATION 

DESCRIPTION 

0 

0 

0 

0 

0 

0 

(0) 

F32 - F32 

Single Subtract 

0 

0 

0 

0 

0 

1 

(1) 

F64 - F64 

Double Subtract 

0 

0 

0 

0 

1 

0 

(2) 


F32 - F32| 

Single ABS Subtract 

0 

0 

0 

0 

1 

1 

(3) 


F64 - F64| 

Double ABS Subtract 

0 

0 

0 

1 

0 

0 

(4) 


F32| - |F32| 

Single Subtract ABS* 1 ) 

0 

0 

0 

1 

0 

1 

(5) 


F64 - F64 

Double Subtract ABS (1) 

0 

0 

0 

1 

1 

0 

(6) 


RESERVED 

0 

0 

0 

1 

1 

1 

(7) 


RESERVED 

0 

0 

1 

0 

0 

0 

(8) 

-F32 + 0 

Single Negate 

0 

0 

1 

0 

0 

1 

(9) 

-F64 + 0 

Double Subtract 

0 

0 

1 

0 

1 

0 

(10) 

2- F32 

Single 2-A (') 

0 

0 

1 

0 

1 

1 

(11) 

2 - F64 

Double 2-Ad) 

0 

0 

1 

1 

0 

0 

(12) 

-F32 - F32 

Single 2's Complement of Addition 0) 

0 

0 

1 

1 

0 

1 

(13) 


-F64 - F64 

Double 2’s Complement of Addition* 1 ) 

0 

0 

1 

1 

1 

0 

(14) 


RESERVED 

0 

0 

1 

1 

1 

1 

(15) 


RESERVED 

0 

1 

0 

0 

0 

0 

(16) 

F32 + F32 

Single Addition 

0 

1 

0 

0 

0 

1 

(17) 

F64 + F64 

Double Addition 

0 

1 

0 

0 

1 

0 

(18) 

|F32 + F32| 

Single ABS Addition 

0 

1 

0 

0 

1 

1 

(19) 

|F64 + F64| 

Double ABS Addition 

0 

1 

0 

1 

0 

0 

(20) 

|F32| + |F32| 

Single Add ABS 

0 

1 

0 

1 

0 

1 

(21) 

|F64| + [F64| 

Double Add ABS 

0 

1 

0 

1 

1 

0 

(22) 


RESERVED 

0 

1 

0 

1 

1 

1 

(23) 


RESERVED 

0 

1 

1 

0 

0 

0 

(24) 

F32 + 0 

Single Pass 

0 

1 

1 

0 

0 

1 

(25) 

F64 + 0 

Double Pass 

0 

1 

1 

0 

1 

0 

(26) 

F32 + |F32| 

Single Mixed Addition* 1 ) 

0 

1 

1 

0 

1 

1 

(27) 

F64 + |F64| 

Double Mixed Addition (1) 

0 

1 

1 

1 

0 

0 

(28) 

|F32| + 0 

Single Pass ABS 

0 

1 

1 

1 

0 

1 

(29) 

|F64| + 0 

Double Pass ABS 

0 

1 

1 

1 

1 

0 

(30) 


RESERVED 

0 

1 

1 

1 

1 

1 

(31) 


RESERVED 

1 

0 

0 

0 

0 

0 

(32) 

COMP F32 - F32 

Single Compare 

1 

0 

0 

0 

0 

1 

(33) 

COMP F64 - F64 

Double Compare 

1 

0 

0 

0 

1 

0 

(34) 

F32 - |F32| 

Single Mixed Subtract I 1 ) 

1 

0 

0 

0 

1 

1 

(35) 

F64 - |F64| 

Double Mixed Subtract’ 1 ’ 

1 

0 

0 

1 

0 

0 

(36) 

COMP |F32| - |F32| 

Single Compare ABS 

1 

0 

0 

1 

0 

1 

(37) 

COMP |F64| - |F64| 

Double Compare ABS 

1 

0 

0 

1 

1 

0 

(38) 


RESERVED 

1 

0 

0 

1 

1 

1 

(39) 


RESERVED 

1 

0 

1 

0 

0 

0 

(40) 

COMP F32 - 0 

Single Compare with Zero 

1 

0 

1 

0 

0 

1 

(41) 

COMPF64-0 

Double Compare with Zero 

1 

0 

1 

0 

1 

0 

(42) 

— [F32| + 0 

Single Negate of ABS* 1 ' 

1 

0 

1 

0 

1 

0 

(43) 

-|F64| + 0 

Double Negate of ABS* 1 ’ 

1 

0 

1 

1 

0 

0 

(44) 

-|F32| - |F32| 

Single 2’s Complement of Add ABS* 1 ’ 

1 

0 

1 

1 

0 

1 

(45) 

-|F64| - |F64| 

Double 2’s Complement of Add ABS* 1 ’ 

1 

0 

1 

1 

1 

0 

(46) 


RESERVED 

1 

0 

1 

1 

1 

1 

(47) 


RESERVED 

1 

1 

0 

0 

0 

0 

(48) 

U32 -+ D32 EX 

Single Unwrap Exact 

1 

1 

0 

0 

0 

1 

(49) 

U64 -> D54 EX 

Double Unwrap Exact 

1 

1 

0 

0 

1 

0 

(50) 

D32 -+• W32 

Single Wrap 

1 

1 

0 

0 

1 

0 

(51) 

D64 W64 

Double Wrap 

1 

1 

0 

1 

0 

0 

(52) 

U32 -+ D32 INX 

Single Unwrap Inexact 

1 

1 

0 

1 

0 

1 

(53) 

U64 -+ D64 INX 

Double Unwrap Inexact 

1 

1 

0 

1 

1 

0 

(54) 


RESERVED 

1 

1 

0 

1 

1 

1 

(55) 


RESERVED 

1 

1 

1 

0 

0 

0 

(56) 

F32-+ 132 

Single Fix 

1 

1 

1 

0 

0 

1 

(57) 

F64 — ► 164 

Double Fix 

1 

1 

1 

0 

1 

0 

(58) 

132 -f F32 

Single Float 

1 

1 

1 

0 

1 

0 

(59) 

164 — ► F64 

Double Float 

1 

1 

1 

1 

0 

0 

(60) 

F32 — ► F64 

Single Convert to Double 

1 

1 

1 

1 

0 

1 

(61) 

F64 — + F32 

Double Convert to Single 

1 

1 

1 

1 

1 

0 

(62) 


RESERVED 

1 

1 

1 

1 

1 

1 

(63) 


RESERVED 


NOTE: 


1. IDT proprietary functions. Reserved functions in Weitek-Compatible mode. 
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TABLE 5. IDT721265 ALU SUPERSET FUNCTION CONTROLS 


F S 

f 4 


F 2 

F, 

Fo 


OPERATION 

DESCRIPTION 

0 

0 

0 

1 

0 

0 

■1 

|F32| - |F32| 

Single Subtract Absolute Value 

0 

0 

0 

1 

0 

1 


|F64| - |F64| 

Double Subtract Absolute Value 

0 

0 

1 

0 

1 

0 

(10) 

2 - F32 


Single 2 - A 

0 

0 

1 

0 

1 

1 

(11) 

2 - F64 


Double 2 - A 

0 

0 

1 

1 

0 

0 

(12) 

-F32 - F32 

Single 2’s Complement of Addition 

0 

0 

1 

1 

0 

1 

(13) 

-F64 - F64 

Double 2’s Complement of Addition 

0 

1 

1 

0 

1 

0 


F32 + |F32| 

Single Mixed Addition 

0 

1 

1 

0 

1 

1 

Wmm 

F64 + |F64| 

Double Mixed Addition 

1 

0 

0 

0 

1 

0 

KSJI 


Single Mixed Subtract 

1 

0 

0 

0 

1 

1 


. .f'; 

Double Mixed Subtract 

1 

0 

1 

0 

1 

0 

ET1 

-|F32| + 0 

Single Negate of Absolute Value 

1 

0 

1 

0 

1 

1 


-|F64| + 0 

Double Negate of Absolute Value 

1 

0 

1 

1 

0 

0 

K3I 

-|F32| - 

F32| 

Single 2’s Complement of Add Absolute Value 

1 

0 

1 

1 

0 

1 

■cal 

-|F64| - 

F64 j 

Double 2’s Complement of Add Absolute Value 


RESULTS STATUS 

The 4-bit Result Status (S3-0) indicates any exceptions or condi- 
tions of the results of a floating-point operation. Comparison condi- 
tions are shown on S3-0 when comparison operations are per- 
formed. Exception status is shown on S3-0 when exceptions occur 
on an operation. Table 6 details the results status indicators. 

TABLE 6. STATUS TRUTH TABLE 


m 


Q 

E 

■ 

COMPARISON 

CONDITION 

EXCEPTION STATUS 

0 

0 

0 

0 

(0) 

Equal 

Result = +0 or -0, exact 

0 

0 

0 

1 

(1) 

Less than 


0 

0 

1 

0 

(2) 

Greater 

than 

Result finite and < > 0, 
exact 

0 

0 

1 

1 

(3) 


Result finite and 0 0, 
inexact 

0 

1 

0 

0 

(4) 


- Not used 

0 

1 

0 

1 

(5) 


Overflow & inexact 

0 

1 

1 

0 

(6) 


Underflow 

0 

1 

1 

1 

(7) 


Underflow & inexact 

1 

0 

0 

0 

(8) 


Operand A is denormalized 

1 

0 

0 

1 

(9) 


Operand B is denormalized 

1 

0 

1 

0 (10) 


Operands A & B are 
denormalized 

1 

0 

1 

1 

(11) 


— Not used 

1 

1 

0 

0 (12) 


Operand A is NAN 

1 

1 

0 

1 

(13) 


Operand B is NAN 

1 

1 

1 

0 

(14) 


Operands A & B are NAN 

1 

1 

1 

1 

(15) 

Unordered 

Invalid Operation 


During certain operations, more than one exception may occur. 
The higher priority exception will be indicated on the result status 
output. 


PRIORITY 

EXCEPTION 


Highest 

Operands A & B are NAN 

Operand A is NAN 

Operand B is NAN 

Invalid Operation 

Operands A & B are Denormalized 

Operand A is Denormalized 

Operand B is Denormalized 

Underflow & Inexact 

Underflow 

Overflow & Inexact 

Result is Finite < > 0, Inexact 

a 

Lowest 



TIMING 

The I DT721 264 and I DT721 265 are designed to be able to oper- 
ate as pipelined processors, to maximize systems throughput or to 
be able to operate as flow-through processors to minimize the la- 
tency period from input to output result. The following figures ex- 
plain the various timing constraints for pipelined and flow-through 
modes in both single and double precision operations. 
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MULTIPLIER TIMINGS 

64-BIT MAXIMUM PIPELINED THROUGHPUT 

For maximum throughput for 64-bit multiplications, the accum- 
ulator timer should be set to clock/2 (M 7-6 = 1), the pipeline 
advance control should be set to four {Mi 1-8 = 4), the pipeline reg- 
isters should be latched (Ms = 1) and the DM and DL registers 


should be transparent (M4 = 0). The timing is shown in Figure 3. 

The first cycle after the inputs and function code are loaded, the 
64-bit multiplication begins. Two cycles later, the accumulator 
stores the partial product of the first pass through the array. Two 
cycles later, the unrounded results are latched into the pipeline 
register. Three cycles later (tp 64 ), the result is available on the out- 
put port. 



Figure 3. IDT721264 64-bit Pipelined Operation Timing 


32-BIT MAXIMUM PIPELINED THROUGHPUT 

For maximum throughput for 32-bit multiplications, the accum- 
ulator timer should be set to clock/1 (M 7 B = 0), the pipeline 
advance control should be set to two (Mi 1-8 = 2), the pipeline reg- 
isters and the DM and DL register should be latched (Ms = M 4 = 1). 
The result of the multiplication will be stored on the most significant 
half of the DM register. The timing is shown is Figure 4. 


The first cycle after the inputs and function code are loaded, the 
32-bit multiplication begins. Two cycles later, the unrounded re- 
sults are latched into the pipeline register. Two cycles later, the re- 
sults are at the input of the DM register. One cycle later (tp 32 ), the 
result is available at the input of the ZREG and can be output on the 
following cycle. 
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64-BIT MINIMUM LATENCY FLOW-THROUGH 

For minimum latency for 64-bit multiplications, the accumulator 
timer should be set to clock/2 (M7-6 = 1), the pipeline advance 
control should be set to zero (Mi 1-8 = 0) and the pipeline registers 
and DM and DL registers should be transparent (Ms = M 4 = 0). 
The timing is shown is Figure 5. 


The first cycle after the inputs and function code are loaded, the 
64-bit multiplication begins. Two cycles later, the accumulator 
stores the partial product of the first pass through the array. Four 
cycles later (tFuow64), the result is available at the input of the 2REG 
and can be output on the following cycle. 



Figure 5. IDT721264 64-bit Flow-through Operation Timing 


32-BIT MINIMUM LATENCY FLOW-THROUGH 

For minimum latency for 32-bit multiplications, the accumulator 
timer should be set to clock/2 (M 7 - 6 = 1), the pipeline advance 
control should be set to zero (Mn-a = 0) and the pipeline registers 
and DM and DL registers should be transparent (M5 = M 4 = 0). 


The result of the multiplication wi II be stored on the most significant 
half of the DM register. The timing is shown is Figure 6. 

The first cycle after the inputs and function code are loaded, the 
32-bit multiplication begins. Four cycles later (tFLow32), the result is 
available at the input of the ZREG and can be output on the follow- 
ing cycle. 



Figure 6. IDT721264 32-bit Flow-through Operation Timing 
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ALU TIMINGS 

32-BIT AND 64-BIT MAXIMUM PIPELINED 
THROUGHPUT 


should be set to two (Mn-8 = 2) and all pipeline registers should be 
enabled (M 7 = M 6 = M 5 = M 4 = 1). The timing is shown in 
Figure 7. 


The ALU has the same throughput for 32-bit and 64-bit opera- 
tions. For maximum throughput, the pipeline advance control 


CLOCK 



32-BIT AND 64-BIT MINIMUM LATENCY should be disabled (M 7 = M e = M 5 = M 4 = 0). The timing is 

FLOW-THROUGH shown in Figure 8. 


For minimum latency for ALU operations, the pipeline advance 
control should be set to zero (Mn- 8 = 0) and all pipeline registers 


CLOCK 



Figure 8. IDT721265 32-bit and 64-bit Flow-through Timing 
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CLK, CLOCK INPUT 


A, B, F, L, U INPUTS 


OE INPUT 


S, C OUTPUT 


NOTE: 

1. CSU is LOW. 



IEEE COMPATIBILITY 

The IDT721264 and IDT721265 conform to the IEEE Standard 
754, 1895 Version, which specifies floating-point processor data 
formats, rounding modes and exception handling. Many data for- 
mats are specified in the IEEE Standard 754: single precision, dou- 
ble precision, normalized numbers, denormalized numbers, 
wrapped numbers, zero and infinity. SeeTable 7. The Gradual Un- 
derflow section discusses how denormalized numbers (DNRMs) 
are handled. 

DATA FORMATS 

SINGLE PRECISION 

The chip set performs 32-bit and 64-bit IEEE standard floating- 
point operations. The 32-bit data format has a single sign bit, a 
23-bit magnitude fraction field and an 8-bit exponent field in the fol- 
lowing format: 


31 30 23 22 


0 


Sign bit 


8-bit Exponent 


23-bit Fraction 


Exponents for normalized single precision numbers range from 
1 to 254. Exponents of zero and 255 are reserved for special oper- 
ands. The exponent bias is + 127, which means that the exponent 
value is e-127. The fraction value is l.f, where 1 is the hidden bit 
and f is the fraction. The single precision number can be repre- 
sented as (1) s x 2 e ~ 127 x l.f. 

DOUBLE PRECISION 

The 64-bit data format has a single sign bit, a 52-bit magnitude 
fraction field and an 11-bit exponent field in the following format: 


exponent value is e-1023. The fraction value is l.f, where 1 is the 
hidden bit and f is the fraction. The double precision number can 
be represented as (1) s x 2 a ~ 1023 x l.f. 

NORMALIZED NUMBERS (NORM) 

Most operations are performed on normalized numbers. In nor- 
malized single precision numbers where the exponent ranges from 
1 (00000001) to 254 (1 1 1 1 1 1 10), the fraction is normalized and the 
hidden bit equals 1. This translates to a decimal number range 
from 10 + 38 to 10" 38 for both positive and negative numbers and a 
precision of 7 decimal places. 

In normalized double precision numbers where the exponent 
ranges from 1 to 2046, the fraction is normalized and the hidden bit 
equals 1 . This translates to a decimal number range from 10 + 307 to 
10 -308 for both positive and negative numbers and a precision of 15 
decimal places. 

INFINITY 

Infinity is defined as an exponent of 1 and a fraction of 0. IEEE 
Standard 754 defines both positive and negative infinity. 

ZERO 

Zero is defined as an exponent of 0, the hidden bit of 0 and a 
fraction of 0. IEEE Standard 754 defines both +0 and -0. 

DENORMALIZED NUMBERS (DNRM) 

A denormalized number is defined with an exponent of 0, the 
hidden bit of 0 and a non-zero fraction. Only the ALU can directly 
handle denormalized numbers. To multiply two denormalized 
numbers, the operands must first be wrapped by the ALU, then 
sent to the multiplier for the multiplication of two wrapped (and nor- 
malized) numbers. 

WRAPPED NUMBERS (WNRM) 


63 62 


52 51 


Sign bit 


11-bit Exponent 


52-bit Fraction 


Exponents for normalized double precision numbers range 
from 1 to 2046. Exponents of zero and 2047 are reserved for special 
operands. The exponent bias is + 1023, which means that the 


A wrapped number is created by normalizing a denormalized 
number’s fraction and subtracting the number of shifts from the ex- 
ponent. The fraction is shifted left until the hidden bit is 1 . The expo- 
nent equals one minus the number of shifts and is in two’s comple- 
ment format. Only the ALU can wrap denormalized numbers and 
the multiplier can operate on one or two wrapped numbers. 
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UN-NORMALIZED NUMBERS (UNRM) 

An un-normalized number results from an addition or multiplica- 
tion which is smaller than the minimum representable normalized 
number. An un-normalized number has a wrapped exponent, a 
hidden bit of 1 and a normalized fraction. The smallest un-normal- 
ized number (UNRM. MIN) is the result of multiplying the two 
smallest denormalized numbers (DNRM.MIN). 


NOT-a-NUMBER (NaN) 

Not-a-Number is a special data format to flag data overflow or 
underflow, uninitialized operands and invalid operations 
(i.e., 0 x oo). Not-a-Number has an exponent of all Is and a non- 
zero fraction. 


TABLE 7. IEEE SINGLE PRECISION FORMATS SUPPORTED BY THE IDT721264 AND IDT721265 


OPERAND ' 

EXPONENT 

FRACTION 

HIDDEN BIT 

VALUE 

NAN 

255 

ANY 

N/A 

NONE 

INFINITY 

255 

ALL O's 

1 

(-1) s oo 

NORM. MAX 

254 

ALL 1 ’s 

1 

(-1) s x 2 127 x (2) 

NORM 

1 to 254 

ANY 

1 

(-1) s x 2 e ~ 127 x (l.f) 

NORM. MIN 

1 

ALL O's 

1 

(~1) s x 2~ 126 x (1) 

DNRM.MAX 

0 

ALL 1's 

0 

(-I)S x 2~ 126 

DNRM 

0 

ANY 

0 

(-l)Sx 2-126 X (0.f) 

DNRM.MIN 

0 

000.. .01 

0 

(-l)s x 2~ 126 2~ 23 

WNRM.MAX 

0 

ALL 1's 

1 

(-I)S x 2-128 

WNRM 

0 to (-22) 

ANY 

1 

(-1) s x2 e -127 X (1.f) 

WNRM.MIN 

-22 

ALL O's 

1 

(-1) s x 2" 149 

UNRM. MAX 

0 

ALL 1's 

1 

(_1)Sx2- 1 26 

UNRM. MIN 

-171 

ALL O's 

1 

(-1) s x 2" 298 ■ 

ZERO 

0 

ALL O's 

1 

(-I)S 0 


ROUNDING MODES 

The chip set supports the four IEEE Standard 754 rounding 
modes: round to nearest, round toward zero, round toward plus 
infinity and round toward minus infinity. Biased rounding or unbi- 
ased rounding may occur. Biased rounding introduces a small off- 
set in the direction of the bias. IEEE Standard 754 specifies positive 
bias, negative bias and bias toward zero. Unbiased rounding 
rounds toward the nearest representable number. If a number is 
halfway between two representable numbers, the number is 
rounded towards the nearest even number which averages the 
rounding up and down. 

ROUND TO NEAREST (RN) 

The result is rounded to the nearest representable number. If a 
number is halfway between two representable numbers, the num- 
ber is rounded towards the nearest even number. 

ROUND TOWARDS ZERO (RZ) 

The result is rounded to the nearest representable number not 
greater in magnitude than the number. 

ROUND TOWARD PLUS INFINITY (RP) 

The result is rounded to the nearest representable number not 
less than the number. 

ROUND TOWARD MINUS INFINITY (RM) 

The result is rounded to the nearest representable number not 
greater than the number. 

If the result of an operation is less than the minimum 
representable number, the underflow condition exists and is han- 


dled differently in the multiplier and ALU. In the Fast mode the 
underflow result is set to zero for both the multiplier and ALU. In the 
IEEE mode, the multiplier will not round the underflow result but 
will wrap it. The inexact status bit, So, is one if any of the truncated 
bits contains a one. The ALU can unwrap the result, using the “UN- 
WRAP EXACT” or “UNWRAP INEXACT” depending on the value of 
So. The ALU status register will show whether the result is exact or 
inexact. 

EXCEPTION HANDLING 

The chip set performs exception handling according to the I EEE 
Standard 754. The status bits are pipelined synchronously with the 
operands and partial results. The status bits are stored in the 
STREG1 when the result is clocked into the output register until the 
rising edge of the next clock cycle. 

The result of an ALU Compare operation is shown on the status 
output. A Compare result supersedes an exception status. 

INEXACT (I NX) 

When the result of an ALU or multiplier operation losses accu- 
racy, an Inexact status is shown. The ALU computes more that 23 
fraction bits in a single precision and 53 bits in double precision. If 
any of the lesser significant bits equals 1 , then an I NX is signaled. In 
floating-point to fixed-point conversions, any loss of accuracy will 
signal INX. For normalized number operations, INX will not be sig- 
naled. 

UNDERFLOW (UNF) 

Underflow is asserted if a rounded result is less than the mini- 
mum normalized number. If the result is exactly zero, UNF will not 
be asserted. 
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IDT721264/IDT721265 32-BIT AND 64-BIT 
IEEE FLOATING-POINT MULTIPLIER AND ALU 


OVERFLOW (OVF) 

Overflow is asserted if a rounded result is greater than the maxi- 
mum normalized number. The result is either infinity or the largest 
representable number and is a factor of the Round mode. 


RESULT 

ROUNDING MODE 

+ NORM. MAX (positive) 

RM or RZ 

-NORM. MAX (negative) 

RP or RZ 

+ oo (positive) 

RN or RP 

-oo (negative) 

RN or RM 


Overflow is also asserted if the result of a floating-to-fixed opera- 
tion overflows the 32-bit format. 

INVALID OPERATION (INV) 

The following are Invalid Operations (INV): 

• One of the operands is a NaN 

• 0 x oo 

• + oo - +oo 

• -oo + +oo 

• +oo + -oo 

• -oo — oo 

OPERATIONS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

The following tables represent different results obtained from 
different operand formats and rounding modes. Tables for both 
IEEE and Fast modes are shown. All results are in the “Result-Ex- 
ception Status” format. 

Table 8. Floating-Point Add/Subtract (“Fast” Mode) 

Table 9. Floating-Point Multiply (“Fast” Mode) 

Table 10. Floating-Point Add/Subtract (IEEE Mode) 

Table 11. Floating-Point Multiply (IEEE Mode) 

Table 12. Floating-Point Compare Status 

Table 13. Convert Single Precision to Double Precision 

Table 14. Convert Double Precision to Single Precision 

Table 15. Double Precision Float 

Table 16. Single Precision Float 

Table 17. Double Precision Fixed 

Table 18. Single Precision Fixed 

Table 19. Double Wrap Denormalized Value 

Table 20. Single Wrap Denormalized Value 

Table 21. Double Unwrap Exact Value 

Table 22. Single Unwrap Exact Value 


TABLE 8. FLOATING-POINT ADD/SUBTRACT (“FAST” MODE) 


A/B 

ZERO 

DNRM 

NRM 

INF 

NAN 

ZERO 

ok-zero <3) 

ok-zero (3) 

OK-NRM 

OK-INF 

INV-NAN 

DNRM 

ok-zero< 3 4 > 

ok-zero< 3 > 

OK-NRM 

OK-INF 

INV-NAN 

NRM 

OK-NRM 

OK-NRM 

OK-ZERO 

UNF-ZERO 

OK-NRM 

OK-INFH) 

OK-INF 

INV-NAN 

INF 

OK-INF 

OK-INF 

OK-INF 

OK-INF* 1 ! 

INV-NAN< 2 > 

INV-NAN 

NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 


NOTES: 

1. +INF+INF — ► +INF 
-INF-INF — ► -INF 

2. + INF-INF -+ NAN 
-INF+INF — ► NAN 

3. + ZERO + ZERO +ZERO (RN, RZ, RP. RM) 

-ZERO-ZERO -ZERO (RN. RZ, RP. RM) 

+ ZERO-ZERO -+ +ZERO (RN, RZ, RP) 

+ ZERO-ZERO -f -ZERO (RM) 

-ZERO + ZERO -+ +ZERO (RN, RZ, RP) 

-ZERO + ZERO — ► -ZERO (RM) 

4. OVF will produce INF or MAX.NRM, depending upon the rounding mode 
+ NRM.MAX if [(RM, RZ) AND (TRESULTS is +)] 

+ NRM.MAX if [(RM, RZ) AND (TRESULTS is -)] 

+ INF if [(RN, RP) AND (TRESULT is + )] 

-INF if [(RN, RM) AND (TRESULT is + )] 
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TABLE 9. FLOATING-POINT MULTIPLICATION (“FAST” MODE) 


A/B 

ZERO 

DNRM 

NRM 

INF 

NAN 

ZERO 

OK-ZERO 

OK-ZERO 

OK-NRM 

INF-NAN 

INV-NAN 

DNRM 

OK-ZERO 

OK-ZERO 

OK-NRM 

OK-INF 

INV-NAN 

NRM 

OK-ZERO 

OK-ZERO 

UNF-ZERO 

OK-NRM 

OK-INF® 

OK-INF 

INV-NAN 

INF 

INF-NAN 

OK-INF 

OK-INF 

OK-INF 

INV-NAN 

INV-NAN 

NAN 

.INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN ‘ 


NOTES: 

1. OVF will produce INF or MAX.NRM, depending upon the rounding mode 
+ NRM.MAX if t(RM, RZ) AND (TRESULTS is + )] 

+ NRM.MAX if (RM, RZ) AND (TRESULTS is -)] 

+ INF if [(RN. RP) AND (TRESULT is + )] 

-INF if [(RN. RM) AND (TRESULT is -)] 


TABLE 10. FLOATING-POINT ADD/SUBTRACT (IEEE MODE) 


A/B 

ZERO 

DNRM 

NRM 

INF 

NAN 

ZERO 

OK-ZERO <3) 

UNF-WNRM 

OK-NRM 

OK-INF 

INV-NAN 

DNRM 

UNF-WNRM 

UNF-WNRM 

OK-ZEROP) 

OK-NRM 

OK-NRM 

UNF-WNRM 

OK-INF 

INV-NAN 

NRM 

OK-NRM 

UNF-WNRM 

OK-NRM 

OK-INF W 

OK-ZERO 

UNF-WNRM 

OK-NRM 

OK-INF P) 

OK-INF 

INV-NAN 

INF 

OK-INF 

OK-INF 

OK-INF 

OK-INF® 

INV-NAN® 

INV-NAN 

NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 


NOTES: 

1. +INF+INF — *■ +INF 


-INF-INF -> -INF 

2. + INF-INF —* NAN 
-INF+INF— + NAN 

3. + ZERO + ZERO -*• +ZERO (RN, RZ. RP. RM) 

-ZERO-ZERO -+■ -ZERO (RN. RZ. RP. RM) 

+ ZERO-ZERO-*- +ZERO (RN. RZ. RP) 

+ ZERO-ZERO -+ -ZERO (RM) 

-ZERO-*- ZERO -*• +ZERO (RN. RZ. RP) 

-ZERO + ZERO -*• -ZERO (RM) 

4. OVF will produce INF or MAX.NRM, depending upon the rounding mode 
+ NRM.MAX if [(RM, RZ) AND (TRESULTS is +)] 

+ NRM.MAX if [ RM, RZ) AND (TRESULTS is -)] 

+ INF if [(RN, RP) AND (TRESULT is +)] 

-INF if [(RN, RM) AND (TRESULT is +)] 


TABLE 11. FLOATING-POINT MULTIPLICATION (IEEE MODE) 


A/B 

ZERO 

DNRM 

NRM 

INF 

NAN 

ZERO 

OK-ZERO 

OK-ZERO 

OK-ZERO 

INF-NAN 

INV-NAN 

DNRM 

~ OK-ZERO 

OK-ZERO 

DIN-ZERO 

OK-INF 

INV-NAN 

NRM 

OK-ZERO 

OK-ZERO 

UNF-ZERO 

OK-NRM 

OK-INF® 

OK-INF 

INV-NAN 

INF 

INF-NAN 

OK-INF 

OK-INF 

OK-INF 

INV-NAN 

NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 

INV-NAN 


NOTES: 

1. OVF will produce INF or MAX.NRM, depending upon the rounding mode 
+ NRM.MAX if [(RM, RZ) AND (TRESULTS is +)] 

+ NRM.MAX if [(RM, RZ) AND (TRESULTS is -)] 

+ INF if [(RN, RP) AND (TRESULT is + )] 

-INF if [(RN, RM) AND (TRESULT is +)] 
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IDT721 264/1 DT721 265 32-BIT AND 64-BIT 
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TABLE 12. FLOATING-POINT COMPARE STATUS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



NOTE: 

1 . Equal, less than or greater than 
E-A = B 
L-A < B 
G-A > B 
U— Unordered 


TABLE 14. CONVERT DOUBLE TO SINGLE 


F64 OPERAND 


F32 RESULT 


STATUS COMMENTS 


TABLE 13. CONVERT SINGLE TO DOUBLE 







































































































































































































































































































I DT721 264/1 DT72 1265 32-BIT AND 64-BIT 
IEEE FLOATING-POINT MULTIPLIER AND ALU 
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TABLE 15. DOUBLE FLOAT 


132 -* F64 | 

132 OPERAND 

F64 RESULT 

STATUS 

COMMENTS 

077777 

177777 

040737 

177700 

177777 

000000 

2 

+ MAX 
OPERAND 

077777 

177776 

040737 

177600 

177777 

000000 

2 


000000 

000002 

040000 

000000 

000000 

000000 

2 

+ 2 

000000 

000001 

037760 

000000 

000000 

000000 

2 

+ 1 

000000 

000000 

000000 

000000 

000000 

000000 

0 

ZERO 

177777 

177777 

137760 

000000 

000000 

000000 

2 

-1 

177777 

177776 

140000 

000000 

000000 

000000 

2 

-2 

100000 

000002 

140737 

177600 

177777 

000000 

2 


100000 

000001 

140737 

177700 

177777 

000000 

2 


100000 

000000 

140740 

000000 

000000 

000000 

2 

-MAX 

OPERAND 


TABLE 16. SINGLE FLOAT m 


132 -► F32 

132 OPERAND 

F32 RESULT 

STATUS 

COMMENTS 

077777 

177777 

047400 

000000 

3 

+ MAX OPERAND 

077777 

177700 

047400 


3 

- 

077777 

177600 

047377 

177777 

2 

- 

000000 

000002 

040000 


2 

+ 2 

000000 

000001 

037600 

000000 

2 

+ 1 

000000 

000000 

000000 

000000 

0 

ZERO 

177777 

177777 

137600 


2 

-1 

177777 

177776 

140000 

000000 

2 

-2 

100000 

000000 

147400 

000000 

2 

-MAX OPERAND 


NOTE: 

1. Round Mode = RN 


TABLE 17. DOUBLE FIX (1) 


F64 -+ 132 ' 

F64 OPERAND 

132 RESULT 

STATUS 

COMMENTS 

077777 

177777 

177777 

177777 

077777 

177777 

12 

NAN 

077760 

000000 

000000 

000000 

077777 

177777 

5 

+ INF 

077757 

177777 

177777 

177777 

077777 

177777 

5 

+ MAX.NRM 
OPERAND 

040737 

177740 

177777 

000000 

077777 

177777 

5 

+ OVF 

040737 

177700 

177777 

000000 

077777 

177777 

2 

+ MAX 
RESULT 

040000 

000000 

000000 

000000 

000000 

000002 

2 

+ 2 

377760 

000000 

000000 

000000 

000000 

000001 

2 

+ 1 

037750 

000000 

000000 

000000 

000000 

000001 

3 

+ 1 

037740 

000000 

000000 

000000 

000000 

000000 

3 

ZERO 

000020 

000000 

000000 

000000 

000000 

000000 

3 

+ MIN.NRM 

000000 

000000 

000000 

000001 

000000 

000000 

3 

+ MIN.NRM 

000000 

000000 

000000 

000000 

000000 

000000 

0 

+ ZERO 

177760 

000000 

000000 

000000 

100000 

000000 

5 

-INF 

177757 

177777 

177777 

000000 

100000 

000000 

5 

-MAX.NRM 

OPERAND 

140740 

000100 

000000 

000000 

100000 

000000 

5 

-OVF 

140740 

000000 

000000 

000000 

100000 

000000 

2 

-MAX 

RESULT 

140000 

000000 

000000 

000000 

177777 

177776 

2 

-2 

137760 

000000 

000000 

000000 

177777 

177777 

2 

-1 

137750 

000000 

000000 

000000 

177777 

177777 

3 

-1 

137740 

000000 

000000 

000000 

000000 

000000 

3 

ZERO 

100200 

000000 

000000 

000000 

000000 

000000 

3 

-MIN.NRM 

100000 

000000 

000000 

000001 

000000 

000000 

3 

-MIN.DNRM 

100000 

000000 

000000 

000000 

000000 

000000 

0 

-ZERO 


NOTE: 

1. Round Mode = RN 
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TABLE 18. SINGLE FIX (1) 


F32 -4 132 

F32 OPERAND 

132 RESULT 

STATUS 

COMMENTS 

077777 

177777 

077777 

177777 

12 

NAN 

077600 

000000 

077777 

177777 

5 

+ INF 

077577 

177777 

077777 

177777 

5 

+ MAX.NRM 

047400 

000000 

077777 

177777 

5 

+ OVF 

047377 

177777 

077777 

177600 

2 

+ MAX RESULT 

040000 

000000 

000000 

000002 

2 

+ 2 

037600 

000000 

000000 

000001 

2 

+ 1 

037500 

000000 

000000 

000001 

3 

4-1 

000200 

000000 

000000 

000000 

3 

4-MIN.NRM 

000000 

000001 

000000 

000000 

3 

4-MIN.DNRM 

000000 

000000 

000000 

000000 

2 

4- ZERO 

177600 

000000 

100000 

I»W»V«M 

5 

-INF 

177577 

177777 

100000 


5 

-MAX.NRM 

147400 

000001 

100000 

000000 

5 

-OVF 

147400 

000000 

100000 

000000 

2 

-MAX RESULT 

140000 

000000 

177777 

177776 

2 

-2 

137600 

000000 

177777 

177777 

2 

-1 

137500 

000000 

177777 

177777 

3 

-1 

137400 

000000 

000000 

000000 

3 

-ZERO 

100200 

000000 

000000 

000000 

3 

-MIN.NRM 

100000 

000001 

000000 

000000 

3 

-MIN.DNRM 

100000 

000000 

000000 

000000 

0 

-ZERO 


NOTE: 

1. Round Mode = RN 


TABLE 19. 

DOUBLE WRAP DENORMALIZED VALUE 


D64 -4 W64 

D64 OPERAND 

W64 RESULT 

STATUS 

COMMENTS 

000000 

000000 

000000 

000001 

076320 

000000 

000000 

000000 

2 

-t-MIN.DNRM 

000010 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

2 

- 

000017 

177777 

177777 

177777 

000017 

177777 

177777 

177776 

2 

4 - MAX.DNRM 


TABLE 20. 

SINGLE WRAP DENORMALIZED VALUE 


D32 -4 W32 

D32 OPERAND 

W32 RESULT 

STATUS 

COMMENTS 

100000 

000001 

172400 

000000 

2 

-MIN.DNRM 

100100 

000000 

100000 

000000 

2 

- 

100177 

177777 

100177 

177776 

2 

-MAX.DNRM 


TABLE 21. DOUBLE UNWRAP EXACT VALUE (1) 


U64 - 4 - D64 

U64 OPERAND 

D64 RESULT 

STATUS 

COMMENTS 

000017 

177777 

177777 

177777 

000020 

000000 

000000 

000000 

3 

4- MIN.NRM 
RESULT 

000000 

000000 

000000 

000000 

000010 

000000 

000000 

000000 

6 

4-UNF 

077777 

177777 

177777 

177777 

000010 

000000 

000000 

000000 

7 

- 

076320 

000000 

000000 

000000 

000000 

000000 

000000 

000001 

6 

4-MIN.DNRM 

RESULT 

076317 

177777 

177777 

177777 

000000 

000000 

000000 

000001 

7 

- 


NOTE: 

1. Round Mode = RN 


TABLE 22. 

SINGLE UNWRAP EXACT VALUE (1) 


U32 -4 D32 

U32 OPERAND 

D32 RESULT 

STATUS 

COMMENTS 

100177 

177777 

100200 

000000 

3 

- 

100000 

000000 

100100 

000000 

6 


177777 

177777 

100100 

000000 

7 

- 

172400 

000000 

100000 

000001 

6 

- 

172577 

177777 

100000 

000002 

7 

- 


NOTE: 

1. Round Mode = RN 
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GRADUAL UNDERFLOW 

The minimum normalized number has an exponent of one and a 
fraction field of zero. Zero has an exponent of zero and a fraction 
field of all zeros. This gives users the ability to deal with numbers 
between NORM.MIN and ZERO. These numbers are known as 
denormals. Theirformat is given in the number format section. The 
IEEE standard has specified gradual underflow as the way to han- 
dle denormals. Many of the features of the IDT721264 and 
IDT721265 are included to deal with denormals in a manner con- 
sistent with IEEE Standard 754. Since denormals are very close to 
zero, many applications can substitute zero for a denormal without 
a significant loss of accuracy. For these applications, a “FAST” 
mode is included which substitutes zero for all denormalized in- 
puts to the IDT721264 and IDT721265. Zero is also inserted for all 
UNRM outputs in “FAST” mode. 

For all arithmetic operations, the 1DT721265 handles denormal- 
ized inputs directly as it would handle and other number. 

Unfortunately, a floating-point multiplier must either operate 
exclusively on normalized numbers or suffer large cost and 
performance penalties in dealing directly with denormals. A nor- 
malized format that yields an equivalent to a given denormalized 
number is the wrapped format. The number format table shows the 
equivalence of wrapped and denormalized numbers. To translate 
a denormalized number to a wrapped number, the fraction is nor- 
malized (shifted up so that a one is in the hidden bit) and one is 
subtracted from the exponent for every position shifted. The 
IDT721264 can multiply correctly either two wrapped numbers ora 
wrapped and a normalized number. To understand the full proce- 
dure, consider the following case. 

Assume one of the two input operands to the IDT721264 isade- 
normalized number. Four cycles after the input, the denorm 


ORDERING INFORMATION 


BLANK Commercial (0°C to +70°C 

B Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B 

G Pin Grid Array 

30 (Commercial only) 

40 

50 Clock Cycle Time (ns) 

60 

L Low Power 

721264 32-/64-Bit Floating-Point Multiplier 

721 265 32-/64-Bit Floating-Point ALU 



exception is flagged. The denormalized operand must then be sent 
to the IDT721265 to be wrapped. Once wrapped, the operand can 
be sent back to the IDT721264 for multiplication. The result o the 
multiplication will either be a normalized number or a UNRM. 

If the result is a UNRM, status bit So indicates either UNF (if all 
the truncated bits are equal to zero) or UNF-INX (if any of the 
truncated bits is equal to one). 

No rounding will occur regardless of the rounding mode 
specified. 

The underflowed number may then be sent to the I DT721 265 for 
“unwrapping”. To unwrap a number, the fraction field is shifted 
right and the exponent incremented by one for each shift position. 
Status bit So must be used to conditionally execute the “UNWRAP 
INEXACT” or “UNWRAP EXACT” instruction. The rounding must 
be performed in the ALU. The unwrapping may have three possible 
results: 

RESULT EXCEPTION COMMENT 

DNRM UNF When the denormalized result is 

exact. Note that this result is possible 
only if the UNWRAP EXACT 
instruction is possible (i.e., both the 
input and the result must be exact). 

DNRM UNF-INX If either the ‘UNWRAP INEXACT" 

instruction is executed or if the 
result of the “UNWRAP INEXACT” 
instruction is inexact. 

ZERO INX The result is zero, but the 

unwrapping has resulted in the loss 
of precision. 
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16 x 16-BIT PARALLEL 

IDT7216L 

CMOS MULTIPLIERS 

IDT7217L 


FEATURES: 


DESCRIPTION: 


• 16x16 parallel multiplier with double precision product 

• 20ns clocked multiply time 

• Low power consumption: 120mA 

• Produced with advanced submicron CEMOS high- 
performance technology 

• IDT7216L is pin- and functionally-compatible with TRW 
MPY016H/K and AMD Am29516 

• IDT7217L requires only single clock with register enables 
making it pin- and functionally-compatible with AMD 
Am29517 

• Configured for easy array expansion 

• User-controlled option for transparent output register mode 

• Round control for rounding the MSP 

• Single 5V power supply 

• Input and output directly TTL- compatible 

• Three-state output 

• Available in plastic DIP, Shrink-DIP, Fine-Pitch LCCr LCC, 
PLCC, Flatpack and Pin Grid Array 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87531 is pending listing on 
this function. Refer to Section 2/page 2-4. 


The IDT7216/IDT7217 are high-speed, low-power 16 x 16-bit 
multipliers ideal forfast, real time digital signal processing applica- 
tions. Utilization of a modified Booths algorithm and IDT’s high- 
performance, submicron CEMOS technology, has achieved 
speeds comparable to bipolar (20ns max.), at l/10th the power 
consumption. 

The I DT721 6/1 DT721 7 are ideal for applications requiring high- 
speed multiplication such as fast Fourier transform analysis, digital 
filtering, graphic display systems, speech synthesis and recogni- 
tion and in any system requirement where multiplication speeds of 
a mini/microcomputer are inadequate. 

All input registers, as well as LSP and MSP output registers, use 
the same positive edge-triggered D-type flip-flop. In the IDT7216, 
there are independent clocks (CLKX, CLKY, CLKM, CLKL) associ- 
ated with each of these registers. The IDT7 217 h as only a single 
clock input (CLK) and three re giste r enables. ENX and ENY control 
the two input registers, while ENP controls the entire product. 

The I DT7216/I DT7217 offer additional flexibility with the FA con- 
trol and MSPSEL functions. The FA control formats the output for 
two’s complement by shifting the MSP up one bit a nd then repeat- 
ing the sign bit in the MSB of the LSP. The MSPSEL low selects the 
MSP to be available at the product output port, while a high selects 
the LSP to be available. Keeping this pin low will ensure compati- 
bility with the TRW MPY016H. 

The I DT721 6/1 DT721 7 multipliers are manufactured in compli- 
ance with the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of per- 
formance and reliability. 



FUNCTIONAL BLOCK DIAGRAMS 


CLKY 

CLKX 


FA 

FT 

CLKM 

CLKL 

MSPSEL 

OEP 


X M * 15-0 RND Y m Xs-o^s-o 



CLK 

ENX 

ENY 


FA 

FT 

ENP 

MSPSEL 

OEP 


X M X 15-0 Y M Y 15-o/ P 15-0 



MSP out (P31 -Pie) 

1DT7216 

CEMOS is a trademark of Integrated Device Technology, Inc. 
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© 1987 Integrated Device Technology, Inc. 
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IDT7216L/IDT7217L 16 x 16-BIT 

PARALLEL CMOS MULTIPLIERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


IDT7216 


IDT7216/IDT7217 


OEL C 
CLKL C 
CLKY C 
Po. Y 0 3 
Pi. Y, 

p 2 .y 2 

P 3 .Y 3 


Pr.Y 7 

Pe.Ye 

P.. y 8 

P 10. Y10 

P„. Y„ 

P«. y , 2 

P 13. Y,3 
P 14 . Y 14 

P,o. Y,b 
P o, P ,6 
Pi. P ,7 
P* P,e 

P 3 . PlB [— , 
P4. Pa 3 
Po. P s 3 
Po. P; 

P7. P; 


1 


64 

2 


63 

3 


62 

4 


61 

5 


60 

6 


59 

7 


58 

8 


57 

9 


56 

10 


55 

11 


54 

12 


53 

13 


52 

14 


51 

15 

16 

P64-1 

& 

50 

49 

17 

C64-1 

48 

18 


47 

19 


46 

20 


45 

21 


44 

22 


43 

23 


42 

24 


41 

25 


40 

26 


39 

27 


38 

28 


37 

29 


36 

30 


35 

31 


34 

32 


33 


V CC 

v cc 


P 10. Psi 

P 14. Poo 

P 13. P 29 

P 12. P 28 
P„. P27 

PlO. P 28 


64-PIN DIP 
TOP VIEW 


X 3 
x 2 
X, 

Xo M 
UEL q 
CLK ^ 

or? 

Po. Y 0 
P„ Y, 


P 10. Y t0 
P,i. Y„ 

P 12. Y 12 

P, 3 » Y„ 

P 14 . Y t4 

P io. Y )5 
Po. P,e 
P,. P, 7 
P 2 . Pis 
P3. Pi 9 
P4. P20 

Po. P 2 1 


IDT7217 


1 


64 

□ 

X 5 

2 


63 

J 

Xg 

3 


62 

□ 

X 7 

4 


61 

□ Xg 

5 


60 

□ 

Xb 

6 


59 

□ 

X 10 

7 


58 

□ 

X„ 

8 


57 

□ 


9 


56 

□ 


10 


55 

□ 


11 


54 

□ 

X ,5 

12 


53 

□ ENX 

13 


52 

□ 

RND 

14 


51 

□ 

X M 

15 

16 

P64-1 

& 

50 

49 

J 

□ 

Ym 

17 

C64-1 

48 

□ 

Vcc 

18 


47 

□ 

GND 

19 


46 

J 

GND 

20 


45 

□ MSPSEL 

21 


44 

□ 

FT 

22 


43 

□ 

FA 

23 


42 

□ UEP 

24 


41 

□ 

ENP 

25 


40 

□ 


26 


39 

□ 

P 14> ^30 

27 


38 

J 

P 13, P 29 

28 


37 

“I 

P, 2. P 2 8 

29 


36 

□ 

P, 1 , P 2 7 

30 


35 

□ 

P 10, P 26 

31 


34 

□ 


32 


33 

□ 

Pe. P 24 


X= 

Xe 
X 7 
X e 
X 9 
X,0 
X„ 

X12 
N/C 

Xl3 

X 14 

X 15 

*(ENX)/CLKX 
RND 
X M 
Ym 
V cc C 
Vcc C 
GND IZ 
GND C 
GND C 
MSPSEL C 
FT IZ 
FA IZ 

CEP IZ 

*(ENP)/CLKM tZ 
N/C IZ 
P,o. P a , IZ 
Pi 
Pi 
Pi 
Pi 
P, 

P 


C68-1 


68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 
60 □ 
59 □ 
58 □ 
57 □ 
56 □ 
55 □ 
54 □ 
53 □ 
52 □ 
51 □ 
50 □ 
49 Z) 
48 □ 
47 □ 
46 □ 
45 □ 
44 □ 
43 □ 
42 □ 
41 □ 
40 □ 
39 □ 
38 □ 
37 □ 
36 □ 
35 □ 


X 4 

X 3 

X 2 

X, 

Xo 

UEC 

CLKL/(CLK)* 
CLKY/(ERY)‘ 
N/C 
Po. Y 0 
P„ Y, 

p 2 .y 2 
p 3 . y 3 

P 4 .Y 4 

p 5 .y 5 

Pe. Y e 

p 7 .y 7 
p b . y 8 

P 8 . Yg 
P 10. Y 10 
P,1. Y„ 

P 12. Y 12 
P, 3 . Y ,3 
P, 4 . Y 14 
P 10. Y,o 
Po. Pie 
P,. P ,7 

P 2 . PlB 
Ps. PlB 
P4. P20 
Po, P*1 
Pe. P22 

P7, P 23 

Pe. P24 


68-PIN SHRINK-DIP 
TOP VIEW 


(IDT7217 Pin Designation) 


64-PIN DIP 
TOP VIEW 
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IDT7216L/IDT7217L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RAT1NGS (1) RECOMMENDED DC OPERATING CONDITIONS 


DC ELECTRICAL CHARACTERISTICS-FAST 

(Commercial Vcc = 5V±10%,T A = 0°C to +70°C, Military Vcc = 5V ±10%, T A = -55°C to +125°C) for Commercial clocked multiply times of 
20. 25. 35. 45, 55. 65ns or Military. 25. 30, 40. 55, 65. 75ns 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

— ?inii 
rTfflMws iiTtvi 

MIN. 

MILITARY 

TYP. (1) 

MAX. 

UNIT 

iy 

Input Leakage Current 

Vcc = Max., V, N = 0 to Vcc 

- 

- 

10 

- 

- 

20 

M-A 

I'loI 

Output Leakage Current 


- 

- 

10 

- 


20 

M-A 

F3M 

Operating Power Supply Current 

Outputs Open Measured at 10MHz (2) 

- 

40 

80 

- 

40 

100 

mA 


Quiescent Power Supply Current 

V| N >v IH .v IN •£ v, L 

- 

20 

40 

- 

20 

50 

mA 

— 

Quiescent Power Supply Current 

V, N & V cc -0.2V. V 1N £ 0.2V 

- 

4 

20 

- 

4 

25 

mA 

■MM 

Increase in Power Supply Current MHz 

Vcc = Max- f > 10MHz 

- 

- 

4 

- 

• - 

6 

mA/MHz 

Em 

Output High Voltage 

Vqq = Min., 1 qi_j — -2.0mA 

2.4 

- 

- 

2.4 


- 

V 

CBM 

Output Low Voltage 

V cc = Min., 'oL = 

- 

- 

0.4 

- 

- 

0.4 

V 


NOTES: 

1. Typical implies Vcc = 5VandT A = +25°C. 

2. ■cc is measured at 10MHz and V,N = 0 to 3V. For frequencies greater than 1 0MHz, the following equation is used for the commercial range: l cc = 80 + 
4(f-10)mA; for the military range. Icc= 100 + 6(f-10). f = operating frequency in MHz. f = 1/tMucfor IDT7216 and f = IAmc for IDT7217. 

3. -, For frequencies greater than 10MHz. 

4. I 0L = 8mA for t MC = 20 to 55ns 

DC ELECTRICAL CHARACTERISTICS-SLOW 

(Commercial V cc = 5V-fc10%.T A = 0°Cto + 70° C. Military V cc = 5V ±10%, T A = -55°Cto + 125°C) for Commercial clocked multiply times of 
75, 95. 140ns or Military, 90. 120. 185ns 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

— STCiTOI 

MIN. 

MILITARY 

TYP. (1) 

MAX. 

UNIT 

him 

Input Leakage Current 

Vcc = Max.. V (N = 0 to Vcc 

- 

- 

2 

- 

- 

10 

|iA 

1 *LO 1 

Output Leakage Current 

Hi Z, Vcc = Max.. Vcu-j- = 0 to Vcc 

- 

- 

2 

- 

- 

10 

M-A 

'cc (2 > 

Operating Power Supply Current 

Outputs Open Measured at 10MHz (2) 

- 

30 

60 

- 

30 

80 

mA 

*CCQ1 

Quiescent Power Supply Current 

V|n >V, H .V IN <V IL 

- 

10 

30 

- 

10 

30 

mA 


Quiescent Power Supply Current 

V, N Sr Vcc -0.2V, V| N ^ 0.2V 

- 

0.1 

1.0 

- 

1.0 

2.0 

mA 

'cc™ 

Increase in Power Supply Current MHz 

V cc = Max., f > 10MHz 

- 

- 

4 

- 

- 

6 

mA/MHz 

V OH 

Output High Voltage 

Vcc = Min., I 0H = -2.0mA 

2.4 

- 

- 

2.4 

- 

- 

V 

V 0L 

Output Low Voltage 

v cc = Min.. I 0L = 4mA 

- 

- 

0.4 

- 

- 

0.4 

V 


NOTES: 

1. Typical implies Vcc = 5VandT A = +25°C. 

2. I cc is measured at 10MHz and V| N = 0 to 3V. For frequencies greater than 10MHz. the following equation is used for the commercial range: l cc = 60 + 
4(f-10)mA, where f = operating frequency in MHz; for the military range. l C c = 80 + 6(f-10) where f = operating frequency in MHz. 

3. For frequencies greater than 10MHz. 



RATING 

COMMERCIAL 

MILITARY 

mmi 

g 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

El 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

H 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +155 

°c 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


SYMBOL 

PARAMETER 

EE 

rm 


UNIT 

Vccw 

Military Supply Voltage 

m 

El 

1 5 - 5 

mm 

V C c 

Commercial Supply Voltage 

ca 



mm. 

GND 

Supply Voltage 

o | 

0 

0 

mm 

V,H 

Input High Voltage 

E! 

- 

- 

m 

V,L 

Input Low Voltage 


- 

KOI 

■■i 















































































































IDT7216L/IDT7217L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIERS 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


CAPACITANCE (t a = +25°c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

£ 

n 

z 

> 

10 

PF 

Gout 

Output Capacitance 

1 v OUT = ov 

12 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

3ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


Vcc 



5000 



1.1K 


Vv 


Figure 1. AC Output Test Load Figure 2. Output Three-State 
Delay Load (V x = 0V or 2.6 V) 


DATA _ 
INPUT 


CLOCK 

INPUT 


TiViVAl 

iWiTiWI 




maem 

mwi 




. 


NOTE: 


3V 

THREE- 

1.5V 

STATE 

CONTROL 

0 V 


3V 

OUTPUT 

1.5V 

. THREE- 


STATE 

OV 


opposite sense. 



Figure 3. Set-Up And Hold Time Figure 4. Three-State Control Timing Diagram 


AC ELECTRICAL CHARACTERISTICS COMMERCIAL* 3 ’ (V cc = 5V±10%, T a = 0°C to +70°C) 


SYMBOL 

PARAMETER 

7216L20/25 
7217L20/25 
MIN. MAX. 

7216L35/45 
7217L35/45 
MIN. MAX. 

7216L55/65 
7217L55/65 
MIN. MAX. 

7216L75/90 
7217L75/90 
MIN. MAX. 

7216L140 
7217L140 
MIN. MAX. 

UNIT 

*MUC 

Unclocked Multiply Time 

- 

30/38 

- 

55/65 

- 

75/85 

- 

100/125 

- 

180 

ns 

MBESS 


- 

20/25 

- 

35/45 

- 

55/65 

- 

75/90 

- 

140 

ns 


X. Y, RND Set-up Time 

10/12 

- 

12/15 

- 

20 

- 

25 

- 

25 

- 


t H 

X, Y, RND Hold Time 

0/2 

- 

3 

- 

3 

- 

2/0 

- 

0 

- 

B9 

Wh 

Clock Pulse Width High 

9/10 

- 

10/15 

- 

15 

- 

20 

- 

25 

- 

ns 

Wl 

Clock Pulse Width Low 

9/10 

- 

10/15 

- 

20 

- 

20 

- 

25 

- 

ns 

tpDSEL 

■ i minr 1 1 1 ti 1 — 

- 

18/20 

- 

25 

- 

25/30 

- 

30/35 

- 

40 

ns 

tpDP 

Output Clock to P 

- 

18/20 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

*PDY 


- 

18/20 

- 

25 

- 

30 

- 

35 

- 

40 

ns 


3-State Enable Time* 2 * 

- 

18/20 

- 

25 

- 

30/35 

- 

35 

- 

40 

ns 


3-State Disable Time( 2 > 

- 

15/18 

- 

22 

- 

25 

- 

30 

- 

40 

ns 

EH 

Clock Enable Set-up Time 
(IDT7217 only) 

10 

- 

10 

- 

10 

- 

25 

- 

25 

- 

ns 


Clock Enable Hold Time 
(IDT7217 only) 

0/2 

- 

3 

- 

3 

- 

3 

- 

3 

- 

ns 

l HCL 

Clock Low Hold Time 

CLKXY Relative to CLKML 
(IDT7216 only)! 1 ) 

0 

- 

0 

- 

0 

- 

0 


0 

- 

ns 


NOTES: 

1 . To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 

2. Transition is measured +500mV from steady state voltage with loading specified in Figure 2. 

3. For test load, see Figure 1. 
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IDT7216L/IDT7217L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS MILITARY (3) (V cc = 5V ±10%, T a = -55°C to + 125°C) 



7216L25/30 
7217L25/30 
MIN. Mt 


7216L40/55 

7217L40/55 


7216L65/75 

7217L65/75 


7216L90/120 

7217L90/120 


7216L185 

7217L185 



Undocked Multiply Time 


Clocked Multiply Time 


X. Y. RND Set-up Time 


Clock Pulse Width Hiqh 


Clock Pulse Width Low 


MSPSELto Product Out 


MAX. MIN. 


38/43 I - 


MAX. MIN. 


60/75 


40/55 


MAX. MIN. 


85/951 - 


MAX. MIN. 


125/1601 - 


90/120 


12 

15/20 

25 

30 

30 

2 

3 

3 

2/0 

0 

10 

15 

15 

25/30 

_30 

10 

15 

15 

25/30 

30 




Clock Enable Hold Time 
(IDT7217 only) 


Clock Low Hold Time 
1 hcl CLKXY Relative to CLKML 

(IDT7216 only)! 1 ) 


NOTES: 

1 . To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 

2. Transition is measured + 500mV from steady state voltage with loading specified in Figure 2. 

3. For test load, see Figure 1 . 


INPUT X ( , Y ( , 
RND 


MSPSEL 



Figure 5. IDT7216 Timing Diagram 
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IDT7216UIDT7217L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIERS 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 
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Figure 6. IDT7217 Timing Diagram 


CLK 



□ 

DATA 
TO X,Y 
REGISTERS 


^ RECEIVE MSP OR LSP 


DATA OUTPUT 
TO MSP.J.SP 
REGISTERS 

-H k tHCL (IDT7216) 
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DATA 
TO X,Y 
REGISTERS 


RECEIVE MSP OR LSP | 


DATA OUTPUT 
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REGISTERS 


Figure 7. Simplified Timing Diagram-Typical Application 
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IDT7216L/IDT7217L 16 x 16-BIT 
PARALLEL CMOS MULTIPLIERS 

SIGNAL DESCRIPTIONS 

INPUTS: 

X 1N (X, s through X 0 ) 

Sixteen Multiplicand Data Inputs. 

Y, n (Y 15 through Y 0 ) 

Sixteen Multiplier Data Inputs. (This is also an output port for 

INPUT CLOCKS (IDT7216 ONLY) 

CLKX 

The rising edge of this clock loads the X 1M data input register 
along with the X mode and round registers. 

CLKY 

The rising edge of this clock loads the Y 15 ^ data input register 
along with the Y mode and round registers. 

CLKM 

The rising edge of this clock loads the Most Significant Product 
(MSP) register. 

CLKL 

The rising edge of this clock loads the Least Significant Product 
(LSP) register. 

INPUT CLOCKS (1DT7217 ONLY) 

CLK 

The rising edge of this clock loads all registers. 

ENX 

Register enable for the X 1W) data input register along with the X 
mode and round registers. 

ENY 

Register enable for the Y 15 _o data input register along with the Y 
mode and round registers. 

ENP 

Register enable for the Most Significant Product (MSP) and 
Least Significant Product (LSP). 

CONTROLS 

X M > Y m (TCX, TCY)(1> 

Mode control inputs for each data word. A LOW input desig- 
nates unsigned data input and a HIGH input designates two’s 
complement. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FA (RS)* 1 ) 

When the format adjust control is HIGH, a full 32-bit product is 
selected. When this control is LOW, a left-shifted 31-bit product is 
selected with the sign bit replicated in the Least Significant Product 
(LSP). This control is normally HIGH except for certain fractional 
two's complement applications (see Multiplier Input/Output 
Formats). 

FT 

When this control is HIGH, both the Most Significant Product 
(MSP) and Least Significant Product (LSP) registers are 
transparent. 

OEL 

Three-state enable for routing LSP through Y| N /LSP out port. 
OEP 

Three-state enable for the product output port. 

RND 

Round control for the rounding of the Most Significant Product 
(MSP). When this control is HIGH, a one is added to the Most Sig- 
nificant Bit (MSB) of the Least Significant Product (LSP). Note that 
this bit depends on the state of the format adjust (FA) control. If FA 
is LOW when RND is HIGH, a one will be added to the 2‘ 16 bit 
(P14 ). If FA is HIGH when RND is HIGH, a one will be added to the 
2 -15 bit (F^ 5 ). In either case, the LSP output will reflect this addition 
when RND is HIGH. Note also that rounding always occurs in the 
positive direction which may introduce a systematic bias. The RN D 
input is registered and clocked in at the rising edge of the logical 
OR of both CLKX and CLKY. 

MSPSEL 

When the MSPSEL is LOW, the Most Significant Product (MSP) 
is selected. When HIGH, the Least Significant Product (LSP) is 
available at the product output port. 

OUTPUTS 

MSP (P 31 through F} 6 ) 

Most Significant Product output. 

LSP (P 15 through P 0 ) 

Least Significant Product output. 

Y|5-o /LSP out (Y 15 through Y 0 or P 15 through P 0 ) 

Least Significant Product (LSP) Output available when OEL is 
LOW. This is also an output port for Y 1W) 


NOTE: 

1. TRW MPY016H/K pin designation. 
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X 15 X 14 X 13 X 12 X 11 X 1 Q X 9 X e X 7 X 6 X 5 X 4 X 3 X 2 X 1 X 0 SIGNAL 

-2° 2"' 2‘ 2 2" 3 2'“ 2'* 2* 6 2' 7 2’® 2' 9 2' ,0 2'" 2 12 2 13 2'' 4 2 15 DIGITVALUE 

Y 1 5 Y 14 Y 1 3 Y 12 Y 11 Y 1 0 Y 9 Y e Y 7 Y 6 Y 5 Y 4 Y 3 Y 2 Y 1 Y 0 SIGNAL 

77T 7 2- 3 2- 4 7 * 7 ° 2 ' ? 2* 9 2" 9 2" 10 2" ” 2 U 2 13 i’ 4 2 15 DIGITVALUE 


P 31 P 30 P 29 P 29 P 27 P 26 P 25 P 24 P 23 P 22 P 21 P 20 P 19 P 18 P 17 P 16 P 15 P 14 P 13 P 12 P 11 P 10 P 9 P 6 P 7 P 6 P 5 P 4 P 3 P 2 P 1 P 0 SIGNAL 
0 „- 2 0-3 „-4 o-S o-S o' 7 o‘ S o' 8 o -10 o" o' 12 o" 13 o’ 4 o° o 16 o" 17 o' 8 o' 18 ,- 20 ,- 2 ' o' 22 O 23 O 24 o- 25 o" 26 o" 27 o’ 28 O 29 o' 30 DIGITVALUE 



Figure 10. Fractional Mixed Mode Notation 


MANDATORY 
BINARY POINT 
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15 14 13 12 11 10 9 a 7 6 8 4 3 2 1 0 rw'rTvniuc 
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22| P 2I P 20 P ,9 P 19 P,7 P 1S P ,5 P 14 P ,3 P 12 P 11 P 10 P 9 P 9 P 7 P 6 P 5 P 4 P 3 P 2 l P . I P o I SIGNAL 


21 -20 _19 Lie I _17 Lie 15 3Ca 14 I 13 12 111 ,10 


-7 Lb LS L4 L3 L 2 


0 DIGITVALUE 





Figure 11. Integer Two s Complement Notation 


*ln this format an overflow occurs in the attempted multiplication of the two’s complement number 1,000 ... 0 with 1,000.0 yielding an erroneous 
product of -1 in the fraction case and -2 30 in the integer case. 
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16 x 16-BIT PARALLEL 
CMOS MULTIPLIER 


ADVANCE 

INFORMATION 

IDT7317 



FEATURES 

• 16 x 16-bit parallel multiplier with 32-bit output available 
immediately 

• 20ns clocked multiply time 

• Low power consumption: 80mA (worst case) 

• One clock and three register enables 

• Unsigned, Two’s Complement or Mixed mode operations 

• Flexible output scaling shifter 

• Pipeline or Flow-through modes 

• TTL-compatible input/output 

• Three-state outputs 

• Produced with advanced submicron CEMOS ™ 
high-performance technology 

• Available in 84-lead Pin Grid Array 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION 

The IDT7317 is a high-speed, low-power 16 x 16-bit multiplier 
which halves the processing time of previously available devices 
by virtue of the whole 32-bit product being accessible on the output 
bus. This feature eliminates the need for multiplexing the Most Sig- 
nificant Product (MSP) and Least Significant Product (LSP) on the 
same 16-bit output bus. IDT’s high-performance submicron 
CEMOS technology yields very fast (20ns) clocked multiply times. 

The IDT7317 is ideal for Digital Signal Processing (DSP) appli- 
cations requiring high-speed integer multiplications and requires 
the double precision 32-bit product available on the output in one 
clock cycle. Typical applications include Fast Fourier Transforms 
(FFT), digital filtering and graphic display systems. 

All input registers and MSP and LSP output registers are 
designed with positive edge triggered D-type flip-flo ps. The 
I DT7317 has one clock an d thre e register enables - ENX and EN Y 
control the input registers; ENP controls the 32-bit output register. 

An output scaling shifter can shift the 32-bit result up or down by 
one position for sign extension or for greater result accuracy. 

Military versions of the IDT7317 are manufactured in compli- 
ance with the latest revision of MIL-STD-883, Class B for high- 
reliability systems. 


FUNCTIONAL BLOCK DIAGRAMS 


ENX 

FTX 


FTP 


X M X 0-15 


Y 0-15 Y M 



OEM P 16 _3i Pq-i5 OEL 


CLK 

ENY 

FTY 


ENP 


SHO-2 

Y ss 

v cc 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 
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IDT7317 16 x 16-BIT PARALLEL CMOS 
MULTIPLIER WITH 32-BIT OUTPUT 
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PIN CONFIGURATIONS 

(CONSULT FACTORY) 

PIN DESCRIPTION 

INPUTS 

DATA INPUT (Xo-is) 

Sixteen-bit multiplicand data inputs. 

DATA INPUT (Yo-is) 

Sixteen-bit multiplier data inputs. 

OUTPUTS 

DATA OUTPUT (P 0 . 3 i) 

Thirty-two-bit product outputs, Po-15 is the LSP and Pie-31 is the 
MSP. 

CONTROLS 
CLOCK (CLK) 

Clock input, the low-to-high transition loads all registers. 

ENABLE X REGISTER (ENX) 

Register enable for the Xo-15 data input register and X mode. 

ENABLE Y REGISTER (ENY) 

Register enable for the Yo-15 data input register and Y mode. 
ENABLE P REGISTER (ENP) 

Register enable for the Po-31 data output register. 

Xm 

Mode control for input Xo-15. A low input designates unsigned 
data input; a high input designates two’s complement. 

Y m 

Mode control for input Yo-15. A low input designates unsigned 
data input; a high input designates two’s complement. 


FLOW-THROUGH-X (FTX) 

Flow-through control input. When FTX is high, the input register 
X is transparent. 

FLOW-THROUGH-Y (FTY) 

Flow-through control input. When FTY is high, the input register 
Y is transparent. 

FLOW-THROUGH-P (FTP) 

Flow-through control input. When FTP is high, the output regis- 
ter P is transparent. 

SHIFT CONTROL (SHO- 2 ) 

Shift control input pins which are used to normalize or scale the 
output as follows: 


SH2 

SHI 

SHO 

CONTROL 

0 

X 

X 

No shift 

1 

0 

0 

Shift up by 1 position arithmetic and fill 0 

1 

0 

1 

Shift up logical by 1 position and fill 0 

1 

1 

0 

Shift down by 1 position arithmetic and 
sign extension 

1 

1 

1 

Shift down logical by 1 position and fill 0 


OUTPUT ENABLE, Po -15 (OEL) 

Three-state enable for the LSP, Po-15. 


OUTPUT ENABLE, Pi6-31 (OEM) 

Three-state enable for the MSP, P16-31. 

POWER SUPPLY 

Vcco-i 

Two power supply pins, 5 V. 


VSS 0-3 

Four ground pins, OV. 






Integrated Device Technology. Inc. 


16-BIT CMOS 
EIGHT-LEVEL PIPELINE 
REGISTER 


ADVANCE 

INFORMATION 

IDT7320 


FEATURES: 

• Eight 16-bit high-speed pipeline registers 

• Configurable to four two-levei, two four-level or eight single- 
level registers 

• Powerful instruction set: Transfer, Hold, Load Directly 

• Fast 10ns access time 

• Serial Protocol Channel (SPC™ ) for diagnostics 

• Functionally replaces four Am29520s 

• Used for temporary address storage or programmable pipeline 
registers for DSP and Array Processing systems 

• Synchronous FIFO applications 

• Coefficient storage for FIR filters 

• Video delay line or temporary data storage applications 

• High-performance, low-power, submicron CEMOS ™ technol- 
ogy 

• Available in 48-pin plastic and ceramic DIP and 52-pin LCC and 
PLCC 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7320 contains eight 16-bit registers which can be con- 
figured to be four two-level, two four-level or eight single-level 


pipeline registers. Under control of four instruction bits (I 0 - 3 ), input 
data (Do-15) can be loaded directly into any of the individual regis- 
ters or entered into the multi-level pipeline registers with a Load 
and Shift instruction. Two other instructions allow contents to be 
shifted or held. 

An eight-to-one multiplexer allows data to be read from any one 
of eight registers (REGA-REQH). A3-bit multiplexer select (SEL 0 - 2 ) 
control selects which of the eight registers is available at the output 
(Yo-15). An Output Enable (OE), when low, latches output data on 
the output pins. 

Manufactured in high-speed, submicron CEMOS technology, 
the register access time is 10ns, making the IDT7320 ideal for very 
high-speed Digital Signal Processing (DSP) and Array Processing 
applications. 

The IDT7320 includes the innovative Serial Protocol Channel 
(SPC) used for system diagnostics. This on-chip feature greatly 
simplifies the task of writing and debugging microcode, field main- 
tenance debug and test and system test during manufacture. 

The IDT7320 is ideal for high-speed DSP applications which re- 
quire an easily accessible scratch pad register for coefficients or 
data. It can be used as a synchronous FI FO or for video delay lines. 

Available packages include 48-pin plastic and ceramic DIP and 
surface mount 52-pin LCC and PLCC. Military grade product is 
manufactured in compliance with the latest revision of MIL- 
STD-883, Class B. 



CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT7320 16-BIT MULTI-LEVEL PIPELINE REGISTER 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATIONS 


C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 

C 8 

C 9 

C 10 
C 11 
C 12 

C 13 
C 14 
p 15 
16 

17 

18 

19 

20 




CONSULT 38 
FACTORY " 
FOR 

PACKAGE 36 
INFO 35 
34 
33 
32 
31 


30 □ 
29 □ 
28 □ 
27 □ 
26 □ 
25 □ 


DIP 

TOP VIEW 


INDEX 



PIN DESCRIPTION 
INPUTS 

DATA IN (Do- 15 ) 

Data input port, 16 bits wide. 

CONTROL 

MULTIPLEXER SELECT (SEL 0 - 2 ) 

Three-bit load control lines select the one of eight registers ap- 
pearing on the output Yo-15. 

INSTRUCTION CONTROL (I 0 - 3 ) 

Four-bit instruction control lines which determine the operation 
to be performed on the registers. 

CLOCK (CP) 

Input clock pin. 

OUTPUT ENABLE (OE) 

Output Enable latches data onto the output pins (Yo-15) when 
low. 

SERIAL PROTOCOL CHANNEL (SPC) 

SERIAL DATA INPUT (SDI) 

Serial data input pin used for receiving diagnostic data and 
commands from a host system or from the SDO pin of a cascaded 
multi-level pipeline register. 


SERIAL DATA OUTPUT (SDO) 

Serial data output pin used for transmitting diagnostic data and 
commands to a host system or a cascaded multi-level pipeline 
register via its SDI pin. 

SERIAL CLOCK (SCLK) 

Input pin used for clocking in diagnostic data and command in- 
formation at the SDI pin. This pin should be tied low when the diag- 
nostic function is not being used. 

COMMAND/DATA (C/D) 

Command/Data input pin, when tied low, defines the bit pattern 
being received at the SDI pin as Data and, when high, defines the 
incoming pattern as a command for executing diagnostic function. 
This pin should be tied high when the diagnostics feature is not be- 
ing used. 

OUTPUTS 

DATA OUT (Yo- 15 ) 

Data output port, 16 bits wide. 

POWER SUPPLY 

Vcc 

One power supply pin, 5V. 

Vsso-i 

Two GND pins, 0V. 





FEATURES: 

• High-performance 16-bit cascadable Arithmetic Logic Unit 
(ALU) 

• Fast 30ns ALU operations (33MHz) 

• 54/74S381 instruction set 

• Pipeline or Flow-through modes 

• Input and output registers can be made transparent 

• Cascadable with or without carry lookahead 

• Internal feedback path for accumulation 

• Pin and functionally compatible with Gould S614381 and 
Logic Devices L4C381 

• High-speed, low-power submicron CEMOS ™ technology 

• Available in 68-pin surface mount PLCC and LCC and 68-pin 
PGA 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7381 is a high-speed 16-bit cascadable Arithmetic 
Logic Unit (ALU). This three-bus device consists of two input 
registers, an ultra-fast 16-bit ALU and a 16-bit output register. With 


high-performance CEMOS technology, the IDT7381 can perform 
an ALU operation in 30ns. It functionally replaces four 54/74S381 
four-bit ALUs in a compact, low-power CMOS 68-pin package. 

The arithmetic logic unit is a 16-bit ALU with full carry 
lookahead. It operates on two 16-bit operands (Ao-15 and Bo-15). 
The two-bit operand select (RS 0 - 1 ) selects the R and S operands 
for the ALU. The three-bit ALU function (ALU 0 - 2 ) selects the opera- 
tion to be performed. The IDT7381 can perform 3 arithmetic func- 
tions: Not(R) + S, R + Not(S) and R + S; 3 logical functions: 
R XOR S, R OR S and R AND S and 2 initialization functions: Set F 
to 0 and Preset F to 1. The 16-bit ALU result (F) is available on the 
output bus (Yo-15). 

The input and outpu t reg isters are enabled under control of ex- 
ternal pins: ENA, ENB and ENF, when low. The input and output 
registers can be made transparent under control of FTAB and FTF 
pins. When Output Enable (OE) is low, the result is latched on the 
output bus. 

Two status flags, Overflow (OVF) and Zero, are available as out- 
puts. Also, Propagate (P), Generate (G), Carry Out (C n +i6) and 
Carry In (C n ) are provided to cascade the IDT7381 for 32-bit or 
wider data. 

The IDT7381 is available in 68-pin surface mount, LCC and 
PLCC and Pin Grid Array. Military grade product is manufactured 
in compliance with the latest revision of MIL-STD-883, Class B, for 
high-reliability systems. 



CEMOS is a trademark of Integrated Device Technology. Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology. Inc. 
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IDT7381 16-BIT CASCADABLE ALU 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7381 16-BIT CASCADABLE ALU 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTION 
INPUTS 

DATA A INPUT (Ao-is) 

Sixteen-bit data input port. 

DATA B INPUT (B 0 -is) 

Sixteen-bit data input port 

CONTROLS 

ENABLE REG A (ENA) 

Register enable for the A Register, active low. 

ENABLE REG B (ENB) 

Register enable for the B Register, active low. 
FLOW-THROUGH REG A/B (FTAB) 

Flow-through control input. When this control is high, both reg- 
ister A and register B are transparent. 

OPERAND SELECT (RS 0 -i) 

Two-bit inputs are used to select the R-operand for ALU: 


RSELi 

RSELo 

MUXR 

MUXS 

0 

0 

A 

F 

0 

1 

A 

0 

1 

0 

0 

B 

1 

1 

A 

B 


CLOCK (CP) 

Clock Input. 

ALU INSTRUCTION (ALUo-a) 

Three-bit instruction control lines determines the ALU operation 
to be performed. 


alu 2 

ALU, 

ALU 0 

FUNCTION 

0 

0 

0 

FORCE F TO LOW 

0 

0 

1 

F = R + S 

0 

1 

0 

F = S + R 

0 

1 

1 

F = R + S 

1 

0 

0 

F = EXOR S 

1 

0 

1 

F = R OR S 

1 

1 

0 

F = R AND S 

1 

1 

1 

FORCE F TO HIGH 


ENABLE REG F (ENF) 

Register enable for output F register, active low. 
FLOW-THROUGH REG F (FT) 

Flow-through control input. When this control signal is high, the 
F register is transparent. 

OUTPUT ENABLE (OE) 

A control input pin which, when low, enables the three-state out- 
put buffer of Yo-15. When high, it disables the three-state output 
buffer. 

CARRY IN (C n ) 

Carry In signals a carry input from the lesser significant word in 
the cascaded mode. 

OUTPUTS 

DATA OUTPUT (Y 0 -is) 

Sixteen-bit output port. 

PROPAGATE(P) 

Propagate, when low, indicates the carry propagate output of 
the ALU. 

OVERFLOW (OVF) 

Overflow indicates the two’s complement overflow. 

GENERATE(G) 

Generate, when low, indicates the carry generate output of the 
ALU. 

CARRYOUT (Cn+ie) 

Carry Out indicates the carry output. 

ZERO DETECT (ZERO) 

Zero detection output is open-drain and requires a pull-up 
resistor. 

POWER SUPPLY 

Vcc 

One power supply pin, 5 V. 

GND 

One ground pin, OV. 
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BIT-SLICE MICROPROCESSOR DEVICES (MICROSLICE) AND EDC 


Today, as for the past decade, the bit-slice processor offers the 
ultimate in microprocessor flexibility and performance. Through 
architectural enhancements and a powerful CEMOS technology, 
IDT has extended bit-slice performance levels far ahead of rival 
products. 

The IDT49C400 building block family exemplifies this perform- 
ance leadership. Our new architectures enable the user to obtain 
magnitudes of increased system speed while maintaining low 
CMOS power. Featured in this standard product family are the 
world’s fastest microprogram microprocessors (including our new 
32-bit IDT49C404), sequencers and register files. Additionally, IDT 
manufactures pin-compatible CMOS 2900 products which offer 
speed upgrades of up to 50% faster than bipolar equivalents. 

IDT’s streamlined, bit-slice architectures now enable high- 
speed system designers to develop ultra-fast, innovative systems 
which use the most powerful building block product available. 

Error detection and correction play a major role in maintaining 
the integrity of data in large, high-speed memory boards. IDT’s 


new family of EDC products not only boost the reliability of memory 
systems but do it utilizing ultra-fast CEMOS technology. 

In March 1986, IDT introduced its first EDC product, the 16-bit 
IDT39C60. It was the first CMOS EDC device ever available and 
was also the world’s fastest at 20ns maximum detect time. This 
new performance plateau set the stage for IDT’s next new device, 
the industry-leading 32-bit IDT49C460. Available in April 1986, it 
too sported the Industry’s fastest speeds while consuming ultra- 
low CMOS power. It was also the only 32-bit EDC cascadable to 
64 bits, ideal for today’s large, high-speed systems. 

Additionally, both 16- and 32-bit versions are available in space- 
saving surface mount and dual in-line packages, aimed at satisfy- 
ing the most stringent commercial and military product needs. 

IDT will continue to introduce performance upgrades to its 
existing product family, while offering many new architectural 
enhancements to the world of error detection and correction 
products. 
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FOUR-BIT CMOS 

MICROPROCESSOR 

SLICE 


IDT39C01C 
IDT39C01D 
IDT39C01 E 


MICROSLICE PRODUCT 


FEATURES: 

• Low-power CEMOS ™ 

— Ice (max.) 

Military: 35mA 
Commercial: 30mA 

Fast 

— IDT39C01C— meets 2901 C speeds 

— IDT39C01D— 20% speed upgrade 

— IDT39C01E— 40% speed upgrade 

• Eight-function ALU 

— Performs addition, two subtraction operations and five logic 
functions on two source operands 

• Expandable 

— Longer word lengths achieved through cascading any 
number of IDT39C01S 

• Four status flags 

— Carry, overflow, negative and zero 

• Pin-compatible and functionally equivalent to all versions of the 
2901 


DESCRIPTION: 

The IDT39C01s are high-speed, cascadable ALUs which can be 
used to implement CPUs, peripheral controllers and programmable 
microprocessors. The IDT39C01 's microinstruction flexibility allows 
for easy emulation of most digital computers. 

This extremely low-power yet high-speed ALU consists of a 
16-word by 4-bit dual-port RAM, a high-speed ALU and the required 
shifting, decoding and multiplexing logic. It is expandable in 4-bit 
increments, contains a flag output along with three-state data out- 
puts and can easily use either a ripple carry or full lookahead carry. 
The nine-bit microinstruction word is organized into three groups of 
three bits each and selects the ALU destination register, ALU source 
operands and the ALU function. 

The IDT39C01 is fabricated using CEMOS, a CMOS technology 
designed for high-performance and high-reliability. It is a pin-com- 
patible, performance-enhanced, functional replacement for all ver- 
sions of the 2901. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 



© 1987 Integrated Device Technology, Inc. 
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1, 

z 

13 


28 

>2 

z 

14 


27 

CP 

z 

15 


26 

°3 

z 

16 


25 

B 0 

z 

17 


24 

B, 

z 

18 


23 

b 2 

z 

19 


22 

b 3 

z 

20 


21 


OE 

y 3 

Y 2 

Yt 

Yo 

P 

OVR 

Cn+4 

£ 

h 

GND 

Cn 

U 

•5 

l 3 

Do 

D, 

D 2 

d 3 

On 


) fill cn cm r- o 

b >->>->- 



NC 

P 

OVR 
Cn + 4 

S' 

F 3 

GND 

C n 

14 

Is 


FLATPACK 
(Consult Factory) 


DIP 

TOP VIEW 


topvSew 


PIN DESCRIPTIONS 


PIN NAME 

■SI 

DESCRIPTION 

Ao _ A3 

1 

Four address inputs to the register file which selects one register and displays its contents through the A port. 

B0-B3 

1 

Four address inputs to the register file which selects one of the registers in the file, the contents of which is displayed through 
the B port. It also selects the location into which new data can be written when the clock goes LOW. 

'o" *8 

1 

Nine instruction control lines which determine what data source will be applied to the ALU 1 0, 1, 2 . what function the ALU will 
perform l 3 , 5 and what data is to be deposited in the Q Register or the register file l 6 , 7, 8 ■ 

D0-D3 

1 

Four-bit direct data inputs which are the ALU data source for entering external data into the device. D 0 is the LSB. 

Y0-Y3 

0 

Four three-state output lines which, when enabled, display either the four outputs of the ALU or the data on the A port of the 
register stack. This is determined by the destination code l 6 7, 8 ■ 

f 3 

0 

Most significant ALU output bit (sign-bit). 

m 

0 

Open drain output which goes HIGH if the I5 -F 3 ALU outputs are all LOW. This indicates that the result of an ALU operation is 
zero (positive logic). 

C n 

1 

Carry-in to the internal ALU. 

c n + 4 

0 

Carry-out of the internal ALU. 

°3 

RAM 3 

I/O 

Bidirectional lines controlled by lg, 7, 8 • Both are three-state output drivers connected to the TTL-compatible CMOS inputs. 
When the destination code on 16 . 7 . 8 indicates an up shift, the three-state outputs are enabled, the MSB of the Q Register is 
available on the 0 3 pin and the MSB of the ALU output is available on the RAM 3 pin. When the destination code indicates a down 
shift, the pins are the data inputs to the MSB of the Q Register and the MSB of the RAM. 


I/O 

Both bidirectional lines function identically to Q 3 and RAM 3 lines except they are the LSB of the Q Register and RAM. 

Ge 

1 

Output enable on which, when pulled HIGH, the Y outputs are OFF (high impedance). When pulled LOW, the Y outputs are 
enabled. 

G, P 

0 

Carry generate and carry propagate output of the ALU. These are used to perform a carry-lookahead operation. 

OVR 

0 

Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most significant end of 
the word, this pin indicates that the result of an arithmetic two’s complement operation has overflowed into the sigh-bit. 

CP 

■ 

Clock input. LOW-to-HIGH clock transitions will change the Q Register and the register file outputs. Clock LOW time is internally 
the write enable time for the 1 6 x 4 RAM which compromises the master latches of the register file. While the clock is LOW, the 
slave latches on the RAM outputs are closed, storing the data previously on the RAM outputs. Synchronous MASTER-SLAVE 
operation of the register file is achieved by this. 
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IDT39C01C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEVICE ARCHITECTURE: 

The IDT39C01 CMOS bit-slice microprocessor is configured four 
bits wide and is cascadable to any number of bits (4, 8, 12, 16, etc.). 
Key elements which make up this four-bit microprocessor slice are: 
(1) the register file (16x4 dual-port RAM) with shifter, (2) ALU and (3) 
Q Register and shifter. 

REGISTER FILE - RAM data is read from the A port as controlled 
by the 4-bit A address field input. Data, as defined by the B address 
field input, can be simultaneously read from the B port of the RAM. 
This same code can be applied to the A select and B select field with 
the identical data appearing at both the RAM A port and B port out- 
puts simultaneously. New data is written into the file (word) defined 
by the B address field of the RAM when activated by the RAM write 
enable. The RAM data input field is driven by a 3-input multiplexer 
that is used to shift the ALU output data (F). It is capable of shifting 
the data up one position, down one position or not shifting at all. The 
other inputs to the multiplexer are from the RAM3 and RAMo I/O 
pins. For a shift up operation, the RAM 3 output buffer is enabled and 
the RAMo multiplexer input is enabled. During a shift down opera- 
tion the RAM 0 output buffer is enabled and the RAM 3 multiplexer 
input is enabled. Four-bit latches hold the RAM data while the clock 
is LOW with the A port output and B port output each driving sepa- 
rate latches. The data to be written into the RAM is applied from the 
ALU F output. 

ALU —The ALU can perform three binary arithmetic and five logic 
operations on the two 4-bit input words S and R. The S input field is 
driven from a 3-input multiplexer and the R input field is driven from 
a 2-input multiplexer with both having an inhibit capability. Both 
multiplexers are controlled by the lo. It, I 2 inputs. This multiplexer 
configuration enables the user to select various pairs of the A, B, D, 
Q and “0" inputs as source operands to the ALU. Microinstruction 


inputs (l 3 , L. I 5 ) are used to select the ALU function. This high-speed 
ALU also incorporates a carry-in (C n ) input, carry propagate (P) out- 
put, carry generate (G) output and carry-out (C n + 4 ) all aimed at ac- 
celerating arithmetic operations by the use of carry-lookahead 
logic. The overflow output pin (OVR) will be HIGH when arithmetic 
operations exceed the two’s complement number range. The ALU 
data outputs (Fo, Fi, F2. F 3 ) are routed to the RAM Q Register inputs 
and the Y outputs under control of the le. I 7 , is control signal inputs. 
The MSB of the ALU is output as F 3 so the user can examine the 
sign-bit without enabling the three-state outputs. An open drain out- 
put, F = 0, is HIGH when Fo = Fi = F2 = F 3 = 0 so that the user can 
determine when the ALU output is zero by wire-ORing these outputs 
together. 

Q REGISTER —The Q Register is a separate 4-bit file intended for 
multiplication and division routines and can also be used as an ac- 
cumulator or holding register for other types of applications. It is 
driven from a 3-input multiplexer. In the no-shift mode, the multi- 
plexer enters the ALU data into the Q Register. In either the shift-up 
or shift-down mode, the multiplexer selects the Q Register data ap- 
propriately shifted up or down. The Q shifter has two ports, Qo and 
Q 3 , which operate comparably to the RAM shifter. They are con- 
trolled by the le, I7. Is inputs. 

The clock input of the IDT39C01 controls the RAM, Q Register 
and A and B data latches. When enabled, the data is clocked into the 
Q Register on the LOW-to-HIGH transition. When the clock is HIGH, 
the A and B latches are open and pass data that is present at the 
RAM outputs. When the clock is LOW, the latches are closed and 
retain the last data entered. When the clock is LOW and RAM EN is 
enabled, new data will be written into the RAM file defined by the B 
address field. 


ALU SOURCE OPERAND CONTROL ALU FUNCTION CONTROL 


MNEMONIC 

MICROCODE 

ALU SOURCE 
OPERANDS 


MNEMONIC 

MICROCODE 

ALU 

FUNCTION 

SYMBOL 

B 

B 

B 

OCTAL 

CODE 

R 

S 

D 

D 

D 

OCTAL 

CODE 

AQ 

L 

L 

L 

0 

ag 

Q 


ADD 

L 

L 

L 

0 

R Plus S 

R + S 

AB 

L 

L 

H 

1 

19 

B 


SUBR 

L 

L 

H 

1 

S Minus R 

S-R 

ZQ 

L 

H 

L 

2 

0 

Q 


SUBS 

L 

H 

L 


R Minus S 

R-S 

ZB 

L 

H 

H 

3 

0 

B 


OR 

L 

H 

H 


RORS 

RVS 

ZA 

H 

L 

L 

4 

0 

A 


AND 

H 

L 

L 


RAND S 

R A S 

DA 

H 

L 

H 

5 

D 

A 


NOTRS 

H 

L 

H 

5 

RANDS 

R A S 

DO 

H 

H 

L 

6 

D 

0 


EXOR 

H 

H 

L 

6 

R EX-OR S 

R'V'S 

DZ 

H 

H 

H 

7 

D 

0 


EXNOR 

H 

H 

H 

7 

R EX-NOR S 

R'V'S 



































I DT39C01 C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ALU DESTINATION CONTROL 


MNEMONIC 

MICROCODE 

RAM 

FUNCTION 

Q REGISTER 
FUNCTION 

Y 

OUTPUT 

RAM 

SHIFTER 

Q 

SHIFTER 

D 

D 

D 

OCTAL 

CODE 

SHIFT 

LOAD 

SHIFT 

LOAD 

RAM 0 

ram 3 

Qo 

1 

QREG 


■a 

D 

0 

X 

NONE 

NONE 

F->Q 

F 

X 

X 

X 


NOP 

D 

D 

□ 

1 

X 

NONE 

X 

NONE 

F 

X 

X 

X 


RAMA 

D 

n 

D 

2 

NONE 

F— rB 

X 

NONE 

A 

X 

X 

X 

X 

RAMF 

D 

n 

a 

3 

NONE 

F— tB 

X 

NONE 

F 

X 

X 

X 

X 

RAMQD 

13 

D 

a 

4 

DOWN 

F/2— +B 

DOWN 

Q/2— >Q 

F 

F o 

in 3 

°o 

IN 3 

RAMD 

m 

D 


5 

DOWN 

F/2— *B 

X 

NONE 

F 

F o 

in 3 

Qo 

mm 

RAMQU 

D 

D 

a 

6 

UP 

2F-+B 

UP 

2Q-t-0 

F 

IN 0 

f 3 

IN 0 

mm 

RAMU 

D 

n 

n 

7 

UP 

2F— +B 

X 

NONE 

F 

IN 0 

F 3 

X 



X = DON'T CARE. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
B = Register Addressed by B inputs. 

UP is toward MSB; DOWN is toward LSB. 

SOURCE OPERAND AND ALU FUNCTION MATRIX 


mm 


l 2> i i0 OCTAL 

lima 

ALU 

FUNCTION 

0 

1 

2 

3 

4 

5 

6 

Hjj 

ALU SOURCE 

■ 


A, Q 

A, B 

© 

o 

0, B 

0, A 

D, A 

D, Q 



C n - L 

A + B 

A + B 

Q 

B 

A 

D + A 

D + Q 

D 

0 

R Plus S 

C n = H 

A + Q + 1 

A + B + 1 

0 + 1 

B + 1 

A + 1 

D + A + 1 

D + 0 + 1 

D + 1 


Cn = L 

Q - A - 1 

B- A- 1 

Q - 1 

B- 1 

A- 1 

A - D - 1 

Q-D-1 

-D - 1 

1 

S Minus R 










X 

n 

d 

< 

i 

O 

B- A 

Q 

B 

A 

A- D 

Q - D 

-D 


_j 

ii 

d 

A-Q-1 

A - B - 1 

-0-1 

-B- 1 


D-A- 1 

D-Q-1 

D - 1 

2 

R Minus S 

C n = H 

A-Q 

A- B 

-Q 

-B 

n 

< 

i 

Q 

D - 0 

D 

3 

R OR S 

A VO 

A V B 

Q 

B 

A 

D VA 

D VQ 


4 

RANDS 

A A Q 

A A B 

0 

0 

0 

DA A 

D A Q 

0 

5 

RANDS 

A A Q 

A A B 

Q 

B 

A 

DA A 

D A Q 


6 

R EX-OR S 

A'V'Q 

AVB 

Q 

B 

A 

DVA 

D-VQ 


7 

R EX-NOR S 

AVO 

AVB 

Q 

B 

A 

d¥a 

DV'Q 

5 


+ = PLUS; - = MINUS; A = AND; '7'= EX-OR; V = OR 
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IDT39C01 C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ALU LOGIC MODE FUNCTIONS 



ALU ARITHMETIC MODE FUNCTIONS 


OCTAL 
* 5 , 4 , 3 , * 2 , 1,0 



B-A- 1 
A- D - 1 

Subtract Q - D - 1 Subtract 
(1’sComp.) A-Q-1 (2's Comp.) 

A - B - 1 
D - A - 1 


*0 ~ *^o "*■ 

P i = R i + S i 
*2 = *^2 + ®2 
*3 = *^3 ®3 

G 0 = Ro So 
G, = R, S, 

G2 = R 2 S2 
G3 = R3 S3 

C4 = G3 + P 3 G 2 + P3P2G1 + P3P2P1 Go + P3P2P1 Po Qi 

C 3 = G z + P 2 G, + P 2 P, G 0 + P 2 P! P 0 Cg 

+ = OR 



LOGIC FUNCTIONS FOR G, P, C n + 4 AND OVR 


HI 

FUNCTION 

P 

G 

C n + 4 

OVR 


R + S 

P P P P 

r 3 *2 r 1 r 0 

G3 + P 3 G ? + Pj Pj G 1 + P 3 P 2 P, Gg 

C4 

c 3 vc 4 


£ R 








R-S 



Same as R + S equations, but substitute S, for S, in definitions 




RVS 

LOW 

*3 *2 *1 *0 

*3 *2 *1 *0 + G n 

*3 *2 *? *0 + G n 

D 

R AS 

LOW 

G3 + G2 + Gi + Gq 

G3 + G2 + Gj + Go + C n 

G3 + G 2 + Gi + Go + C n 


R AS 

LOW 

— 

- 

w 


oame as m vo equauon, dui suDSinuie n\ Tor n\ in aenniuons 


RVS 

_ 0 TTCTF *; u..i n n w 









D 

RVS 

G 3 +g 2 +g, +g 0 

G 3 + ^G 2 + gl^ G, + fij b) hj* !j| 

+ P3 R 13 (Gq + c„) 

See Note 2 


NOTES: 

1. + = OR 

2. [P 2 + G 2 P, + GjS,^, + G 2 G 1 G 0 C n ]'V'[P 3 + G 3 P 2 + GjjG^ + GjGjG,^, + SjG^^gC,,] 
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IDT39C01 C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


BEE31 

RATING 

COMMERCIAL 

MILITARY 

FTTffl 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

P T 

Power Dissipation 

1.0 

1.0 

w 

Jqut 

DC Output Current 

30 

30 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS 

T a = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T A = -55°Cto +125°C V cc = 5.0V ± 10% (Military) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP.P) 

MAX. 

UNIT 

’iH 

Input HIGH Current 
(All Inputs) 

Moc = Max. 

Mn =v cc 

■ 

0.1 

5 

pA 

'.L 

Input LOW Current 
(All Inputs) 

V rr = Max. 

V IN = GND 

■ 

-0.1 

-5 

pA 

MoH 

Output High Voltage 

Moc = Min. 

Mn = Mh or Ml 

I 0H = -1.0mA (MIL.) 

mm 

wm 

- 

D 

bn = -1.6mA (COM'L.) 

mm 

mm 

- 

Mol 

Output Low Voltage 

Moc = Min. 

Mn = Mh or Ml 

b L = 16mA (MIL.) 

- 

0.3 


V 

b L = 20mA (COM'L.) 

- 

0.3 


Mh 

Input High Voltage 

Guaranteed Logic HIGH Level (1) 

2.0 

- 

- 

V 

Ml 

Input Low Voltage 

Guaranteed Logic LOW Level (1) 

- 

- 

0.8 

V 

*oz 

Output Leakage Current 

Moc - Max. 

Mom = 0 

- 

-0.1 

BEI 

pA 

Mout = Moc(Max.) 

- 

0.1 

mm 

*os 

Output Short Circuit Current 

Moc = Min - 
Vout = CV (-) 

-30 

- 

- 

rrA 


NOTES: 

1. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 

2. Not more than one output should be shorted at a time. Duration of the short circuit test shall not exceed one second. 

3. Vcc = 5.0V @T a +25°C 
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IDT39C01C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T a = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55° C to +125°C V cc = 5.0V ± 10% (Military) 

V L c= 0.2V 

Vhc= Vcc-0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS <D 

MIN. 

TYP.(3) 

MAX. 

UNIT 

wm 

Quiescent Power Supply Current 

Vcc = Max. 



1 

0.5 

5.0 

mA 

■a 

CP = H (CMOS Inputs) 

V HC-V|H ' Ml - M.C 
f CP = 0. CP = H 



■ 




mm ■ 


V cc = Max. 







n 

Quiescent Power Supply Current 
CP = L (CMOS Inputs) 

v hc5v ih .y L <v LC 

f CP = 0, CP = L 



■ 

0.5 

5.0 

mA 

•CCT 

Quiescent Input Power Supply < 4 > 
Current (per Input @ TTL High) 

V cc = Max., V| H = 3.4V. f C p 

= 0 


D 

0.3 

0.5 

mA/ 

Input 

bco 

Dynamic Power Supply Current 

Vcc = Max. 

V HC <V|H . V|i_ < V LC 


MIL. 


■a 

2.5 

mA/ 

MHz 


Outputs Open, OE = L 


COM’L. 


1 

2.0 

■ 



IDT39C01C 

MIL. 



30 


1 


Vcc = Max., 

f CP = 10MHz 

COM’L. 



25 


— 


Outputs Open, OE = L 

CP = 50% Duty cycle 

IDT39C01D 

MIL 


H 

35 


■ 


V HC 5 V| H , Vj[_ < V|_c 

f CP = 15MHz 

COM’L. 



30 


1 


50% Data Duty Cycle 


MIL. 



40 


I 1 

Total Power Supply Current* 5 * 



COM’L. 



35 

mA 


IDT39C01C 

MIL. 

■ 

B 

35 

H 


Ml 


Vcc = Max., 

f CP = 10MHz 

COM’L. 


1 

30 


1 


Outputs Open, OE = L 

CP = 50% Duty cycle 

IDT39C01D 

MIL. 

COM’L. 


n 

40 


Bail 


V| H = 3.4V. V| L = 0.4V 

fcp = ibMHz 



35 


I 


50% Data Duty Cycle 

IDT39C01E 

MIL. 

■ 

■ 

m 





f CP = 17.5MHz 

COM’L. 

t&m 

Mm 

■9 



NOTES: 

4. Iccqt is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh . then dividing by the total number of inputs. 

5. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

be = iccoH (CD h ) + I cool I 1 - CD h ) + Icct (N t x Dh) + Iccd ( f cp) 

CD H = Clock duty cycle high period 

D h = Data duty cycle TTL high period (y N = 3.4V) 

N t = Number of dynamic inputs driven at TTL levels 
f p = Clock Input Frequency 


CMOS TESTING CONSIDERATIONS 

There are certain testing considerations which must be taken into 
account when testing high-speed CMOS devices in an automatic 
environment. These are: 

1 ) Proper decoupling at the test head is necessary. Placement of the 
capacitor set and the value of capacitors used is critical in reduc- 
ing the potential erroneous failures resulting from large Vcc cur- 
rent changes. Capacitor lead length must be short and as close to 
the DUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
improper device operation and possible latchup. 


3) Definition of input levels is very important. Since many inputs 
may change coincidentally, significant noise at the device pins 
may cause the Vil and Vih levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT recom- 
mends using Vil < 0V and Vih > 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is required. The ground 
plane must be sustained from the performance board to the DUT 
interface board. All unused interconnect pins must be properly 
connected to the ground pin. Heavy gauge stranded wire should 
be used for power wiring and twisted pairs are recommended to 
minimize inductance. 


























































IDT39C01C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C01C 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT39C01C over the -55°C to +125°CandO°Cto + 70°Ctem- 
perature range. Vcc is specified at 5V ±10% for military tempera- 
ture range and 5V ±5% for commercial temperature range. All 
times are in nanoseconds and are measured at the 1.5V signal 
level. The inputs switch between 0V and 3V with signal transition 
rates of IV per nanosecond. All outputs have maximum DC current 
loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 



MIL. 

COM’L. 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B, registers to end 
of cycle) 

32 

31 

ns 

Maximum Clock Frequency to 
to shift 0 (50% duty cycle, 

1 = 432 or 632) 

31 

32 

MHz 

Minimum Clock LOW Time 

15 

15 

ns 

Minimum Clock HIGH Time 

15 

15 

ns 

Minimum Clock Period 

32 

31 

ns 


COMBINATIONAL PROPAGATION DELAYS (1) C L = 50pF 



TO OUTPUT 

FROM INPUT 

Y 


C n + 4 

G, P 

F = 0 

OVR 

RAM 0 

ram 3 

Qo 

o 3 

UNIT 


nnw 

COM’L. 


COM’L. 


COM’L. 

bh'w 

COM’L. 


COM’L. 

ESQ 

COM’L. 


COM’L. 



A. B Address 

El 

40 

0 

40 

0 

40 

0 

37 

0 

40 

E9 

40 

m 

40 

- 

- 

ns 

D 

Q 

30 

0 

30 

0 

30 

0 

30 

0 

38 

m 

30 

o 

30 

- 

- 

ns 

C n 

m 

22 

0 

22 

0 

20 


- 

0 

25 

m 

22 

28 

25 

- 

- 

ns 

lo. 1 . 2 

EB 

35 

EB 

35 

EB 

35 

EB 

37 

0 

37 

ESI 

35 

0 

35 

- 

- 

ns 

>3. 4. 5 

IB 

35 

EB 

35 

EB 

35 

0 

35 

0 

38 

ESI 

35 

m 

35 

- 

- 

ns 

•s. 7, 8 

O 

25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

m 

26 

0 

26 

ns 

A Bypass 

ALU (1 = 2XX) 

40 

35 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ns 

Clock _f~ 

m 

35 

0 

35 

0 

35 

0 

35 

0 

35 

EE 

35 

0 

35 


28 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 



INPUT 

SET-UPTIME 
BEFORE H-+L 

HOLD TIME 

AFTER H-rL 

SET-UPTIME 
BEFORE L— rH 

HOLD TIME 

AFTER L— rH 

UNIT 

MIL 

COM’L 

MIL. 

COM’L. 

MIL. 

COM’L. 

MIL. 

COM’L. 

A, B Source Address 

15 

15 

2 

1< 3 > 

30. 15 + TPWL (4) 

2 

1 

ns 

B Destination Address 

15 

15 

Do not change < 2 > 

2 

1 

ns 

D 

_ (D 

- 

- 

- 

25 

25 

0 

0 

ns 

Cn 

- 

- 

- 

- 

20 

20 

0 

0 

ns 

lo. 1.2 

- 

- 

- 

- 

30 

30 

0 

0 

ns 

13, 4. 5 

- 

- 

- 

- 

30 

3,0 

0 

0 

— ! 

b. 7. 8 

10 

10 

Do not change ( 2 ) \ 

0 

0 

ns 

RAM 0.3. Qo. 3, 

- 

- 

- | | 12 | 12'" 

0 

0 

ns 


OUTPUT ENABLE/DISABLE TIMES 

(Cl = 5pF, measured to 0.5V change of Vqut in nanoseconds) 


INPUT 

OUTPUT 

! ENABLE 

| DISABLE i 

MIL 

COM’L 

MIL 

COM’L. 

OE 

Y 

25 

23 

25 

23 


NOTES: 

1. A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable prior to the H — + Ltransition to allowtime to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination; i.e., if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L — ► H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— ► H transition, regardless of when the H — ► L transition occurs. 
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IDT39C01C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C01D 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT39C01D over the -55°C to + 125°C and 0°Cto + 70°Ctem- 
perature range. Vcc is specified at 5V ±10% for military tempera- 
ture range and 5V ±5% for commercial temperature range. All 
times are in nanoseconds and are measured at the 1.5V signal 
level. The inputs switch between 0V and 3V with signal transition 
rates of IV per nanosecond. All outputs have maximum DC current 
loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 



MIL 

COM’L 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B, registers to end 
of cycle) 

27 

23 

ns 

Maximum Clock Frequency to 
to shift Q (50% duty cycle, 

1 = 432 or 632) 

37 

43 

MHz 

Minimum Clock LOW Time 

13 

11 

ns 

Minimum Clock HIGH Time 

13 

11 

ns 

Minimum Clock Period 

27 

23 

ns 


COMBINATIONAL PROPAGATION DELAYS (1) C L = 50pF 



TO OUTPUT 














RAMg 

°o 


FROM INPUT 


Y 



C 

n + 4 

G, P 

F 

= 0 

OVR 

RAM, 

Os 

UNIT 



COM’L 


COM’L 


COM’L 


COM’L 

[^5 


BIT! 

ms 

EH 





A, B Address 


30 

9 

30 

TH 

30 

E9 

28 


30 


30 

BSS 

30 

- 

- 

ns 

D 

O 

21 


20 


20 

m 

20 

0 

24 

m 

21 

El 

22 

- 

- 

ns 

Cn 

na 

17 

O 

16 

0 

14 

- 

- 

0 

18 

ra 

16 

m 

18 

- 

- 

ns 

to. 1,2 

m 

26 

ra 

25 


24 

m a 

24 

El 

25 

m 

24 

m 

25 

- 

- 

ns 

b. 4. 5 

m 

26 


24 


24 


24 

O 

26 


24 

m 

26 

- 

- 

ns 

'a. 7. 8 

na 

16 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

El 

21 

El 

21 

ns 

A Bypass 

ALU (1 = 2XX) 

26 

24 

- 

- 

- 

- 

- 

- 

- 

- 

- 

B 

- 

- 

- 

- 

ns 

Clock _J~ 

0 

24 

El 

23 

^31 

23 

0 

23 

O 

24 

El 

24 

□ 

24 

^3 

19 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 


V 7^ 

INPUT 

SET-UPTIME 
BEFORE H-*L 

HOLD TIME 

AFTER H— *L 

SET-UP TIME 
BEFORE L— *H 

HOLD TIME 

AFTER L-fH 

UNIT 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

A, B Source Address 

11 

10 

0 

o< 3 > 

24, (4) 

11 + TPWL 

21. (4) 

10 + TPWL 

2 

1 

ns 

B Destination Address 

11 

10 

Do not change < 2 > 

2 

1 

ns 

D 

_ ID 

- 

- 

- 

16 

16 

0 

0 

ns 

Cn 

- 

- 

- 

- 

13 

13 

0 

0 

ns 

!o. 1,2 

- 

- 

- 

- 

19 

19 

0 

0 

ns 

I 3 . 4. 5 

- 

- 

- 

- 

19 

19 

0 

0 

ns 

>6. 7. 8 

7 

7 

Do not change < 2 > 

0 

0 

ns 

RAM 0 . 3 . Qo. 3 . 

- 

- 

| - | 9 | 9 

0 

0 

ns 


OUTPUT ENABLE/DISABLE TIMES 

(Cl = 5pF, measured to 0.5V change of Vqut in nanoseconds) 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

MIL 

COM’L 

MIL 

COM’L 

oe 

Y 

16 

14 

18 

16 


NOTES: 


1. A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable prior to the H — ► Ltransition to allow time to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination; i.e.. if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L — ► H transition is to allow time for data to be accessed , passed through the ALU and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— f H transition, regardless of when the H — ► L transition occurs. 
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IDT39C01C/D/E 4-BIT 

CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C01E 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT39C01E over the -55°C to +125°CandO°Cto + 70 °C tem- 
perature range. Vcc is specified at 5V ±10% for military tempera- 
ture range and 5V ±5% for commercial temperature range. All 
times are in nanoseconds and are measured at the 1.5V signal 
level. The inputs switch between 0V and 3V with signal transition 
rates of IV per nanosecond. All outputs have maximum DC current 
loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 



MIL 

COM’L. 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B, registers to end 
of cycle) 

21 

20 

ns 

Maximum Clock Frequency to 
to shift Q (50% duty cycle, 

1 = 432 or 632) 

46 

50 

MHz 

Minimum Clock LOW Time 

10 

8 

ns 

Minimum Clock HIGH Time 

10 

8 

ns 

Minimum Clock Period 

21 

20 

ns 


COMBINATIONAL PROPAGATION DELAYS (1) C L = 50pF 



TO OUTPUT 














RAM 0 

Q o 


FROM INPUT 


Y 



C 

n + 4 

G, P 

F 

= 0 

OVR 

RAM 3 


a 3 

UNIT 


Efim 

COM’L. 

EB 

COM’L. 


COM’L. 

BO 

COM’L. 

EH 

COM’L. 


COM’L. 


COM’L. 

B1W 

EH 


A, B Address 

HI 

22 

HI 

22 

El 

22 

91 

21 

E 9 

22 


22 


22 

- 

- 

ns 

D 

Bl 

16 

m 

15 

m 

15 

■a 

15 

El 

18 

m 

16 

m 

16 

- 

- 

ns 

Cn 

El 

13 

El 

12 

■a 

10 


- 

El 

13 

D 

12 

El 

13 

- 

- 

ns 

lo. 1.2 

El 

20 

HI 

19 

■a 

18 

El 

18 

O 

19 

HI 

18 

El 

19 

- 

- 

ns 

•3. 4. 5 

HI 

20 


18 

■a 

18 

■a 

18 


20 

El 

18 

El 

20 

- 

- 

ns 

mmm 

■a 

12 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

■a 

16 

■a 

16 

ns 

A Bypass 

ALU (1 = 2XX) 

19 

18 

- 

- 

- 

- 

- 


- 

- 

- 

H 

- 

- 

- 

- 

ns 

BBi 


18 

0 

17 

0 

17 

0 

17 

0 

18 

m 

18 

20 

18 

m 

15 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 



INPUT 

SET-UPTIME 
BEFORE H— *L 

HOLD TIME 

AFTER H— *L 

SET-UP TIME 
BEFORE L-*H 

HOLD TIME 

AFTER L— >H 

UNIT 

MIL 

COM’L 

MIL 

COM’L. 

MIL. 

COM’L. 

MIL 

COM’L. 

A, B Source Address 

8 

7 

0 

0 <3) 

10. S (4) 

+ TPWL 

15.7 (4) 

+ TPWL 

2 

1 

ns 

B Destination Address 

8 

7 

Do not change < 2 > 

2 

1 

ns 

D 

- (1) 

- 

- 

- 

12 

12 

0 

0 

ns 

Cn 

- 

- 

- 

- 

10 

10 

0 

0 

ns 

lo, 1 . 2 

- 

- 

- 

- 

14 

14 

0 

0 

ns 

l 3 . 4,5 

- 

- 

- 

- 

14 

14 

0 

0 

ns 

<6. 7. 8 

5 

5 

Do not change ( 2 > 

0 

0 

ns 

RAM 0 , 3 , Qo, 3, 

- 

- 

- 1 - 1 9 1 2 

0 

0 

ns 


OUTPUT ENABLE/DISABLE TIMES 

(Cl = 5pF, measured to 0.5V change of Vqut in nanoseconds) 


INPUT 

OUTPUT 

| ENABLE ! 

| DISABLE | 

MIL 

COM’L 

MIL 

COM’L 

61 

Y 

14 

10 

12 

12 


NOTES: 

1. A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable prior to the H — ► L transition to allow time to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination: i.e., if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L — ► H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— ► H transition, regardless of when the H — ► L transition occurs. 
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Figure 4. Switching Test Circuits 


ORDERING INFORMATION 


IDT 39001 ■ 

Device Type 


X X X 

Speed Package Process/ 

| I Temperature 

! Range 


BLANK 


B 


Commercial 
(0°C to +70°C) 

Military 

(-55°C to +125°C) 

Compliant to MIL-STD-883, Class B 


P Plastic DIP 

C Sidebraze DIP 

D CERDIP 

L LCC 

C Four-Bit Microprocessor Slice 

D High-Speed Four-Bit Microprocessor Slice 

E Ultra-High-Speed Four-Bit CMOS Microprocessor Slice 
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MICROSLICE™ PRODUCT 


DESCRIPTION: 


FEATURES: 

• Provides lookahead carries across any number of 4-bit 
microprocessor ALUs 

• Very high speed and output drive over full temperature and 
voltage supply extremes 

• 6ns typical propagation delay 

• Iol = 32mA over full military temperature range ' 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than bipolar (5pW max.) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


The IDT39C02A is a high-speed carry lookahead generator built 
using advanced CEMOS ™, a dual metal CMOS technology. The 
IDT39C02A is generally used with an arithmetic logic unit to pro- 
vide high-speed lookahead over larger word lengths. 

The IDT39C02A is a pin-compatible, performance enhanced, 
functional replacement for all versions of the 2902. 


PIN CONFIGURATIONS 



DIP/CERPACK/SOIC 
TOP VIEW 


LCC 

TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 


Cn S 0 F 0 Gt F, S 2 F 2 G 3 F 3 



MICROSLICE and CEMOS are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology, Inc. DSC-4059/- 
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IDT39C02A CMOS CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS m 





RATING 

1 commercial! 

MILITARY 

ITTTTTJ 

Terminal Voltage 
with Respect to 

GND 


-0.5 to +7.0 

V 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Power Dissipation 

0.5 

0.5 

w 

DC Output Current 

50 

50 

mA 



1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 


T A = 0°Cto + 70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55° C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 

Vho = Von - 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS W 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

VlL 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current 

Vcc = Max.,V| N = Vqc 

- 

- 

5 

pA 

l|L 

Input LOW Current 

V cc = Max..V| N = GND 

- 

- 

-5 

pA 

■sc 

Short Circuit Current 

V cc = Max. < 3 > 

-60 

-120 

- 

mA 

V 0H 

Output HIGH Voltage 

V cc = Min. 
v in = v ih or V| L 

l 0H = -300pA 

Vhc 

di 

- 

H 

l 0H = -12mA MIL. 

mm 


- 

■oh = -15mA COM’L. 

mm 

4.3 

- 

VOL 

Output LOW Voltage 

V cc = Min - 
Vin = V, H or V|l 

I 0 l = 300jjA 

~ 

GND 

V LC 

V 

Iol = 32mA MIL. 

- 

0.3 

0.5 

I 0L = 48mA COM’L. 

- 

0.3 

0.5 

■cCQC 

Quiescent Power Supply Current 
(CMOS Inputs) 

Vcc ~ Max. 

V HC 5 V|N < V LC 
f = 0 


■ 

0.001 

2.0 

mA 

■cCQT 

Quiescent Power Supply Current 
(TTL Inputs) 

Vqc = Max. 

V| N = 3.4V < 4 ) 


- 

0.5 

2.5 

mA 

m 

Dynamic Power Supply 

Current 

Vcc = Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

V HC — V|N - V LC 

■ 

0.15 

■ 

mA/ 

MHz 

■ 

(5) 

Total Power Supply Current 

Vcc s Max. 
f = 10MHz 

Outputs Open 

50% Duty Cycle 

One Input Toggling 

Vhc -Mn - V LC 

■ 

1.5 

- 

mA 

V| N = 3.4V (4) 

- 

2.0 

- 

All Inputs 

V) N = 3.4V (4) 


16.0 

- 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

5. Ice = Iccoc + (Iccqt x Nj) + (Icco x f x N) + D x No) 

N = Total number of inputs toggling. 

f = Frequency in MHz. 

D = Percent high duty cycle. 

N t = Number of TTL statically driven inputs (y N = 3.4V) 

N d = Number of TTL dynamically driven inputs (V, N = 3.4V) 


8-13 









































































































IDT39C02A CMOS CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

C n 

Carry Input 

, S, , <j 2 , 

Carry Generate Inputs (Active LOW) 

F F F P 

r 0 > r 1 , r 2 • ~3 

Carry Propagate Inputs (Active LOW) 

+ x -Ql + z 

Carry Outputs 

G 

Carry Generate Output (Active LOW) 

P 

Carry Propagate Output (Active LOW) 


TRUTH TABLE (1) 



1. H = HIGH Voltage Level, L = LOW Voltage Level, X = Don't Care 
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IDT39C02A CMOS CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYPICAL 

COMMERCIAL 

MILITARY 

UNIT 

min. (2) 

MAX. 

min. (2) 

MAX. 

JpLH 

l PHL 

Propagation Delay 

Cn to C n + x 

Cn + y • C n + z 


6.0 

3.0 

14.0 

3.0 

16.5 

ns 

jpLH 

‘PHL 

Propagation Delay 

P 0 , R| , or P 2 , to 

Cn + x, Cn + y . Cn + z 


6.0 

2.0 

9.0 

2.0 

11.5 

ns 

*PLH 

l PHL 

Propagation Delay 
Gq.G,. or G 2 to 

Cn + x, Cn + y, Cn + z 

C L = 50pF 

R l = 5000 

6.0 

2.0 

9.5 

2.0 

11.5 

ns 

l PLH 

tpHL 

Propagation Delay 

P, , P 2 or P 3 , to G 


7.0 

3.0 

12.0 

3.0 

16.5 

ns 

^PLH 

^PHL 

Propagation Delay 

G n to G 


7.5 

3.0 

12.0 

3.0 

16.5 

ns 

tpLH 

tpHL 

Propagation Delay 

P n toP 


6.0 

2.5 

11.0 

2.5 

12.5 

ns 


ORDERING INFORMATION 


)DT xxxxx 

Device Type 


XX X 

Package Process/ 


Tempe 

Rar 

rature 

ge 




BLANK 

B 


P 

D 

SO 

E 

L 


Commercial (0°C to +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
CERDIP 

Small Outline 1C 
CERPACK 

Leadless Chip Carrier 


■j 39C02A 


Carry Lookahead Generator 
























































4-BIT CMOS 

MICROPROCESSOR SLICE 


IDT39C03A 

IDT39C03B 


Integrated Device Technology. Inc. 


FEATURES: 

• Fast 

— IDT39C03A matches 2903A speeds 

— IDT39C03B 20% speed upgrade 

• Low-power CMOS 

— Commercial: 50mA (max.) 

— Military: 55mA (max.) 

• Pin-compatible, performance enhanced functional replace- 
ment for the 2903A 

• Cascadable to 8, 12, 16, etc. bits 

• Expandable Register File 

• On-chip Parity Generation and Sign Extension Logic 

— Provide parity across the entire ALU output and sign extension 
at any slice boundary 

• On-chip Normalized Logic 

— Floating-point mantissa and exponent easily developed using 
single microcycle per shift 

• On-chip multiplication and division logic 

— Executes unsigned and two’s complement multiplication 
along with last cycle of two’s complement multiplication 

• Packaged in 48-pin plastic and ceramic DIPs and 52-pin LCC 

• Military product available compliant to MIL-STD-883, Class B 


MICROSLICE™ PRODUCT 

DESCRIPTION: 


The IDT39C03S are four-bit expandable CMOS microprocessor 
slices. While executing the identical functions associated with the 
high-speed IDT39C01 series of 4-bit slices, the IDT39C03s also pro- 
vide additional enhancements for use in arithmetic-oriented proces- 
sors. 

These extremely low-power yet high-speed microprocessors 
consist of a 16-word by 4-bit dual-port RAM, a multidirectional three- 
port architecture, 1 6 logic operation ALU and the necessary shifting, 
decoding and multiplexing logic. Compatible 2903A arithmetic and 
logic instructions, including the special multiplication, division and 
normalized instructions, are available on the IDT39C03s. Both are 
easily expandable in 4-bit increments. 

Both devices are pin-compatible, functional-replacements for 
the 2903A. The fastest version, the IDT39C03B, is a 20% speed up- 
grade from the normal 2903A device. The IDT39C03A meets the 
2903A speeds. 

The IDT39C03s are fabricated using CEMOS™, a CMOS tech- 
nology designed for high-performance and high-reliability. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making them ideally suited 
to military temperature applications. 



-a SEr 


-23 DB 0 _; 


<=> C n 
-23 sio 0 


-23 Q|O n 


-23 z 


CEMOS and MICROSLICE are trademarks of Integrated Device Technology. Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology. Inc. 
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IDT39C03A/IDT39C03B FOUR-BIT 

CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 

PIN CONFIGURATIONS 
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I DT39C03 A/I DT39C03 B FOUR-BIT 

CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTIONS 


PIN NAME 

I/O 

DESCRIPTION 

> 

O 

1 

RAM A Address Inputs (TTL Input) - Four RAM address inputs which contain the address of the RAM word appearing at the RAM 
A output port. 

Bo -3 

1 

RAM B Address Inputs (TTL Input) - Four RAM address inputs which contain the address of the RAM word appearing at the 
RAM B output port and into which new data is written when the WE input and the CP input are LOW. 

WE 

1 

Write Enable Input (TTL Input) -The RAM write enable input. If WE is LOW, data at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, writing data into the RAM is inhibited. 

DA o_3 

1 

External Data Inputs (TTL Input) - A 4-bit external data input which can be selected as one of the IDT39C03 ALU operand 
sources; DA 0 is the least significant bit. 

EA 

1 

Control Input (TTL Input) - A control input which, when HIGH, selects DA 0 _ 3 as the ALU R operand and, when LOW, selects 
RAM output A as the ALU R operand and the DA 0 _ 3 output data. 

DB 0-3 

I/O 

External Data Inputs/Outputs (Three-State Input/Output) - A four-bit external data input/output. Under control of the OE B 
input, RAM output port B can be directly read on these lines, or input data on these lines can be selected as the ALU S operand. 


1 

Control Input (TTL Input) -A control input which, when LOW, enables RAM output B onto the DB 0 _ 3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 

c n 

1 

Carry-in Input (TTL Input) - The carry-in input to the IDT39C03 ALU. 


1 

Instruction Inputs (TTL Input) -The nine instruction inputs used to select the IDT39C03 operation to be performed. 

IEN 

■ 

Instruction Enable Input (TTL Input) -The instruction enable input which, when LOW, allows the Q Register and the Sign 
Compare flip-flop to be written. When IEN is HIGH, the Q Register and Sign Compare flip-flop are in the hold mode. On the 
IDT39C03, IEN also controls WRITE. 

C n + 4 

O 

Carry-Out Output (TTL Input) — This output generally indicates the carry-out of the IDT39C03 ALU. Refer to Table 5 for an exact 
definition of this pin. 

G/N 

0 

Carry-Generate Output (TTL Output) - A multi-purpose pin which indicates the carry generate, G function, at the least 
significant and intermediate slices and generally indicates the sign N of the ALU result at the most significant slice. Refer 
to Table 5 for an exact definition of this pin. 

P/OVR 

0 

Carry Propagate Output (TTL Output) -A multi-purpose pin which indicates the carry propagate, P, function at the least 
significant and intermediate slices and indicates the conventional two's complement overflow, OVR, signal at the most 
significant slice. Refer to Table 5 for an exact definition of this pin. 

Z 

I/O 

Open-Drain I/O Pin (Open-Drain Input/Output) -An open-drain input/output pin which, when HIGH, generally indicates the 
outputs are all LOW. For some Special Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of this pin. 

SIO 0 .SIO 3 

I/O 

Bidirectional Serial Shift I/Os for the ALU (Three-State Input/Output) — Bidirectional serial shift inputs/outputs for the ALU 
shifter. During a shift-up operation, SIO 0 is an input and SI0 3 an output. During a shift-down operation, SI0 3 is an input and 
SIO 0 is an output. Refer to Tables 3 and 4 for an exact definition of these pins. 

Qio 0 .Qio 3 

I/O 

Bidirectional Serial Shift I/Os for the Q Shifter (Three-State Input/Output) - Bidirectional serial shift inputs/outputs for the 

Q Shifter shifter which operate line SlOg and SI0 3 . Refer to Tables 3 and 4 for an exact definition of these pins. 

Uss 

■ 

Control Input (TTL Input) - An input pin which, when tied LOW, programs the chip to act as the least significant slice (LSS) of an 
IDT39C03 array and enables the WRITE output onto the WRITE/MSS pin. When LSS is tied HIGH, the chip is programmed to 
operate as either an intermediate or most significant slice and the WRITE output buffer is disabled. 

WRITE/MSS 

I/O 

Control Input (Three-State Input/Output) -When LSS is tied LOW, the WRITE output signal appears at this pin; the WRITE 
signal is LOW when an instruction which writes data into the RAM is being executed. When LSS is tied H IGH, WRITE/MSS is an 
input pin; tying it HIGH programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate 
as the most significant slice (MSS). 

Yo-3 

I/O 

Data Inputs/Outputs (Three-State Input/Output) - Four data inputs/outputs of the IDT39C03. Under control of the OE Y input, 
the ALU shifter output data can be enabled onto these lines, or these lines can be used as data inputs when external data is 
written directly into the RAM. 

OE y 

1 

Control Input (TTL Input) - A control input which, when LOW, enables the ALU shifter output data onto the Y 0 _ 3 lines and, when 
HIGH, disables the Y 0 _ 3 three-state output buffers. 

CP 

1 

Clock Input (TTL Input)— The clock input to the IDT39C03. The 0 Register and Sign Compare flip-flop are clocked on the 
LOW-to-HIGH transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 
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ARCHITECTURE OF THE IDT39C03 

The IDT39C03S are high-performance, cascadable, 4-bit micro- 
processor slices used in CPUs, peripheral controllers, micro- 
programmable machines and in a number of other applications. 
The functional blocks consist of the following: 

— 16-word-by-4-bit dual-port RAM 

— high-speed ALU and shifter 

— Q register with shifter input 

— 9-bit instruction decoder 

DUAL-PORT RAM 

Both the A and B ports of the dual-port RAM can be addressed 
and read simultaneously at the respective RAM A and B output 
ports. If both ports address the same memory location, identical 
data will be read from both the A and B port. The latches at the RAM 
output ports are transparent when the clock input, CP, is HIGH and 
holds the RAM output data when CPJs LOW. RAM data is read at the 
DB (I/O) port under control of the OE B three-state output enable. 

External data can be written directly into the RAM from the Y I/O 
port, or the ALU shifter output data can be enabled onto the Y I/O 
port and entered into the RAM. Data is written into the RAM at the B 
address when the write enable input, WE, is LOW and the clock in- 
put, CP, is LOW. 

ALU 

The IDT39C03S perform seven arithmetic operations and nine 
logic operations on two 4-bit operands. Various pairs of ALU source 
operands are easily selected via the ALU multiplexer inputs. The EA 
input selects either the DA external data input or RAM output port A 
for use as one ALU operand. The OE b andlo inputs select RAM out- 
put port B, DB external data input or the Q register content for use as 
the second ALU source operand. During certain ALU operations, ze- 
ros are forced at the ALU operand inputs. Thus, the IDT39C03S are 
capable of operating on data from two external sources, from an in- 
ternal and external source, orfromtwointernalsources.Table 1 indi- 
cates^! I_the possible pairs of ALU source operands as a function of 
the EA, OE b and lo inputs. 

With instruction bits U, I 3 , 12 , li and lo LOW, the IDT39C03s exe- 
cute special functions which have been defined in Table 4. When 
the IDT39C03S execute instructions other than the nine special in- 
structions, the ALU operation is defined by instruction bits l 4 , 13 , 12 , 
and 1 1 . Table 2 defines the ALU operation as a function of these four 
instruction bits. 

Cascading the IDT39C03S, in either the carry lookahead or ripple 
carry approach, is very simple. In a cascaded configuration, each 
slice must be properly programmed to Most Significant Slice (MSS), 
Intermediate Slice (IS) or Least Significant Slice (LSS). The 
IDT39C03S incorporate the carry generate (G) and carry propagate 
(P ) signals necessary for cascading. 


TABLE 1. 

ALU OPERAND SOURCES 01 


EA 

lo 

OE 

ALU OPERAND R 

ALU OPERAND S 

L 

L 

L 

RAM Output A 

RAM Output B 

L 

L 

H 

RAM Output A 

DB 0-3 

L 

H 

X 

RAM Output A 

Q Register 

H 

L 

L 

DA 0 -3 

RAM Output B 

H 

L 

H 

DAq_3 

DBq-3 

H 

H 

X 

DA 0-3 

Q Register 


NOTE: 

1. L = LOW, H = HIGH. X = Don't Care 


TABLE 2. 

IDT39C03 ALU FUNCTIONS m 


I 4 

U 

*2 

li 

HEX 

CODE 

ALU FUNCTIONS 






b 

= L 

Special Functions 



L 



b 

= H 

F, = HIGH 

L 

L 

L 

H 

1 

F 

= S Minus R Minus 1 Plus C n 

L 

L 

H 

L 

2 

F 

= R Minus S Minus 1 Plus C n 

L 

L 

H 

H 

3 

F 

= R Plus S Plus Cn 

L 

H 

L 

L 

4 

F 

= S Plus C n 

L 

H 

L 

H 

5 

F 

= 5 Plus C n 

L 

H 

H 

L 

6 

F 

= R Plus C n 

L 

H 

H 

H 

7 

F 

= R Plus C n 

H 

L 

L 

L 

8 

F, 

= LOW 

H 

L 

L 

H 

9 

F 

= R 

ANDS, 

H 

L 

H 

L 

A 

F 

= R, 

EXCLUSIVE NOR S, 

H 

L 

H 

H 

B 

F 

= Ri 

EXCLUSIVE OR S, 

H 

H 

L 

L 

C 

F 

= R 

ANDS, 

H 

H 

L 

H 

D 

Fi 

= R 

NORS, 

H 

H 

H 

L 

E 

F, 

= R 

NAND S, 

H 

H 

H 

H 

F 

F, 

= R 

ORS, 


NOTE: 

1. L = LOW, H = HIGH, i = 0to3 


Also generated is a carry-out signal, C n + 4 , which is generally 
available as an output of each slice. Both the carry-in (C n ) and carry- 
out (C n + 4 ) signals are active HIGH. The ALU generates two other 
status outputs. These are negative, N, and overflow, OVR. The N 
output is generally the most significant (sign) bit of the ALU output 
and can be used to determine positive or negative results. The OVR 
output indicates that the arithmetic operation being performed ex- 
ceeds the available two’s complement number range. The N and 
OVR signals are available as outputs of the most significant slice. 
Thus, the multipurpose G/N and P/OVR outputs indicate G and P at 
the least significant and intermediate slices, and sign and overflow 
at the most significant slice. Refer to Table 5 for the exact definition 
of these four signals. 

ALU SHIFTER 

Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F) or shifts it down one 
position (F/2). Both arithmetic and logical shift operations are possi- 
ble. The arithmetic shift operation shifts data around the most 
significant (sign) bit position of the MSS and a logical shift operation 
shifts data through this bit position (see Figure 1). SlOo and SIO3 
are bidirectional serial shift inputs/outputs. During a shift-up opera- 
tion SIO3 is generally a serial shift input and SlOo a serial shift out- 
put. For exact definition of the SlOo and SIO3 operation, refer to 
Tables 3 and 4. 

Also provided in the ALU shifter is sign extension at the slice 
boundaries. Under instruction control, the SlOo (sign) input can be 
extended through Yo, Yi , Y2, Y3, and propagated to the SIO3 output. 

Providing ALU error detection, the IDT39C03s ALU shifter con- 
tains a cascadable, five-bit parity generator/checker. Parity for the 
Fo, Fi, F2, F3, ALU outputs and SIO3 input is generated and, under 
instruction control, is made available at the SlOo output. 

The operation of the ALU shifter is defined by the instruction 
inputs. Specified in Table 4 are the special functions and the 
operations the ALU shifter performs. When the IDT39C03S execute 
instructions other than special functions, the ALU shifter operation is 
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determined by instruction bits Is. I 7 , and I 5 . How these four bits op- 

erate with the ALU shifter is defined in Table 3. 



ARITHMETIC AND LOGICAL SHIFT PATHS 
ALL SLICE POSITIONS 


Figure 1. 


Q REGISTER 

The Q Register is an auxiliary 4-bit register which is clocked on 
the LOW-to-HIGH transition of the CP input. It is intended primarily 
for use in multiplication and division operations; however, it can also 
be used as an accumulator or holding register for some applica- 
tions. The F output of the ALU can be loaded into the Q Register and / 
or the Q Register can be selected as the source for the ALU S oper- 
and. The shifter at the input to the Q Register can shift the Q Register 
contents up one bit position (2Q) or down one bit position (Q/2). 
Only logical shifts are performed. Both QlOo and QIO 3 are bidir- 
ectional shift serial inputs/outputs. During a Q Register shift-up op.- 
eration, QlOo is a serial shift input and QIO 3 is a serial shift output. 
During a shift-down operation, QIO 3 is a serial shift input and QlOo 
is a serial shift output. 

The IDT39C03s provide the capability of double-length arithme- 
tic and logical shifting. To perform the double-length shift, QIO3 of 
the MSS is connected to SlOo of the LSB and executing an instruc- 
tion which shifts both the ALU output and the Q Register. 

The instruction inputs also control the Q Register and shifter, as 
shown in Table 4. When executing instructions other than the spe- 
cial functions, the Q Register and shifter operation is controlled by 
instruction bits U, I7. 16 and I5, as shown in Table 3. 

OUTPUT BUFFERS 

Both the DB and Y ports arc bidirectional I/O ports driven by 
three-state output buffers with external output enable controls. The Y 
output buffers are enabled when the OE Y is LOW and are in the High 
Z state when OE Y is HIGH. The DB output buffers are enabled when 
the OE b input Is LOW. The zero, Z pin, is an open drain I/O that can 
be wire-Ored between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the Y0-3 pins are all 
LOW. Table 5 defines the exact signal functions. 

INSTRUCTION DECODER 

The Instruction Decoder generates the required internal control 
signals relative to th e nine instruction in puts, lp-8, the Instruction En- 
able input, IEN, the LSS input and the WRITE/MSS input/output. 


When an instruct ion which writes data into the RAM is being per- 
formed, the WRITE output is LOW. Refere nce Tab les 3 and 4 for 
proper pin operation. When IEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sig n Comp are Flip-Flop contents are 
preserved. When IEN is LOW, the WRITE output is enabled and the 
Q Register and Sign Compare Flip-Flop can be written according to 
the IDT39C03S instruction. The Sign Compare Flip-Flop is an on- 
chip flip-flop which is used during a divide operation. See Figure 2. 



SIGN 

COMPARE 


Figure 2. Sign Compare Flip-Flop 


SLICE POSITION PROGRAMMING 

When the LSS input is LOW, th e devic e becomes the Least Sig- 
nificant Slic e and enables the WRITE o utpu t signal onto the 
WRITE / MSS bidirectional I/O pin. When the LSS input is HIGH, the 
WRITE/MSS pin becomes an input which when HIGH programs the 
slice to operate as an Intermediate Slice (IS). Connecting it LOW 
programs the slice to operate as a Most Significant Slice (MSS). The 
WRITE/MSS pin mu st be tied HIGH via a pull-up resistor. 
WRITE/MSS and LSS should not be connected together. 

SPECIAL FUNCTIONS 

Nine special functions are provided on the IDT39C03S which 
make possible the implementation of the following operations: 

• Single and Double Length Normalization 

• Two’s Complement Division 

• Unsigned and Two’s Complement Multiplication 

• Conversion Between Two’s Complement and Sign/Magnitude 
Representation 

• Incrementation by One or Two 

Adjusting a single-precision or double-precision floating-point 
number in order to bring its mantissa within a specified range can be 
performed using the single-length and double-length normalization 
operations. These special functions can be used to perform a two’s 
complement, non-restoring divide operation. They provide single 
and double-precision divide operations and can be performed in 
“n” clock cycles (where “n” is the number of bits in the quotient). The 
unsigned multiply special function and the two two’s complement 
multiply special functions can be used to multiply two n-bit, un- 
signed or two’s complement numbers, respectively, in “n” clock 
cycles. During the last cycle of the two’s complement multiplication, 
a conditional subtraction (rather than addition) is performed due to 
the fact that the sign bit of the multiplier carries negative weight. 

The sign/magnitude-two’s complement special function can be 
used to convert number representation systems. A number ex- 
pressed in sign/magnitude representation can be converted to the 
two’s complement representation, and vice-versa, in one clock 
cycle. 

Incrementing an unsigned or two’s complement number by one 
or two is easily accomplished using the increment by one or two 
special function. 


8-20 
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TABLE 3. ALU DESTINATION CONTROL FOR 1 0 OR h OR l 2 OR 1 3 = HIGH, IEN = LOW 


B 


I 

E 

HEX 

CODE 

ALU 

SHIFTER 

FUNCTION 

SIOj 

v 3 

y 2 

1 

B 

sio 0 

WRITE 

O REG & 
SHIFTER 
FUNCTION 

oio 3 

QIOq 

MOST SIQ. 

SLICE 

OTHER 

SLICES 

MOST SIG. 

SLICE 

OTHER 

SLICES 

MOST SIG. 

SLICE 

OTHER 

SLICES 

D 


a 


0 

Arith. F/2 -f Y 

Input 

Input 

F 3 

sio 3 

sio 3 

f 3 


m 

mm 

L 

Hold 

Z 

z 

Q 

D 

9 

D 

1 

Log. F/2 — f Y 

Input 


S 103 


F 3 

■a 

E9 

El 

F 0 

L 

Hold 

Z 

z 

! 

B 

a 

B 

B 

Arith. F/2 -f Y 

Input 

Input 

■a 

SI0 3 

SI0 3 

Bfl 

a 

a 

D 

D 

Log. Q/2 
-F Q 

Input 

Q 0 

1 

B 

a 

B 


Log. F/2 -f Y 

Input 

Input 

SI0 3 

SI0 3 

ra 

F 3 

a 

a 

n 

n 

Log. Q/2 
-F Q 

Input 

Oo 

! 

B 

a 

B 

B 

F-fY 

Input 

Input 

F 3 

F 3 

f 2 

F 2 

a 

a 

Parity 

L 

Hold 

Z 

z 

I 

B 

a 

H 

5 

F-f Y 

Input 

Input 

0 

■a 

aa 

f 2 


a 

Parity 

H 

Log. Q/2 
-F Q 

Input 

Oo 

1 

D 

a 

B 

B 

F-fY 

Input 

Input 

F 3 


f 2 

mm 


S3 

Parity 

H 

F-f Q 

Z 

z 

1 

Bl 

a 

D 

7 

F-f Y 

Input 

Input 

f 3 

mm 

f 2 

El 

D 

□ 

Parity 

L 

F-f Q 

Z 

z 

a 

D 

a 

B 

D 

Arith. 2F -f Y 

mm 

mm 

F 3 

F 2 

F, 

F, 

F 0 

sio 0 

Input 

L 


z 

z 



a 

D 

D 


F 3 

wa 

f 2 

mm 

F, 

mm 

■a 

E 

Input 

L 


z 

z 

S 

B 

a 

B 

B 

Arith. 2 F— f Y 

■9 

■a 

■a 

■a 

aa 

D 

a 


Input 

D 

B 

0 3 

Input 




B 

B 

Log. 2 F— f Y 

fb 

fb 

■a 

■a 

1 

F, 

a 


Input 

L 

Log. 

2Q — f Q 

q 3 

Input 




D 

B 

F-fY 

f 3 

mm 

F 3 

mm 

F 2 

f 2 

□ 


Z 

H 

Hold 

z 

Z 




B 

D 

F-f Y 

f 3 

aa 

fb 

B 

aa 

■a 

a 

B 

Z 

H 

Log. 2Q 
-F Q 

0 3 

Input 


D 


B 

E 

SIOq— f Y 0 , 

Yi ,Y 2 ,Y 3 

SIO 0 

SIO 0 

SIO 0 

SIOq 

SIOq 

CO 

0 

0 

B 


Input 

L 

Hold 

z 

Z 


D 


H 

F 

F-f Y 

f 3 

F 3 

f 3 

p 3 

f 2 

f 2 

aa 

1a 

Z 

L 

Hold 

z 

Z 


NOTE: 

1. Parity = F 3 V F^F,^ Fg'V' SI0 3 , 


L = LOW 


Z = High Impedance 


V = Exclusive OR, 


H = HIGH 
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TABLE 4. SPECIAL FUNCTIONS FOR | 4 = I, = | 2 = I, = | 0 LOW (4) 


(HEX) 

'.'z'e's 

SPECIAL 

FUNCTION 

ALU 

FUNCTION 

ALU SHIFTER 
FUNCTION 

SI0 3 

SIO 0 

Q REGISTER 
& SHIFTER 
FUNCTION 

on 

QiO 0 


MSS 

OTHER 

SLICES 

WRITE 

0 

Unsigned Multiply 

F = S + C n if Z=L 

F = R + S+C n if Z = H 

Log F/2 -4 Y (1) 

Z 

Input 

F 0 

Log Q/2 
— ► Q 

Input 

Oo 

L 

1 

(5) 










2 

Two's Complement 
Multiply 

F = S + C n if Z = L 

F = R + S + C n if Z = H 

Log F/2 -4- Y <2) 

z 

Input 

Ft) 

Log Q/2 
—4 Q 

Input 

Oo 

L 

3 

(5) 










4 

Increment by 

One or Two 

F = S*f 1*f Cn 

F-4 Y 

Input 

Input 

Parity 

Hold 

Z 

z 

L 

5 

Sign/Magnitude 

Two's Complement 

F = S + C n if Z = L 

F=S + C n if Z = H 

F-4Y (3) 

Input 

Input 

Parity 

Hold 

z 

z 

L 

6 

Two's Complement 
Multiply Last Cycle 

F = S + C n if Z = L 
F=S-R-1+Cn if Z = H 

Log F/2-4 Y (2) 

Z 

Input 

>6 

Log Q/2 

-40 

Input 

Oo 

L 

7 

(5) 










8 

Single Length 

Normalize 

F = S+C„ 

F -4- Y 

F 3 

Fa 

Z 

Log 2Q 
-40 

q 3 

Input 

L 

9 

(5) 










A 

Double Length 

Normalize and 

First Divide Op 

F = S+C„ 


IQ 

B 

Input 

Log 2Q 

-40 

° 3 

Input 

B 

B 

(5) 










C 

Two’s Complement 
Divide 

F = S + R + C n if Z = L 

F = S-R-1+Cn 
if Z = H 

Log 2F -4 Y 


Fa 

Input 

Log 20 
-40 

o 3 

Input 

B 

fW 

D 

(5) 










E 

Two's Complement 
Divide Correction 
and Remainder 

F = S + R+Cn if Z = L 

F = S-R-1+Cn if Z=H 


f 3 

f 3 

Z 

Log 20 
-40 

q 3 

Input 

B 

F 

(5) 











NOTES: 

1 . At the most significant slice only, the C n +4 signal is internally gated to the Y 3 output. 

2. At the most significant slice only. Fjj'V' OVR is internally gated to the Y 3 output. 

3. At the most significant slice only, S 3 “V* F 3 is generated the Y 3 output. 

4. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

5. Not Valid 

6. L = LOW. H = HIGH. X = Don't Care, Z = High Impedance, V = Exclusive OR, PARITY = SIO^ F 2 ^ F,^ F 0 
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TABLE 5. IDT39C03A STATUS OUTPUTS 



Z (OEY = L) 


MOST SIG. OTHER MOST SIG. OTHER MOST S1G. J pm ATE LEAST SIG. 
SLICE SLICES SLICE SLICES SLICE SLICE SLICE 




0 

s 

0 

s 


GVPCn 


GVPCn 


GVPCn 


GVPCn 


GVPCn 


GVPCn 



DODHSEH 



0 if Z = L S, if Z = L 

R, A S, if R( V S, if 

Z= H Z = H 


(Note 6) 


(Note 6) 


0 if Z = L S| if Z = L 
R,A S, if R, V S, if 
Z=H Z=H 


0 

0 

GVPC n 

Cn + 3 ^ 
Cn + 4 




Yo7i7 2 7 3 


Y0Y1Y2Y3 Y0Y1Y2Y3 Y 0 YiY 2 Y 3 




70Y1Y2Y3 I V0Y1Y2Y3 1 YqYi72 Y3 


MBtihi I WA'A’ il tamaa 



(Note 1) 

(Note 2) 

GVPCn 

Cn + sV 

Cn + 4 

P 

0 

S, if Z = L 

S, if Z = H 

GVPCn 

Cn + 3 ^A 
Cn + 4 

P 

0 if Z = L 
K,A S, if 
Z=H 

S, if Z = L 
R,V S, if 

Z = H 

GVPCn 

Cn + 3 ^ 
Cn + 4 

P 







Input 

Qo 



0 


(Note 6) 


R, A S, if 
Z = L 

P,A S ( if 
Z = H 


(Note 6) 


R,A S, if 
Z = L 
Ri As, 

Z = H 


(Note 6) 


If LSS is LOW, G 0 = S 0 and G 123 = 0. If LSS is HIGH, G 0 ,i, 2,3 = 0. 

If LSS is LOW, P 0 = 1 and P 1>2 . 3 = S 123 . If LSS is HIGH, P 1 = S 1 . 

At the most significant slice, C n + 4 =Q 3 'V'Q 2 .At other slices C n +4 =GVPC n . 
At the most significant slice, Cn + 4' = F 3 ‘V'F 2 . At other slices C n +4 = GVPCn. 

Z = QqQ 1 Q 2 S 3 FqP-^Ps- 



5 

Sign 

Compare 

Input 

Input 


FF Output 




5 

Sign 

Compare 

Input 

Input 


FF Output 




Continued next page 









































































































































































I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


NOTES (Cont’d.): 

6. Not Valid. 

7. L = LOW = 0, H = HIGH = 1, V = OR, A = AND, 'V'= EXCLUSIVE OR, P = P 3 P 2 Pi P 0 . 
G = G 3 V G 2 P 3 VG ,P 2 P3 V G 0 P, P 2 P 3 , C n+3 = G 2 V G, P 2 VG 0 P 1 P 2 VC n P 0 P,P 2 


Shown below is a circuit diagram for a 16-bit application using 
four IDT39C03S, one IDT39C02 and a status shift control device. 
This application has four key speed paths which are defined 
below: 

1. Microcycle Time (t CHCH ) 

Minimum elapsed time between a LOW-to-HIGH clock transi- 
tion and the next LOW-to-HIGH clock transition. 

2. Data Set-up Time Odvch) 

Minimum allowable time between valid data on the D inputs 
and the clock LOW-to-HIGH transition. 

3. D to Y (t tdvyv ) 

Maximum time needed to receive valid Y output data after the 
D inputs are valid. 

4. CP to Y (t tchyv ) 

Maximum time required to obtain valid Y outputs after a clock 
LOW-to-HIGH transition. 


TIME IN NANOSECONDS 

OVER COMMERCIAL OPERATING RANGE 


HYCI F 

*CHYV 

*DVCH 

l DVYV 

*CHYV 


A 

B 

A 

B 

A 

B 

A 

B 

Logic 

99 

79 

79 

63 

59 

47 

81 

65 

Logic Rotate 

118 

94 

99 

79 

79 

63 

98 

78 

Arithmetic 

130 

104 

109 

87 

91 

73 

112 

90 

Multiply 

152 

122 

113 

90 

95 

76 

135 

108 

Divide 

139 

111 

113 

90 

95 

76 

121 

97 


FROM 

MICROPROGRAM 

MEMORY 


STATUS 

SHIFT 

CONTROL 


DA 

SI0 3 

OI0 3 

DA 

IDT39C03 

IS 

DA 

IDT39C03 

IS 

DA 

SIO 0 

QiO 0 

IDT39C03 
c MSS 

IDT39C02 

IDT39C03 

LSS 

V 



A 

N 



B 

2 Y CP 

Y CP 

Y CP 

>0 

Y CP 


PIPELINE 

REGISTER 


TIMING WAVEFORM FOR DATA !N , CLOCK AND Y OUTPUT 






I DT39C03 A/I DT39C03 B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

UlMhali 

v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

0 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

but 

DC Output Current 

30 

30 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER^ 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

Vim = ov 

5 

PF 

■m 

Output Capacitance 

Vqut= 0V 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

1/\ = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
Vhc = Vcc -0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ) 

MIN. 

TYP.' 2 ) 

MAX. 

UNIT 

V| H 

Input HIGH Level 

Guaranteed Logic High Level (4) 

2.0 

- 

- 

V 

VlL 

Input LOW Level 

Guaranteed Logic Low Level ( 4 ) 

- 

- 

■H 

V 

IlH 

Input HIGH Current 

Vcc= Max., Vin = Vex; 

- 

0.1 

5 

pA 

IlL 

Input LOW Current 

Vqq= Max., Vin = GND 

- 

-0.1 

-5 

PA 

Q 

Output HIGH Voltage 

V cc — Min. 

Vin = Vjh or Vj L 

Ioh = -300pA 

V HC 

v cc 

- 

D 

Ioh = -12mA MIL. 

mm 

■EM 

- 

Ioh = -15mA COM'L. 

EM 

■EM 

- 

V 0L 

Output LOW Voltage 

V cc = Min. 

Vin = V| H or V, L 

loi = 300pA 

- 

GND 

Vlc 

V 

bL = 20mA MIL. 

- 

0.3 

0.5 

I 0L = 24mA COM'L. 

- 

0.3 

0.5 

taz 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

Vo = OV 

- 

-0.1 

-10 

PA 

Vo = Vcc (Max.) 

- 

0.1 

10 

bs 

Output Short Circuit Current 

Vcc = Min., Vout = 0V< 3 > 

-30 

- 


mA 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at Vcc - 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 
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IDT39C03A/IDT39C03B FOUR-BIT 

CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T a = 0°C to +70°C V cc = 5.0V ±5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ±10% (Military) 

V LC = 0.2V 
V HC = Vcc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. (2> 

MAX. 

UNIT 

'CCQH 

Quiescent Power Supply Current 
CP = H (CMOS Inputs) 

V cc = Max. 

Vhc < Vin . Vin < Vlc 
f C p = 0, CP = H 

■ 

5 

15 

mA 

'CCQL 

Quiescent Power Supply Current 
CP = L (CMOS Inputs) 

Vcc = Max. 

Vhc < Vin, Vin < V|_c 
f CP = 0. CP = L 

■ 

5 

15 

mA 

'CCT 

Quiescent Input Power Supply* 51 
Current (per Input @ TTL High) 

V cc = Max. Vin = 3.4V, f C p = 0 

■ 

0.25 

0.5 

mA/ 

Input 

'CCD 

Dynamic Power Supply Current 

Vcc = Max. 

Vhc £ Vin. Vn < V lc 

Outputs Open, OE = L 

MIL. 

- 

0.5 

2.0 

mA/ 

MHz 

COM’L. 

- 

0.5 

1.5 

'cc 

Total Power Supply Current* 6 * 

V cc = Max., f C p_f 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V HC ^ V| N . Vin < V LC 

MIL. 

- 

10 

35 

mA 

COM’L. 

- 

10 

30 

V C c = Max., fcp_r 1°MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V, Vil = 0.4V 

MIL. 

- 

20 

55 

COM’L. 

- 

20 

50 


NOTES: 

5. I cot is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccoh. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels) . For all conditions, the Total Supply 
Current can be calculated by using the following equation: 


Icc - icCQH(CD H ) + IcCQL (1 “ CD H ) + l C CT (^T x D h) + icCD (fa 1 ) 


CDh = Clock duty cycle high period 
Dh = Data duty cycle TTL high period (Vin = 3.4V) 
Nr = Number of dynamic inputs driven at TTL levels 
f c p = Clock Input frequency 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test en- 
vironment. Large output currents are being switched in very short 
periods and proper testing demands that test set-ups have mini- 
mized inductance and guaranteed zero voltage grounds. The tech- 
niques listed below will assist the user in obtaining accurate testing 
results: 

1) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may oscillate, causing improper 
device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply lines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device testing. 
The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is necessary. The 
ground plane must be sustained from the performance board to 
the DUT interface board and wiring unused interconnect pins to 
the ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) To guarantee data sheet compliance, the input thresholds should 
be tested per input pin in a static environment. To allow fortesting 
and hardware-induced noise, IDT recommends using Vil < 0V 
and Vih > 3 V for AC tests. 
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I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C03A over the commercial operating range of 0°C to 
+ 70°C with Vcc from 4.75 to 5.25V. All data are in nanoseconds, 
with inputs switching between 0 and 3V at IV/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


TABLE 6. CLOCK AND WRITE PULSE 
CHARACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

15ns 


TABLE 7. 

ENABLE/DISABLE TIMES ALL FUNCTIONS 111 


FROM 

TO 

ENABLE 

DISABLE 

OEy 

Y 

25 

21 

OEs 

DB 

25 

21 


SIO 

25 

21 

k 

QIO 

38 

38 

ffl. 7, 6, 5 

OIO 

38 

38 

U. 3. 2, 1,0 

QIO 

38 

35 

LSS 

WRITE 

25 

21 


NOTE: 

1. C L = 5pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


TABLE 8. SET-UP AND HOLD TIMES ALL FUNCTIONS 




HIGH-TO-LOW 

LOW-TO-HIGH 




f PWL ^ 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don’t Care 

14 

3 

Store Yin RAM/Q (1) 

WE HIGH 

CP 

15 

Tpwt 

0 

Prevent Writing 

WE LOW 

CP 

Don’t Care 

Don't Care 

15 

0 

Write into RAM 

A, B Source 

CP 

20 

3 

Don’t Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

T 

PWL 

3 

Write Data into B Address 

QIOq. 3 

CP 

Don't Care 

Don’t Care 

17 

3 

Shift O 

i 8, 7. 6, 5 

CP 

12 

- 

20 

0 

Write into Q <2) 

TEN HIGH 

CP 

24 

T 

PWL 

0 

Prevent Writing into Q 

Ten low 

CP 

Don’t Care 

Don't Care 

21 

0 

Write into Q 

k 3 . 2, 1.0 

CP 

18 

- 

32 

0 

Write into Q (2) 


NOTES: 

1 . The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing. lEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
IEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 18,7.6,5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless TETT is HIGH, 
which prevents writing. 

8. The set-up time prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time prior to the clock H IGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14,3,2,1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — ► H and (2) the sum of the set-up time prior to clock H — * L and the clock LOW time. 












































































I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED COMMERCIAL RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF4) 


FROM 

TO 

a 

Cn + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

QIO 0> 3 

SlO 0 

SI0 3 

SIOo 

PARITY 

A, B Addr 

67 

55 

52 

74 

61 

67 

28 

- 

- 

41 

62 

78 

DA, DB 

58 

50 

40 

65 

54 

58 

- 

- 

- 

35 

59 

65 

Cn 

33 

18 

- 

35 

28 

26 

- 

- 

- 

23 

30 

38 

ta-o 

64 

64 

50 

72 

61 

62 

- 

34 

26* 

50* 

62* 

74* 

CP 

58 

42 

43 

61 

54 

58 

22 

- 

22 

37 

54 

60 

SlOo, SI0 3 

23 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

19 

TvlSS 

44 

- 

44 

44 

44 

44 

- 

- 

- 

- 

44 

MIS 

Y 

- 

- 

- 

17 

- 

- 

- 

- 

- 

- 

- 

1 

TER 

- 

- 

- 

- 

- 

- 

- 

20 

- 

- 

- 


EA 

58 

50 

40 

65 

54 

58 

- 

- 

- 

35 

59 

65 


NOTES: 

1 . A “ — ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4: F=S+1+C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

Y 



Z 

N 

OVR 

DB 

WRITE 

QIO 0 , 3 

SIOo 

A, B Addr 

MSS 

(67) 

(55) 

- 

- 

(61) 

(67) 

(28) 

- 

- 

(41) 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(41) 

LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(41) 

DA, DB 

MSS 

(58) 

(50) 

- 

- 

(54) 

(58) 

- 

- 

- 

(35) 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 

- 

(35) 

ns 

nm 

■n 

Kil 


■ 





!W 

C n 

MSS 

35 

m 

- 

- 

(28) 

(26) 

- 

- 

- 

(23) 

IS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(23) 

■^1 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(23) 

mm 

MSS 

94 

75 

- 

- 

88 

88 

- 

- 

(26) 

73* 

IS 

94 

75 

71 

- 

- 

- 

- 

- 

(26) 

73* 


94 

75 

71 

30 

- 

- 

- 

iH&nni 

WIMW 

73* 

CP 

MSS 

(58) 

(42) 

- 

- 

(54) 

(58) 

(22) 

- 

(22) 

(37) 

IS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(37) 

LSS 

90 

71 

67 

26 

- 

- 

(22) 

- 

(22) 

69 

2 

MSS 

64 

45 

- 

- 

58 

58 

- 

- 

- 

43 

IS 

64 

45 

41 


MB 

Hum 



■ 

mtm 

■^1 



■ 

m 

■ 


■ 



m 

SIO 0 ,SIO 3 

Any 

(23) 









- 


NOTES: 

1 . A “ — “ means the delay path does not exist. 

2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 


3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 


4. Unsigned Multiply 
SFO: F = S+C n if Z = 0 
F=S+R+C n if Z= 1 
Y=Log. F/2 
Q = Log. Q/2 
Y 3 = C n +4 (MSS) 
2=Q 0 (LSS) 


Two's Complement Multiply 
SF2: F=S+C n if Z = 0 
F = R + S + C n if Z = 1 
Y=Log. F/2 
Q = Log. Q/2 
Y 3 =F 3 ®OVR (MSS) 
Z = Q 0 (LSS) 


Two’s Complement Multiply Last Cycle 
SF6: F = S+C n if 2 = 0 

F = S-R-1 + C n if Z = 1 
Y= Log. F/2 
Q = Log. Q/2 
Y 3 = OVR © F 3 (MSS) 

Z = Q 0 (LSS) 
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1DT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED COMMERCIAL RANGE PERFORMANCE 
DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G,F 

Z 

N 

OVR 

DB 

WRITE 

QlOo, 3 

SI0 3 

A, B Addr 

MSS 

(67) 

61/(55) 

- 

(74)/- 

(61) 

(67) 

(28) 

- 

- 

62 

IS 

(67) 

(55) 

(52) 

(74)/- 

- 

- 

(28) 

- 

- 

(41) 

LSS 

(67) 

(55) 

(52) 

(74)/- 

- 

- 

(28) 

- 

- 

(41) 

DA, DB 

MSS 

(58) 

55/(50) 

- 

(65)/- 

(54) 

(58) 

- 

- 

- 

59 

IS 

(58) 

(50) 

(40) 

(65)/- 

- 

- 

- 

- 

- 

(35) 


Bl 

Bl 

B£!iH 

H&J9 






■S3B 

c n 

MSS 

KB 

33/(18) 

- 

(35)/- 

(28) 

27 

- 

- 

- 

32 

IS 

(33) 

(18) 

- 

(35)/- 

- 

- 

- 

- 

- 

(23) 


(33) 

(18) 

- 

(35)/- 

- 

- 

- 

- 

- 

(23) 

U-o 

MSS 

(64)/84 

75/68 

- 

(72)/29 

(61)/77 

(62)/77 

- 

- 

(26) 

63/83* 

IS 

(64)/84 

(64)/68 

(50)/70 

(72) 

- 

- 

- 

- 

(26) 

(62)/83* 


m 



Bl 

- 

- 

- 




CP 

MSS 

(58)/80 

46/64 

- 

(61 )/25 

(54)/66 

(58)/66 

(22) 

- 

(22) 


IS 

(58) 

(42) 

(43) 

(61)/- 

- 

- 

(22) 

- 

(22) 

(54) 

LSS 

(58) 

(42) 

(43) 

(61)/- 

- 

- 

(22) 

- 

(22) 

(54) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

— /55 

— /39 

— /41 

- 

- ' 

- 

- 

- 

- 

— /54 


— /55 

— /39 

— /41 

- 

- 

- 

- 

- 

- 

— /54 

SIO 0 , SI0 3 

Any 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. If two delays are given, the first is for first divide and normalization: the second is for two’s complement divide and two's complement divide 
correction. 


5. 


6 . 


Double Length Normalize and First Divide Op 
SFA: F = S + C n 
Y = Log. 2F 
Q = Log. 2Q 
SI0 3 =F 3 © R 3 (MSS) 

C n+ 4 =F 3 ©F 2 (MSS) 

OVR=F 2 ©F l (MSS)_ _ 

Z=Q 0 Q, Q 2 Q 3 ^) F, F 2 Fj 


Two’s Complement Divide 
SFC: F = R + S + Cn if Z=0 
F = S-R-1 + C n if Z = 1 
Y = Log. 2F 
Q = Log. 20 
SI Q 3 =F 3 ffi ~R 3 (MSS) 

Z = F 3 0 R 3 (MSS) from 
previous cycle 


Two’s Complement Divide Correction and Remainder 
SFE: F=R + S + C n if Z = 0 
F = S-R-1 + C n if Z=1 
Y = F 

O = Log. 20 

Z = F 3 0 R 3 (MSS) from previous cycle 


This specification is not tested but is guranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

I? 1 

SLICE 

Y 

Cn+4 

G.P 

Z 

N 

OVR 

DB 

WRITE 

qio 0>3 

SI0 3 

A, B Addr 

MSS 

97 

81 

- 

42 

89 

89 

mm 

- 

- 

102 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 

LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 

DA, DB 

MSS 

94 

76 

- 

37 

84 

84 

- 

- 

- 

97 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 

- 

(59) 

■£9 

mm 

Bl 

■on 

■ 

■ 

■ 

■ 

■ 


mn 

c n 

MSS 

(33) 

■Bn 


- 

32 

27 

- 

- 

- 

KK 

IS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(30) 


(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(30) 

'a-o 

MSS 

85 

67 

- 

28 

82 

73 

- 

- 

(26) 

88* 

IS 

85 

67 

63 

- 

- 

- 

- 

- 

(26) 

88* 

■£9 

85 

67 

63 

- 

- 

- 

- 

m 

■Bn 

88* 

CP 

MSS 

94 

76 

- 

37 

84 

84 

(22) 

- 

(22) 

97 

IS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(54) 

LSS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(54) 

Z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

57 

39 

35 

- 

- 

- 

- 

- 

- 

60 


57 

39 

35 

- 

- 

- 

- 

- 

- 

60 

SIOq. SI0 3 

BE 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A " — " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct data on an 
enabled output. 

3. An ( ) means the delay Is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF5: F = S + C n if Z = 0 Y 3 = S 3 ©F 3 (MSS) Q = Q 

F = 5+C„ifZ = 1 Z = S 3 (MSS) N = F 3 if Z = 0 

N = F 3 0 S 3 if Z = 1 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

QIO 0| 3 

SIO 3 

A, B Addr 

MSS 

(67) 

- 

- 

- 

- 

- 

(28) 

- 

- 

(62) 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 

LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 

DA. DB 

MSS 

(58) 

- 

- 

- 

- 

- 

- 

- 


(59) 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 

- 

(59) 


■m 

■a 

KiiH 








C n 

MSS 

KkU 

- 

- 

- 

- 

- 

- 

- 

- 

(30) 

IS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(30) 


(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(30) 

'ao 

MSS 

(64) 

37 

- 

29 

24 

24 

- 

- 

(26) 

(62)* 

IS 

(64) 

(64) 

(50) 

29 

- 

- 

- 

- 

(26) 

(62)* 



m 


29 

- 

- 

- 

(34) 


■(MU 

CP 

MSS 

(58) 

29 

- 

26 

26 

29 

(22) 

- 

(22) 

(54) 

IS 

(58) 

(42) 

(43) 

26 

- 

- 

(22) 

- 

(22) 

(54) 

LSS 

(58) 

(42) 

(43) 

26 

- 

- 

(22) 

- 

(22) 

(54) 

SIO 0 , SI0 3 

Any 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1. A “ — ” means the delay path does not exist. 

2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct data on an 
enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF8: F = S + C n C n + 4 = Qa_©_ Q 2 (MSS) 0VR = °2 © °i (MSS) 

N = Q 3 (MSS) Z = Qo^QgQa 

Y = F 

Q = LOG. 2Q 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED MILITARY 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C03A over the military operating range of -55 ° C to + 1 25 0 C 
with V C c from 4.5 to 5.5V. All data are in nanoseconds, with inputs 
switching between 0 and 3V at IV/ns and measurements made at 
1.5V. All outputs have maximum DC load. 


TABLE 9. CLOCK AND WRITE PULSE 
CHARACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

30ns 


TABLE 10. 

ENABLE/DISABLE TIMES ALL FUNCTIONS (1) 


FROM 

TO 

ENABLE 

DISABLE 

OE y 

Y 

25 

21 

OEb 

DB 

25 

21 


SIO 

25 

21 

k 

OIO 

38 

38 

18. 7. 6. 5 

QIO 

38 

38 

14. 3. 2. 1.0 

OIO 

38 

35 

E55 

WRITE 

30 

25 


NOTE: 

1 . C L = 5pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


TABLE 11. SET-UP AND HOLD TIMES ALL FUNCTIONS 




HIGH-TO-LOW 

LOW-TO-HIGH 




Wl ^ 

\ / 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don't Care 

14 

3 

Store Y in RAM/Q (1) 

WE HIGH 

CP 

15 

T PWL 

0 

Prevent Writing 

WE LOW 

CP 

Don't Care 

Don't Care 

15 

0 

Write into RAM 

A. B Source 

CP 

20 

3 

Don’t Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

T 

PWL 

3 

Write Data into B Address 

QIO 0 3 

CP 

Don't Care 

Don't Care 

17 

3 

Shift Q 

*8. 7. 6.5 

CP 

12 

- 

20 

0 

Write into Q (2) 

TEN HIGH 

CP 

24 

TpWL 

0 

Prevent Writing into Q 

TEN LOW 

CP 

Don’t Care 

Don’t Care 

21 

0 

' Write into Q 

*4. 3. 2. 1, 0 

CP 

18 

- 

32 

0 

Write into Q (2) 


NOTES: 

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing, TEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
TEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 1 8 . 7 , 6.5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless TEN is HIGH, 
which prevents writing. 

8. The set-up time prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time priorto the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14 , 3 . 2 . 1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — ► H and (2) the sum of the set-up time prior to clock H — *■ L and the clock LOW time. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED MILITARY RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF4) 


FROM 

TO 

D 

Cn+4 

G,P 

Z 

N 

OVR 

DB 

WRITE 

QlO 0| 3 

SlOg 

SIO3 

SlOo 

PARITY 

A, B Addr 

70 

58 

52 

78 

68 

67 

28 

- 

- 

47 

71 

84 

DA, DB 

60 

52 

40 

66 

55 

58 

- 

- 

- 

35 

61 

74 

C n 

35 

19 

- 

41 

31 

29 

- 

- 

- 

23 

33 

40 

ls—o 

72 

69 

56 

80 

71 

69 

- 

36 

26* 

58* 

75* 

89* 

CP 

60 

42 

43 

67 

55 

58 

22 

- 

22 

41 

61 

66 

SlOo, SI0 3 

26 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

19 

MSS 

44 

- 

44 

44 

44 

44 

- 

- 

- 

- 

44 

- 

Y 

- 

- 

- 

17 

- 

- 

- 

- 

- 

- 

- 

- 

lEN 

- 

- 

- 

- 

- 

- 

- 

20 

- 

- 

- 

- 

Eft 

60 

52 

40 

66 

55 

58 

- 

- 

- 

35 

61 

74 


NOTES: 

1 . A “ — " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4: F = S + 1 + C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

D 

C n +4 

G,P 

Z 

N 

OVR 

DB 

WRITE 

OIO 0i 3 

SlOo 

A. B Addr 

MSS 

72 

(58) 

- 

- 

(68) 

(67) 

■SSI 

- 

- 

(47) 

IS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(47) 

LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(47) 

DA, DB 

MSS 

62 

(52) 

- 

- 

(55) 

(58) 

- 

- 

- 

(35) 

IS 

(60) 

(52) 

(40) 

- 

- 

- 

- 

- 

- 

(35) 




Ki!H 





| ... /■ 


HS 

C n 

MSS 

40 

(19) 

- 

- 

(31) 

(29) 

- 

- 

- 

(23) 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(23) 


(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(23) 

U-o 

MSS 

108 

84 

- 

- 

98 

98 

- 

- 

(26) 

81* 

IS 

108 

84 

80 

- 

- 

- 

- 

- 

(26) 

81* 

HJI 

108 

84 

80 

33 

- 

- 

- 

(36) 

H£H 

81* 

CP 

MSS 

62 

(42) 

- 

- 

(55) 

(58) 

(22) 

- 

(22) 

(41) 

IS 

(60) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(41) 

LSS 

104 

80 

74 

29 

- 

- 

(22) 

- 

(22) 

77 

z 

MSS 

75 

51 

- 

- 

65 

65 

- 

- 

- 

48 

IS 

75 

51 

47 

- 

- 

- 

- 

- 

- 

48 


- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

SIO 0 , SI0 3 


(26) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. Unsigned Multiply Two's Complement Multiply Two’s Complement Multiply Last Cycle 

SFO: F = S+Cn if Z = 0 SF2: F = S+C n if Z = 0 SF6: F = S + C n if 2 = 0 

F = S+R + C n if Z = 1 F = R + S+C n if Z = 1 F = S-R-1 +C n if Z= 1 

Y= Log. F/2 Y= Log. F/2 Y= Log. F/2 

O = Log. 0/2 Q = Log. 0/2 Q = Log. Q/2 

Y 3 =C n + 4 (MSS) Y 3 =F 3 ®OVR(MSS) Y 3 = OVR®F 3 (MSS) 

Z = Q 0 (LSS) Z = Q 0 (LSS) Z = Q 0 (LSS) 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED MILITARY RANGE PERFORMANCE 
DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO 

SLICE 

Y 

Cn+4 

G,P 

z 

N 

OVR 

DB 

WRITE 

OIO 0> 3 

SIOj 

A. B Addr 

MSS 

mm 

ES51 

- 

(78)/- 

mm 

mm 

(28) 

- 

- 

mi 

IS 

(70) 

(58) 

(52) 

(78)/- 

- 

~ 

(28) 

- 

- 

(71) 

LSS 

(70) 

(58) 

(52) 

(78)/- 

- 

~ 

(28) 

- 

- 

(71) 

DA. DB 

MSS 

(60) 

66/(52) 

- 

( 66 )/- 

(55) 

(58) 

- 

- 

- 

(61) 

IS 

(60) 

(52) 

(40) 

( 66 )/- 

- 

- 

- 

- 

- 

(61) 


HU 

HE 

HE 

WMBl 






HI 

C n 

MSS 

El 

E2JEI 

- 

■SB 

El 

mm 

- 

- 

- 

36 

IS 

(35) 

(19) 

- 

(41)/- 

- 

- 

- 

- 

- 

(33) 


(35) 

(19) 

- 

(41)/- 

- 

- 

- 

- 

- 

(33) 

•e-o 

MSS 

(72)/96 

89/79 

- 

(80)/33 

(71)/91 

(69)/91 

- 

- 

(26) 

76/98* 

IS 

(72)/96 

(69)/79 

(56)/79 

(80)/- 

- 

- 

- 

- 

(26) 


LSS 


m 



- 

- 

- 

KB 

HE 


CP 

MSS 

W.WTH 

51/74 

- 

(67)/28 

(55)/74 

(58)/74 

( 22 ) 

- 

( 22 ) 

1ETEB 

IS 

(60) 

(42) 

(43) 

(67)/- 

- 

- 

( 22 ) 

- 

( 22 ) 

(61) 

LSS 

(60) 

(42) 

(43) 

(67)/- 

- 

- 

( 22 ) 

- 

( 22 ) 

(61) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


IS 

— /63 

— /46 

— /46 

- 

- 

- 

- 

- 

- 

— /65 


— /63 

— /46 

— /46 

- 

- 

_ 

- 

- 

- 

— /65 

SIOq, SI0 3 

■31 

■t£l 


■ 

^38881 


■ 


■ 


■ 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ’’*’’ is the delay to correct 

data on an enabled output. 

3. An ( ) means the delay Is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. If two delays are given, the first is for 1st divide and normalization; the second is for two’s complement divide and two’s complement divide 

correction. 


5. 


6 . 


Double Length Normalize and First Divide Op 
SFA: F = S + C n 
Y = Log. 2F 
Q = Log. 2Q 
SIO, =F 3 © R a (MSS) 

Cn + 4 =^ 3 © Fz(MSS) 

OVR = R> mF, (MSS) 

Z = <5q Q) Q 2 Q 3 F 0 F, Fj F 3 


Two’s Complement Divide 
SFC: F=R+S+C n if Z = 0 
F = S-R-1+C n if Z= 1 
Y = Log. 2F 
Q = Lo g. 2Q 

SI0 3 =F^fR 3 (MSS) 

Z = f 3 © H 3 (MSS) from 
previous cycle 


This specification is not tested but is guaranteed by correlation to the Standard Function 


Two’s Complement Divide Correction and Remainder 
SFE: F = R + S + C n if Z = 0 
F = S-R-1 + C n if Z = 1 
Y = F 

Q = Log. 2Q 

Z=F 3 0 R 3 (MSS) from previous cycle 


and Increment by One or Two Instruction Test. 
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I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED MILITARY RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G,F 

Z 

N 

OVR 

DB 

WRITE 

QIO 0f 3 

SIOj 

A. B Addr 

MSS 

114 

95 

- 

49 

106 

106 


- 

- 

125 

IS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 

LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 

DA, DB 

MSS 

108 

89 

- 

43 

101 

101 

- 

- 

- 

119 

IS 

(60) 

(52) 

(40) 

- 

- 

- 

- 

- 

- 

(61) 

MSI 


■&H 

WBSM 








C n 

MSS 

36 

(19) 

- 

- 

35 

(29) 

- 

- 

- 

(33) 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 

1531 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 

•s-o 

MSS 

98 

79 

- 

33 

97 

88 

- 

- 

(26) 

109* 

IS 

98 

79 

73 

- 

- 

- 

- 

- 

(26) 

109* 

1551 

98 

79 

73 

- 

- 

- 

- 



109* 

CP 

MSS 

108 

89 

- 

43 

101 

101 

(22) 

- 

(22) 

119 

IS 

(60) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(61) 

LSS 

(60) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(61) 

Z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

LSS 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

SIOq. sio 3 

Any 

(26) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An ’* " means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “ * ’ 
enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 


is the delay to correct data on an 



4. SF5: F = S + C n ifZ = 0 
F = 3+C n ifZ= 1 


Y 3 = S 3 0 F 3 (MSS) 
Z = S, (MSS) 

Y = F 


Q = Q 

N = F 3 if Z = 0 
N = F 3 0 S 3 if Z = 1 


5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03A GUARANTEED MILITARY RANGE PERFORMANCE 
SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

n 

Cn + 4 

G,F 

Z 

N 

OVR 

DB 

WRITE 

QIO 0 _ 3 

SI0 3 

A. B Addr 

MSS 

(70) 

- 

- 

- 

- 

- 

(28) 

- 

- 

(71) 

IS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 

LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 

DA, DB 

MSS 

(60) 

- 

- 

- 

- 

- 

- 

- 

- 

(61) 

IS 

(60) 

(52) 

(40) 

- 

- 

- 

- 

- 

- ■ 

(61) 


mm 

mm 

mm 



■bb 

■SB 

BiIjhI. . Jlj 

mt i ; 

mm 

C n 

MSS 

(35) 

- 

- 

- 

- 

- 

- 

- 

- 

(33) 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 

■EM 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 

U-o 

MSS 

(72) 

47 

- 

33 

27 

27 

- 

- 

(26) 

(75)* 

IS 

(72) 

(69) 

(56) 

33 

- 

- 

- 

- 

(26) 

(75)* 

■ESI 

H3B 

HI 

mm 

33 

- 

- 

- 

■9 

El 

■RESB 

CP 

MSS 

(60) 

31 

~ 

28 

26 

31 

(22) 

- 

(22) 

(61) 

IS 

(60) 

(42) 

(43) 

28 

- 

- 

(22) 

- 

(22) 

(61) 

LSS 

(60) 

(42) 

(43) 

28 

- 

- 

(22) 

- 

(22) 

(61) 

SIO 0 , sio 3 

Any 

(26) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An ■*’ means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct data on an 
enabled output. 

3. An { ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF8: F = S + C n C n + 4 = Qa^Qz (MSS) OVR = Q 2 ® Q, (MSS) 

N = Q 3 (MSS) Z = QoC^QaQa 

Y = F 

Q = LOG. 2Q 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C03B over the commercial operating range of 0°C to 
+ 70°C with Vcc from 4.75 to 5.25V. All data are in nanoseconds, 
with inputs switching between 0 and 3V at IV/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


TABLE 12. CLOCK AND WRITE PULSE 
CHARACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

24ns 

Minimum Clock High Time 

24ns 

Minimum Time CP and WE both Low to Write 

12ns 


TABLE 13. 

ENABLE/DISABLE TIMES ALL FUNCTIONS* 1 * 


FROM 

TO 

ENABLE 

DISABLE 

(5E y 

Y 

20 

17 

UEg 

DB 

20 

17 

k 

SIO 

20 

17 


OIO 

30 

30 

'a. 7 , e, 5 

010 

30 

30 

U. 3 . 2 , 1.0 

OIO 

30 

30 

ESS 

WRITE 

20 

17 


NOTE: 

1. C L = 5pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


TABLE 14. SET-UP AND HOLD TIMES ALL FUNCTIONS 




HIGH-TO-LOW 

LOW-TO-HIGH 




Wl w 

\ / 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don't Care 

11 

3 

Store Yin RAM/Q (1) 

WE HIGH 

CP 

12 

T PWL 

0 

Prevent Writing 

WE LOW 

CP 

Don't Care 

Don't Care 

12 

0 

Write into RAM 

A, B Source 

CP 

16 

3 

Don’t Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

5 

T 

PWL 

3 

Write Data into B Address 

QIOq, 3 

CP 

Don't Care 

Don't Care 

14 

3 

Shift Q 

^ 8, 7 . 6, 5 

CP 

10 

- 

16 

0 

Write into Q (2) 

TER HIGH 

CP 

19 

T 

PWL 

0 

Prevent Writing into Q 

TER LOW 

CP 

Don’t Care 

Don't Care 

17 

0 

Write into Q 

U, 3 , 2 , 1.0 

CP 

14 

- 

25 

0 

Write into Q (2) 


NOTES: 

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (Oe Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. TEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing, TEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
TER LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 18,7.6.5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless TER is HIGH, 
which prevents writing. 

8. The set-up time prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14,3,2,1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — *■ H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 















































































IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED COMMERCIAL RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF4) 


FROM 

TO 

n 

Cn+4 

3,P 

Z 

N 

OVR 

DB 

WRITE 

QIOq, 3 

SIO 0 

SIO3 

SlOo 

PARITY 

A, B Addr 

54 

44 

41 

60 

49 

54 

23 

- 

- 

33 

50 

62 

DA, DB 

46 

40 

32 

52 

43 

47 

- 

- 

- 

28 

47 

52 

C„ 

26 

15 

- 

28 

22 

20 

- 

- 

- 

19 

24 

30 

•e-o 

51 

51 

40 

58 

49 

50 

- 

27 

21* 

40* 

50* 

59* 

CP 

46 

34 

35 

49 

43 

47 

18 

- 

18 

30 

43 

48 

SlOo, SI0 3 

19 

- 

- 

23 

- 

- 

- 

- 

- 

- 

23 

15 

MSS 

35 

- 

35 

35 

35 

35 

- 

- 

- 

- 

35 


Y 

- 

- 

- 

14 

- 

- 

- 

- 

- 

- 

- 


TER 

- 

- 

- 

- 

- 

- 

- 

16 

- 

- 

- 


E5 

46 

40 

32 

52 

43 

47 

- 

- 

- 

28 

47 

52 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4:F = S + 1 + C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

n 

Cn + 4 

S,P 

z 

N 

OVR 

DB 

WRITE 

QiOo.a 

SlOo 

A. B Addr 

MSS 

mim 

(44) 

- 

- 

(49) 

(54) 

(23) 

- 

- 

■sm 

IS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(33) 

LSS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(33) 

DA, DB 

MSS 

(46) 

(40) 

- 

- 

(43) 

(47) 

- 

- 

- 

(28) 

IS 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(28) 


Kl 

K9 

19 







■9 

C n 

MSS 

28 

(15) 

- 

- 

(22) 

. (20) 

- 

- 

- 

09) 

IS 

(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(19) 


(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(19) 

U-o 

MSS 

75 

60 

- 

- 

70 

70 

- 

- 

(21) 

58* 

IS 

75 

60 

57 

- 

- 

- 

- 

- 

(21) 

58* 

LSS 

75 

60 

57 

24 

- 

- 

- 

(27) 

msm 

58* 

CP 

MSS 

(46) 

(34) 

- 

- 

(43) 

(47) 

(18) 


(18) 

(30) 

IS 

(46) 

(34) 

(35) 

- 

- 

- 

(18) 

- 

(18) 

(30) 

LSS 

72 

57 

54 

21 

- 

- 

(18) 

- 

(18) 

55 

Z 

MSS 

51 

36 

- 

- 

46 

46 

- 

- 

- 

34 

IS 

51 

36 

33 

- 

- 

- 

- 

- 

- 

34 












SlOo, SI0 3 

Any 

(19) 




- 



- 


- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 


3. 

4. 


5. 


An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 


Unsigned Multiply 
SFO: F = S + C n if Z = 0 
F=S + R + C n if Z = 1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 = C n + 4 (MSS) 

Z = Q 0 (LSS) 

This specification is not tested but is 


Two’s Complement Multiply 
SF2: F = S + C„ if Z = 0 
F = R + S+C n if Z = 1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 =F 3 ®OVR (MSS) 

Z = Q 0 (LSS) 

guaranteed by correlation to the Standard Function 


Two’s Complement Multiply Last Cycle 
SF6: F = S + C n if Z = 0 
F = S-R-1+C n if Z = 1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 = OVR © (MSS) 

Z = Q 0 (LSS) 

1 Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED COMMERCIAL RANGE PERFORMANCE 
DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

QIOo.3 

SI0 3 

A. B Addr 

MSS 

(54) 

48/(44) 

- 

(60)/- 

(49) 

(54) 

(23) 

- 

- 

50 

IS 

(54) 

(44) 

(41) 

(60)/- 

- 

- 

(23) 

- 

- 

(33) 

LSS 

(54) 

(44) 

(41) 

(60)/- 

- 

- 

(23) 

- 

- 

(33) 

DA. DB 

MSS 

(46) 

44/(40) 

- 

(52)/- 

(43) 

(47) 

- 

- 

- 

47 

IS 

(46) 

(40) 

(32) 

(52)/- 

- 

- 

- 

- 

- 

(28) 


MUM 

■ssn 


mmBM 






■m 

C n 

MSS 

(26) 

26/(15) 

- 

(28)/- 

(22) 

23 

- 

- 

- 

26 

IS 

(26) 

(15) 

- 

(28)/- 

- 

- 

- 

- 

- 

(19) 

1331 

(26) 

(15) 

- 

(28)/- 

- 

- 

- 

- 

- 

(19) 

*8-0 

MSS 

(51)/67 

(51)/54 

- 

57/23 

(49)/62 

(50)/73 

- 

- 

(21) 

(50J/66* 

IS 

(51)/67 

(51 )/54 

(40)/56 

57/- 

- 

- 

- 

- 

(21) 


1331 

m 

IldlMI 


57/- 

- 

- 

- 

.m 

■3H 

WiliH 

CP 

MSS 

(46)/64 

37/51 

- 

(49)/20 

(43)/53 

(47)53 

(18) 

- 

(18) 

(43)/63 

IS 

(46) 

(34) 

(35) 

(49)/- 

- 

- 

(18) 

- 

(18) 

(43) 

LSS 

(46) 

(34) 

(35) 

(49)/- 

- 

- 

(18) 

- 

(18) 

(43) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

— /44 

— /31 

— /33 

- 

- 

- 

- 

- 

- 

— /43 


— /44 

-731 

— /33 

- 

- 

- 

- 

- 

- 

— /43 

SIOq, SI0 3 

■SS 

MUM 



■ 

■ ■ 

■ 


■■BHi 

■ 



NOTES: 


1 . 

2 . 

3. 

4. 

5. 


6 . 


A “ — " means the delay path does not exist. 

An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

If two delays are given, the first is for 1st divide and normalization; the second is for two's complement divide and two’s complement divide 
correction. 


Double Length Normalize and First Divide Op 
SFA: F=S+C n 
Y=Log. 2F 
Q = Log. 2Q 
SIO,=F,© R ,(MSS) 

Cn + 4=^ 3 © ^2 (MSS) 

OVR=R, m Fj (MSS) 

Z = QoQi Q? Q.3 F 3 F 3 
This specification is not tested but is guaranteed by 


Two's Complement Divide 
SFC: F=R+S+C n if Z = 0 
F=S-R-1+C n if Z= 1 


Two’s Complement Divide Correction and Remainder 
SFE: F=R+S+C n ifZ=0 
F = S-R-1 + C n if Z = 1 


Y = Log. 2F Y = F 

Q = Log. 2Q Q = Log. 2Q 

SI0 3 = F 3 0 R 3 (MSS) Z = F 3 0 R 3 (MSS) from previous cycle 

Z = 1-3 0 H 3 (MSS) from 
previous cycle 

correlation to the Standard Function and Increment by One or Two Instruction Test. 

























































































































I DT39C03A/I DT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G,F 

Z 

N 

OVR 

DB 

WRITE 

QIO 0j 3 

SI0 3 

A, B Addr 

MSS 

77 

65 

- 

34 

72 

72 

(23) 

- 

- 

82 

IS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(50) 

LSS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(50) 

DA. DB 

MSS 

75 

60 

- 

30 

67 

67 

- 

- 

- 

78 

IS 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(47) 

LSS 

warn 

M&M 


HKSi 

■HI 

heh 


■ 

■H 

msm 

C n 

MSS 

(26) 

mm 

- 

- 

26 

22 

- 

- 

- 

(24) 

IS 

(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(24) 


(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(24) 

la-o 

MSS 

68 

54 

- 

23 

66 

58 

- 

- 

(21) 

70* 

IS 

68 

54 

50 

- 

- 

- 

- 

- 

( 21 ) 

70 * 

■LUI 

68 

54 

50 

- 

- 

- 

- 

( 27 ) 

■3H 

70 * 

CP 

MSS 

75 

60 

- 

30 

67 

67 

( 18 ) 

- 

( 18 ) 

77 

IS 

( 46 ) 

( 34 ) 

( 35 ) 

- 

- 

- 

( 18 ) 

- 

( 18 ) 

( 43 ) 

LSS 

( 46 ) 

( 34 ) 

( 35 ) 

- 

- 

- 

( 18 ) 

- 

( 18 ) 

( 43 ) 

Z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

mmigjgjji 

IS 

46 

32 

28 

- 

- 

- 

- 

- 

- 

48 

■E9 

■SB 

32 

28 

- 

- 

- 

- 

- 

- 

48 


NOTES: 

1 . A “ — ” means the delay path does not exist. 

2. An ” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “* ” is the delay to correct data on an 
enabled output. 

3. An { ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF5: F = S + C n if Z = 0 Y 3 = S 3 ® F 3 (MSS) Q = Q 

F = 5 + C n if Z = 1 Z = S 3 (MSS) N = F 3 if Z = 0 

N = F 30 S 3 ifZ=1 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 




















































































































IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

QIO 0>3 

SI0 3 

A, B Addr 

MSS 

(54) 

_ 

- 

- 

- 

- • 

(23) 

- 

- 

(50) 

IS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(50) 

LSS 

(54) 

(44) 

(41) 

- 

- 

- 

(23) 

- 

- 

(50) 

DA, DB 

MSS 

(46) 

- 

- 

- 

- 

- 

- 

- 

- 

(47) 

IS 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(47) 


MUM 

HI 









C n 

MSS 

(26) 

- 

- 

- 

- 

- 

- 

- 

- 

(24) 

IS 

(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(24) 

13S1 

(26) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(24) 

^8-0 

MSS 

(51) 

30 

- 

23 

19 

19 

- 

- 

(21) 

(50)* 

IS 

(51) 

52 

(40) 

23 

- 

- 

- 

- 

(21) 

(50)* 

Bli-1 

wsm 

52 

■cm 

23 

- 

- 

- 

(27) 

■sm 

■&1U1I 

CP 

MSS 

(46) 

23 

- 

21 

21 

21 

(18) 

- 

(18) 

(43) 

IS 

(46) 

(34) 

(35) 

21 

- 

- 

(18) 

- 

(18) 

(43) 

LSS 

(46) 

(34) 

(35) 

21 

- 

- 

(18) 

- 

(18) 

(43) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

- 

- 

- 

- 






- 

BBS! 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

SIO 0 ,SIO 3 

ESS 

(19) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1. A means the delay path does not exist. 


2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct data on an 
enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF8: F = S + C n C n +j=_Q3_^lQ 2 (MSS) OVR = Q z © Q, (MSS) 

N = Q 3 (MSS) 2 = Q 0 Q,Q 2 Q 3 

Y = F 

Q = LOG. 2Q 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 


































































































I DT39C03A/I DT39C03 B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED MILITARY 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C03Boverthe military operating range of -55 °C to + 125 °C 
with Vfcc from 4.5 to 5.5V. All data are in nanoseconds, with inputs 
switching between 0 and 3V at IV/ns and measurements made at 
1.5V. All outputs have maximum DC load. 


TABLE 15. CLOCK AND WRITE PULSE 
CHARACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

24ns 

Minimum Clock High Time 

24ns 

Minimum Time CP and WE both Low to Write 

24ns 


TABLE 16. 

ENABLE/DISABLE TIMES ALL FUNCTIONS (1) 


FROM 

TO 

ENABLE 

DISABLE 

OE y 

Y 

20 

17 

OEs 

DB 

20 

17 

k 

SIO 

20 

17 

la 

QIO 

30 

30 

18, 7. 6, 5 

QIO 

30 

30 

L. 3. 2. 1, 0 

QIO 

30 

28 

ESS 

Write 

24 

20 


NOTE: 


1 . C L = 5pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


TABLE 17. SET-UP AND HOLD TIMES ALL FUNCTIONS 




HIGH-TO-LOW 

LOW-TO-HIGH 




tpWL 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don’t Care 

11 

3 

Store Yin RAM/Ql 1 * 

WE HIGH 

CP 

12 

TpWL 

0 

Prevent Writing 

WE LOW 

CP 

Don’t Care 

Don't Care 

12 

0 

Write into RAM 

A, B Source 

CP 

16 

3 

Don’t Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

5 

T 

PWL 

3 

Write Data into B Address 

OIO 0 ,3 

CP 

Don’t Care 

Don’t Care 

14 

3 

Shift O 

1 8. 7. 6. 5 

CP 

10 

- 

16 

0 

Write into Q' 2) 

TEN HIGH 

CP 

19 

T 

PWL 

0 

Prevent Writing into Q 

TEN LOW 

CP 

Don’t Care 

Don't Care 

17 

0 

Write into Q 

k, 3 , 2 . 1. 0 

CP 

14 

- 

25 

0 

Write into Q (2) 


NOTES: 

1 . The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should bo the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. lEN controls writing into Q and, indirectly, controls WE through the WRItE/MSS output. To prevent writing, IEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
IEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 18,7.6.5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless TER is HIGH, 
which prevents writing. 

8. The set-uptime prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14 3 2 , 1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — ► H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 
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I DT39C03A/I DT39C03B FOUR-BIT 

CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED MILITARY RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF4) 


FROM 

TO 

n 

Cn+4 

G,P 

Z 

N 

OVR 

DB 

WRITE 

QIO 0t 3 

SIO 0 

SI0 3 

SIOo 

PARITY 

A, B Addr 

56 

46 

42 

62 

55 

54 

23 

- 

- 

38 

57 

67 

DA. DB 

48 

42 

32 

53 

44 

46 

- 

- 

- 

28 

49 

59 

Cn 

28 

15 

- 

33 

25 

23 

- 

- 

- 

19 

26 

32 

la-o 

57 

55 

45 

64 

57 

55 

- 

29 

21 

46 

60 

72 

CP 

48 

33 

34 

54 

44 

46 

18 

- 

18 

33 

49 

53 

SIOo. SIO 3 

20 

- 

- 

23 

- 

- 

- 

- 

- 

- 

23 

15 

MSS 

35 

- 

35 

35 

35 

35 

- 

- 

- 

- 

35 

- 

Y 

- 

- 

- 

14 

- 

- 

- 

- 

- 

- 

- 

- 

TEN 

- 

- 

- 

- 

- 

- 

- 

16 

- 

- 

- 

- 

EA 

48 

42 

32 

53 

44 

46 

- 

- 

- 

28 

49 

59 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An “‘" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*" is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4: F = S+ 1 + C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

Y 

C n + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

QlOo, 3 

SIOo 

A, B Addr 

MSS 

58 

(46) 

- 

- 

(55) 

(54) 

(23) 

- 

- 

(38) 

IS 

(56) 

(46) 

(42) 

- 

_ 

- 

(23) 

- 

- 

(38) 

LSS 

(56) 

(46) 

(42) 

- 

- 

- 

(23) 

- 

- 

(38) 

DA, DB 

MSS 

50 

(42) 

- 

- 

(44) 

(46) 

- 

- 

- 

(28) 

IS 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(28) 


hciiH 

19 









C n 

MSS 

32 

(15) 

- 

- 

(25) 

(23) 

- 

- 

- 

(19) 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(19) 


(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(19) 

^8-0 

MSS 

86 

67 

- 

- 

78 

78 

- 

- 

(21) 

65* 

IS 

86 

67 

64 

- 

- 

- 

- 

- 

(21) 

65* 


86 

67 

64 

27 

- 

- 

- 

(29) 

«4JH 

65* 

CP 

MSS 

50 

(33) 

- 

- 

(44) 

(46) 

■(Lfl 

- 

(18) 

(33) 

IS 

(48) 

(33) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(33) 

LSS 

83 

64 

59 

23 

- 

- 

(18) 

- 

(18) 

62 

z 

MSS 

60 

40 

- 

- 

52 

52 

- 

- 

- 

38 

IS 

60 

40 

38 

- 

- 

- 

- 

- 

- 

38 


- 

- 

- ' 

- 

- 

- 

- 

- 

- 

- 

SIOo. SI0 3 

Bilfe 

(20) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ — ” means the delay path does not exist. 

2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. Unsigned Multiply Two's Complement Multiply Two’s Complement Multiply Last Cycle 

SFO: F = S+C n if 2 = 0 SF2: F = S+C n if Z = 0 SF6: F = S+C n if Z = 0 

F = S+R+C n if Z = 1 F = R+S+C n if Z = 1 F = S-R-1 +C n if Z= 1 

Y = Log. F/2 Y = Log. F/2 Y = Log. F/2 

Q = Log. Q/2 Q = Log. Q/2 Q = Log. Q/2 

Y 3 = C n +4 (MSS) Y 3 =F 3 ©OVR(MSS) Y 3 = OVR 0 (MSS) 

Z = Q 0 (LSS) Z = Q 0 (LSS) Z = Q 0 (LSS) 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED MILITARY RANGE PERFORMANCE 
DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO I 

SLICE 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DB 

WRITE 

qio 0j3 

SIO 

A, B Addr 

MSS 

(56) 

58/(46) 

- 

(62)/- 

(55) 

(54) 

(23) 

- 

- 

(57) 

IS 

(56) 

(46) 

(42) 

(62)/- 

- 

- 

(23) 

- 

- 

(57) 

LSS 

(56) 

(46) 

(42) 

(62)/- 

- 

- 

(23) 

- 

- 

(57) 

DA. DB 

MSS 

(48) 

(42) 

- 

(53)/- 

(44) 

(46) 

- 

- 

- 

(49) 

IS 

(48) 

(42) 

(32) 

(53)/- 

- 

- 

- 

- 

- 

(49) 


MOM 

mm 

jam 



■ 


■ 


wmm 

C n 

MSS 

mm 

30/(15) 

~ 

(33)/- 

(25) 

(23) 

- 

- 

- 

29 

IS 

(28) 

(15) 


(33)/- 

- 

- 

- 

- 

- 

(19) 


(28) 

(15) 

~ 

(33)/- 

- 

- 

- 

- 

- 

(19) 

*0-0 

MSS 

(57)/77 

72/63 

~ 

(64)/- 

[57)173 

(55J/73 

- 

- 

(21) 


IS 

(57)/7 7 

(55)/63 

(45)/63 

(64)/- 

- 

- 

- 

- 

(21) 


wzm 

WMuA 

IBMI 

KiHI 

US 

- 

- 

- 



mrnm 

CP 

MSS 

(48)/73 

40/59 

- 

(54)/22 

(44)/59 

(46)/59 

(18) 


(18) 

(49)/74 

IS 

(48) 

(33) 

(34) 

(54)/- 

- 

- 

(18) 

- 

(18) 

(49) 

LSS 

(48) 

(33) 

(34) 

(54)/- 

- 

- 

(18) 

- 

(18) 

(49) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

iT'rm 

IS 

— /50 

-12,7 

— /37 

- 

- 

- 

- 

- 

- 

—152 

■USB 

— /50 

—12,7 

-137 

- 

- 

- 

- 

- 

- 

-152 

SIO0.SIO3 

Any 

(20) 

- 

- 

- 

- 

- 

- 

- 

- 



NOTES: 

1 . A " - ' means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 

data on an enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. If two delays are given, the first is for first divide and normalization; the second is for two’s complement divide and two’s complement divide 

correction. 


Double Length Normalize and First Divide Op 
SFA: F = S + C n 
Y=Log. 2F 
O = Log. 2Q 
SI0 3 =F 3 © R 3 (MSS) 

Cn +4 = F 3 © Fg (MSS) 

OVR = Fg © R (MSS) 


z— QoQi Q2Q3F1 F| Fg 


Two’s Complement Divide 
SFC: F = R + S + C n if Z = 0 
F = S-R-1 + C n if Z = 1 
Y=Log. 2F 
Q = Log. 2Q 
S1 0 3 =F 3 ffl R 3 (MSS) 

2 = F 3 © h 3 (MSS) from 
previous cycle 


Two’s Complement Divide Correction and Remainder 
SFE: F=R + S+C n if Z = 0 
F = S-R-1+C n if Z = 1 
Y=F 

Q = Log. 2Q 

Z =F 3 0 R 3 (MSS) from previous cycle 


6 . This specification is not tested but is guranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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I DT39C03A/I DT39C03 B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED MILITARY RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 

SLICE 

Y 

Cn + 4 

Z5,F 

Z 

N 

OVR 

DB 

WRITE 

QIOo.3 

sio 3 

A, B Addr 

MSS 

92 

76 

- 

39 

85 

85 

(23) 

- 

- 

100 

IS 

(56) 

(46) 

(42) 

- 

- 

- 

(23) 

- 

- 

(57) 

LSS 

(56) 

(46) 

(42) 

- 

- 

- 

(23) 

- 

- 

(57) 

DA. DB 

MSS 

86 

72 

- 

35 

80 

80 

- 

- 

- 

95 

IS 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(49) 


mm 


m 








C n 

MSS 

29 

(15) 

- 

- 

28 

(23) 

- 

- 

- 

(26) 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 


(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 

mm 

MSS 

78 

64 

- 

26 

78 

78 

- 

- 

(21) 

87* 

IS 

78 

64 

58 

- 

- 

- 

- 

- 

(21) 

87* 


78 

64 

58 

- 

- 

- 

- 

(29) 

■feSH 

87* 

CP 

MSS 

86 

72 

- 

34 

80 

80 

(18) 

- 

(18) 

95 

IS 

(48) 

(33) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(49) 

LSS 

(48) 

(33) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(49) 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

52 

37 

32 

- 

- 

- 

- 

- ■ 

- 

60 


52 

37 

32 

- 

- 

- 

- 

- 

- 

60 

SIO 0 , SI0 3 

Any 

(20) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A " - ‘ means the delay path does not exist. 


2. An “*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct data on an 
enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF5: F = S + C n if Z = 0 Y 3 = S 3 © F 3 (MSS) Q = Q 

F = 5 + C n if Z = 1 Z = S 3 (MSS) N = F 3 if Z = 0 

Y = F N = F 3 © S 3 if Z = 1 

5. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03B GUARANTEED MILITARY RANGE PERFORMANCE 
SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

D 

Cn + 4 

G.P 

2 

N 

OVR 

DB 

WRITE 

QiOo.s 

SI0 3 

A, B Addr 

MSS 

ns 

- 

- 

- 

- 

- 

(23) 

- 

- 

■Si! 

IS 

(56) 

(46) 

(42) 

- 

- 

- 

(23) 

- 

- 

(57) 

LSS 

(56) 

(46) 

(42) 

- 

- 

- 

(23) 

- 

- 

(57) 

DA. DB 

MSS 

(48) 

- 

- 

- 

- 

- 

- 

- 

- 

(49) 

IS 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(49) 


ms 

ms 

ms 

Bpplfy 






mm 

C n 

MSS 

ms 









■SSI 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 


(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 

•e-o 

MSS 

(57) 

38 

- 

26 

22 

22 

■ - 

- 

(21) 

(60)* 

IS 

(57) 

(55) 

(45) 

26 

- 

- 

- 

- 

(21) 

(60)* 


ms 

ms 


26 

- 

- 

- 

Kl 

■3 n 

mm 

CP 

MSS 

ms 

25 

■ - 

23 

20 

25 

ms 

- 

(18) 

mm 

IS 

(48) 

(33) 

(34) 

23 

- 

- 

(18) 

- 

(18) 

(49) 

LSS 

(48) 

(33) 

(34) 

23 

- 

- 

(18) 

- 

(18) 

(49) 

SIO 0 .SlO 3 

Any 

(20) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ — ” means the delay path does not exist. 


2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*" is the delay to correct data on an 
enabled output. 

3. An ( ) means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF8: F = S + C n C n + 4 = Qg ©Q, (MSS) OVR = Q, © Q, (MSS) 

N = Q 3 (MSS) 2 = 00^,0203 

Q = LOG. 20 
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IDT39C03A/IDT39C03B FOUR-BIT 
CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C03 INPUT/OUTPUT 
INTERFACE CIRCUITRY 


ESD 

PROTECTION 


INPUTS O- 


AW 

— R 





OUTPUTS 




OUTPUTS 


Figure 1. Input Structure (All Inputs) 


Figure 2. Output Structure 
(All Outputs) 


Figure 3. Open Drain Structure 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 4 


TEST LOAD CIRCUIT 


SWITCHING WAVEFORMS 


| 



3.0V \YYYYYYYYYYYYY 

inputs ^ imtMm 

1.5V 1.5V "7 

■ 

0. 1 

* ' I 


-*■ t H 

3.0V — » 

CLOCK \ ~i 

0M \. / 



7 

S.5V 


r^r 

rr to 

CLOCK 

TO 

OUTPUT 

DELAY 


, INPL 


DELAY 

n 

OUTPUTS 

t-1.5V 

1 





O — O 7.0V 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to Z 0 ut °f the 
Pulse Generator 


Figure 4. Switching Test Circuits 


ORDERING INFORMATION 


XXXXX 

X 

X 

Device Type 

Package 

Process 

Temperature 

Range 


Blank 

B 


P 

C 

L 

39C03A 

39C03B 


Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
Sidebraze DIP 
Leadless Chip Carrier 

4-Bit CMOS pP Slice 
High-Speed 4-Bit CMOS pP Slice 
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MICROSLICE™ PRODUCT 


FEATURES: 

• Low-power CMOS 

— Commercial: 45mA (max.) 

— Military: 55mA (max.) 

• Fast 

— A version meets standard speed 

— B version is 20% -50% speed upgrade 

• 9-Deep stack 

— Accommodates nested loops and subroutines 

• Cascadable 

— Infinitely expandable in 4-bit increments 

• Available in 28-pin DIP and LCC (IDT39C09) and 20-pin DIP, 
LCC and SO 1C (IDT39C11) 

• Pin-compatible, functional enhancement for all versions of the 
2909/291 1 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT39C09/1 1 devices are high-speed, 4-bit address se- 
quencers intended for controlling the sequence of microinstruc- 
tions located in the microprogram memory. They are fully cas- 
cadable and can be expanded to any increment of 4 bits. 

The I DT39C09s can select an address from any four sources: 1 ) 
external direct inputs (D); 2) external data from the R inputs, stored 
in an internal register; 3) a 9-word deep push-pop stack; or 4) a pro- 
gram counter register. Also included in the stack are additional 
control functions which efficiently execute nested subroutine link- 
age. Each output can be ORed wi th an e xternal input for condi- 
tional skip or branch instructions. A ZERO input line forces the out- 
puts to all zeroes. All outputs are three-state and are controlled by 
the OE (Output Enable) pin. 

The IDT39C11s operate identically to the IDT39C09S, except 
the four OR inputs are removed and the D and R inputs are tied to- 
gether. They are fabricated using CEMOS ™ , CMOS technology 
designed for high-performance and high-reliability. Military grade 
product is manufactured in compliance with the latest revision of 
MIL-STD-883, Class B, making them ideally suited to military tem- 
perature applications demanding the highest level of performance 
and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES OCTOBER 1987 

© 1987 Integrated Device Technology, Inc. DSC-9003/- 
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IDT39C09A/B AND IDT39C11A/B 

4-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 

IDT39C09 



IDT39C11 


cpc 

Vcc C 
REC 
D 3 C 
d 3 C 
D, C 
D 0 C 
gndC 

ZEROC 

Sod 


17 


5 P 20 - 1 ^ 
D20-1 1 

6 & 15 

7 SO20-2 14 


13 


□ PUP 

□ FE 

□ Cn + 4 

Zl Cn 

□ OE 

^ y 3 

□ y 2 

□ Yi 

□ Y 0 

□ S, 


DIP/SOIC 
TOP VIEW 


IDT39C09 


R o 

or 3 
D 3 
or 2 
d 2 

OR, 

D, 

CZ O 2 |§ </? «/T >? 
O o 

In 

LCC 

TOP VIEW 



PIN DESCRIPTIONS 


NAME 

I/O 

DESCRIPTION 

Si, S 0 

1 

Control lines for address source selection. 

FE. PUP 

1 

Control lines for push/pop stack. 

RE 

1 

Enable line for internal address register. 

OR, 

1 

Logic OR inputs on each address output line. 
(IDT39C09 ONLY.) 

ZERO 

1 

When LOW, forces output lines to zero. 

OE 

1 

Output Enable. When OE is HIGH, the Y outputs 
are OFF (high impedance). 

C n 

1 

Carry-in to the incrementer. 

R| 

1 

Inputs to the internal address register. 

(IDT39C09 ONLY.) 

D| 

1 

Direct inputs to the multiplexer. 

CP 

1 

Clock input to the AR, |iPC register and 
Push-Pop stack. 

Y, 

0 

Address outputs from IDT39C09/11. (Address 
inputs to control memory.) 

Cn + 4 

0 

Carry out from the incrementer. 



LCC 

TOP VIEW 
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IDT39C09A/B AND IDT39C11A/B 

4-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


MICROPROGRAM SEQUENCER ARCHITECTURE 

The IDT39C09/11’s architecture consists of the following seg- 
ments: 

— Multiplexer 

— Direct Inputs 

— Address Register 

— Microprogram Counter 

— Stack 

MULTIPLEXER 

The multiplexer is controlled by the So and Si inputs to select 
the address source. The two inputs control the selection of the ad- 
dress register, direct inputs, microprogram counter or stack as the 
source of the next microinstruction address. 

DIRECT INPUTS 

This 4-bit field of inputs (Di) allows addresses from an external 
source to be output on the Y outputs. On the IDT39C1 Is, these in- 
puts are also used as inputs to the register. 

ADDRESS REGISTER 

The Address Register (AR) consists of 4 D-type, edge-triggered 
flip-flops which are controlled by the Register Enable (RE) input. 
With the address register enable LOW, new data will be entered 
into the register on the clock LOW-to-HIGH transition. The address 
register is also available as the next microinstruction address to the 
multiplexer. 

MICROPROGRAM COUNTER 

Both devices contain a microprogram counter { jllPC) , which 
consists of a 4-bit incrementer followed by a 4-bit register. The in- 
crementer has Carry-In (C n ) and Carry-Out (C n + 4 ) for easy and 
simple cascading. 

When the least significant carry-in to the incrementer is HIGH, 
the microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y + 1 — ► jaPC). If the least sig- 
nificant C n is LOW, the incrementer passes the Y output word 
unmodified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y-+ pPC). 

STACK 

The 9-deep stack, which stores return addresses when execut- 
ing microinstructions, is an input to the multiplexer. It contains a 
stack pointer which always points to the last word written. The 
added stack depth of 9 on the IDT39C09/1 1 allows for additional 
microinstruction nesting. 

The stack pointer is an up/down counter controlled by File End 
(FE) and Push/POP (PUP) inputs. When the FE input is LOW and 


the PUP input is HIGH, the PUSH operation is enabled. The stack 
pointer will then increment and the memory array is written with the 
microinstruction address following the subroutine jump that initi- 
ated the PUSH. A POP operation is initiated at the end of a 
microsubroutine to obtain the return address. A POP will occur 
when FE and PUP are both LOW, implying a return from a subrou- 
tine. The next LOW-to-HIGH clock transition causes the stack 
pointer to decrement. If the FE input is HIGH, no action is taken by 
the sta ck poin ter regardless of any other input. 

The ZERO is used to force the four outputs to the binary zero 
state. When LOW, all Y outputs are LOW regardless of any other 
inputs (except OE). Each Y output bit also has a separate OR input 
such that a conditional logic one can be forced at each Y output 
(IDT39C09 only). This allows jumping to different micro- 
instructions on programmed conditions. 

The Output Enable (OE) input controls the Y outputs. When 
HIGH, the outputs are programmed to a high impedance condi- 
tion. 

OPERATION OF THE IDT39C09/11 

Figure 1 lists the select codes for the multiplexer. The two bits 
applied from the microword register (and additional combinational 
logic for branching) determine which data source contains the ad- 
dress for the next microinstruction. The contents of the selected 
source will appear on the Y outputs. Also in Figure 1 is the truth ta- 
ble for the output control and the push/pop stack control. So, Si, 
FE and PUP operation is explained in Figure 2. All four define the 
address appearing on the Y outputs and the state of the internal 
registers following a clock LOW-to-HIGH transition. 

The columns on the left explain the sequence of micro- 
instructions to be executed. At address J + 2, the sequence con- 
trol portion of the microinstruction contains the command “Jump 
to Subroutine at A”. At the timeT2, this instruction is in the jiWR and 
the IDT39C09 inputs are set up to execute the jump and save the 
return address. The subroutine address A is applied to the D inputs 
from the |iWR and appears on the Y outputs. The first instruction of 
the subroutine, I (A), is accessed and is at the inputs of the pWR. 
On the next clock transition, I (A) is loaded into the ^WR for execu- 
tion and the return address J + 3 is pushed onto the stack. The re- 
turn instruction is executed at T5. Figure 4 is a similar timing chart 
showing one subroutine linking to a second, the latter consisting of 
only one microinstruction. 

Figures 3 and 4 are examples of subroutine execution. The in- 
struction being executed at any given time is the one contained in 
the microword register (p.WR) . The contents of the (xWRalso con- 
trols the four signals So ,Si , FE and PUP. The starting address of the 
subroutine is applied to the D inputs of the I DT39C09 at the correct 
time. 
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ADDRESS SELECTION OUTPUT CONTROL 


S, 

So 

SOURCE FOR Y OUTPUTS 

SYMBOL 

L 

L 

Microprogram Counter 

pPC 

L 

H 

Address/Holding Register 

AR 

H 

L 

Push-Pop Stack 

STKO 

H 

H 

Direct Inputs 

Di 


OR, 

ZERO 

1 OE j 

Y, 

X 

X 


Z 

X 

L 


L 

H 

H 


H 

L 

H 

mm 

Source selected by S 0 S, 


Z = High Impedance 


SYNCHRONOUS STACK CONTROL 


mnn 

PUP 1 

PUSH-POP STACK CHANGE 

ag 


No change 

n 

n 

Increment stack pointer, then push current PC 
onto STKO 

■ 

■ 

Pop stack {decrement stack pointer) 


H = High 
L = Low 
X = Don’t Care 


Figure 1. 


CYCLE 

S„, S^FE, PUP 

pPC 

REG 

HEffl 

COMMENT 

PRINCIPAL USE 

N 

N + 1 

L L L L 

J 

J + 1 

K 

K 

■ 

Pop Stack 

End Loop 

N 

N + 1 

L L L H 

J 

J + 1 

K 

K 

H 

Push pPC 

Set-up Loop 

N 

N + 1 

L L H X 

J 

J + 1 

K 

K 

■ 

Continue 

Continue 

N 

N + 1 

L H L L 

J 

K + 1 

K 

K 

K 

Pop Stack; Use AR for Address 

End Loop 

N 

N + 1 

L H L H 

J 

K + 1 

K 

K 

K 

Push jjPC; Jump to Address in AR 

JSR AR 

N 

N + 1 

L H H X 

J 

K + 1 

K 

K 

K 

Jump to Address in AR 

JMP AR 

N 

N + 1 

H L L L 

J 

Ra + J 

K 

K 

Ra 

Jump to Address in STKO; Pop Stack 

RTS 

N 

N + 1 

H L L H 

J 

Ra + 1 

K 

K 

Ra 

Jump to Address in STKO; Push pPC 


N 

N + 1 

H L H X 

J 

Ra + 1 

K 

K 

Ra 

Jump to Address in STKO 

Stack Ref (Loop) 

N 

N + 1 

H H L L 

J 

D + 1 

K 

K 

D 

Pop Stack; Jump to Address on D 

End Loop 

N 

N + 1 

H H L H 

J 

D + 1 

K 

K 

D 

Jump to Address on D; Push pPC 

JSR D 

N 

N + 1 

H H H X 

J 

D + 1 

K 

K 

D 

Jump to Address on D 

JMP D 


X = Don't Care, 0 = LOW, 1 = HIGH, Assume C N = HIGH 


Figure 2. Output and Internal Next-Cycle Register States for IDT39C09/11 
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CONTROL MEMORY 


EXECUTE 

CYCLE 

MICROPROGRAM 

ADDRESS 

SEQUENCER 

INSTRUCTION 


J - 1 

- 

To 

J 

- 

Ti 

J + 1 

- 

t 2 

J + 2 

JSR A 

t 6 

J + 3 

- 

t 7 

J + 4 

- 

t 3 

A 

1(A) 

t 4 

A + 1 

- 

T 5 

A + 2 

RTS 


In the columns in figures 3 and 4, the sequence of micro- 
instructions to be executed are shown. At address J + 2, the com- 
mand “Jump to Subroutine at A” is contained in the sequence con- 
trol portion of the microinstruction. At time T 2 , this instruction is in 
the |iWR and the IDT39C09 inputs are set up to execute the jump 
and save the return address. The subroutine address A is applied 
to the D inputs from the p.WR and appears on the Y outputs. The 
first instruction of the subroutine, I (A), is accessed and is at the in- 
puts of the pWR. On the next clock transition, I (A) is loaded into the 
pWR for execution and the return address J + 3 is pushed onto the 
stack. The return instruction is executed at T 5 . Figure 4 shows a 
similar timing chart of one subroutine linking to a second, the latter 
consisting of only one microinstruction. 


EXECUTE CYCLE 

To 

Ti 

t 2 

t 3 

t 4 

t 5 

To 

t 7 

To 


CLOCK 

SIGNALS 


— L_ 

~ ] L_ 








| 

IDT39C09/1 1 

Inputs 
(from pWR) 

Si ■ S 0 

FET 

PUP 

D 

0 

H 

X 

X 

0 

H 

X 

X 

n 

0 

H 

X 

X 

0 

H 

X 

X 

b 

0 

H 

X 

X 

0 

H 

X 

X 

■ 

■ 

Internal 

Registers 

pPC 

STKO 

STK1 

STK2 

STK3 

J + 1 


1 

A + 1 

J + 3 

A + 2 

J + 3 

A + 3 

J + 3 

J + 4 

J + 5 

■ 

1 

IDT39C09/11 

Output 

Y 

J + 1 

J + 2 

1 1 

A + 1 

A + 2 

D 




Hi 

ROM Output 

(Y) 

1 (J + 1) 

JSR A 

1(A) 

1 (A + 1) 

RTS 

1 (J + 3) 

1 (J + 4) 

1 (J + 5) 



Contents of pWR 
(Instruction 
being executed) 

pWR 

1 (J) 

1 (J + 1) 

JSR A 

1(A) 

1 (A + 1) 

RTS 

1 (J + 3) 

1 (J + 4) 

■ 

■ 


Cn = High 


Figure 3. Subroutine Execution 
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IDT39C09/11 APPLICATIONS 

The IDT39C09 and IDT39C11 are four-bit-slice sequencers 
which are cascaded to form a microprogram memory address 
generator. Both products make available to the user several lines 
which are used to directly control the internal holding register, mul- 
tiplexer and stack. By appropriate control of these lines, the user 
can implement any desired set of sequence control functions; by 
cascading parts he can generate any desired address length. 
These two qualities set the IDT39C09 and IDT39C1 1 apart from the 
IDT39C10, which is architecturally similar, but is fixed at 12 bits in 
length and has a fixed set of 1 6 sequence control instructions. The 
IDT39C09 or IDT39C11 should be selected instead of the 
IDT39C10 under the following conditions: (1) address less than 8 
bits and not likely to be expanded; (2) address longer than 1 2 bits; 
(3) more complex instruction set needed than is available on 
IDT39C10. 


CONTROL UNIT ARCHITECTURE 

The recommended architecture using the IDT39C09 or 
IDT39C1 1 is shown in Figure 5. The path from the pipeline register 
output through the next address logic, multiplexer and micro- 
program memory is all combinational. The pipeline register con- 
tains the current microinstruction being executed. A portion of that 
microinstruction consists of a sequence control command such as 
“continue”, “loop”, “return from subroutine”, etc. The bits repre- 
senting this sequence command are logically combined with bits 
representing such things as test conditions and system state to 
generate the required control signals to the IDT39C09 or 
IDT39C11. 


IDT39C09 OR IDT39C11 


VARIOUS 

TEST 

CONDITIONS 



Figure 5. Recommended Computer Control Unit Architecture Using the IDT39C09A/B and IDT39C11A/B 
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IDT39C09/11 EXPANSION 

Figure 6 shows the interconnection of three I DT39C1 1 s to form a 
12-bit sequencer. Note that the only interconnection between 
packages, other than the common clock and control lines, is the 
ripple carry between jiPC incrementors. This carry path is not in 
the critical speed path if the IDT39C11 Y outputs drive the 
microprogram memory, because the ripple carry occurs in parallel 
with the memory access time. If, on the other hand, a microaddress 
register is placed at the IDT39C1 1 output, then the carry may lie in 
the critical speed path since the last carry-in must be stable for a 
set-up time prior to the clock. 

SELECTING BETWEEN THE IDT39C09 AND IDT39C11 

The difference between the IDT39C09 and the IDT39C11 in- 
volves two signals: the data inputs to the holding register and the 


OR inputs. In the IDT39C09, separate four-bit fields are provided 
for the holding register and the direct branch inputs to the multi- 
plexer. In the IDT39C11, these fields are internally tied together. 
This may affect the design of the branch address system, as shown 
in Figure 7. Using the IDT39C09, the register inputs may be con- 
nected directly to the microprogram memory; the internal register 
replaces part of the pipeline register. The direct (D) inputs may be 
tied to the mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might be 
used with the IDT39C11, it is more common to connect the 
IDT39C1 1’s D inputs to a branch address bus onto which various 
sources may be enabled. Shown in Figure 7 is a pipeline register 
and a mapping ROM. Other sources might also be applied to the 
same bus. The internal register is used only for temporary storage 
of some previous branch address. 


BRANCH ADDRESS IN 



MICROINSTRUCTION 


Figure 6. Twelve Bit Sequencer 




Figure 7. Branch Address Structure 
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The second difference between the IDT39C09 and IDT39C1 1 is 
that the IDT39C09 has OR inputs available on each address output 
line. These pins can be used to generate multi-way single-cycle 
branches by simply typing several test conditions into the OR lines 
(see Figure 8). Typically, a branch istaken to an address with zeros 
in the least significant bits. These bits are replaced with 1 s or Os by 
test conditions applied to the OR lines. In Figure 8, the states of the 
two test conditions X and Y result in a branch to 1 1 00, 1 1 01 , 1 1 1 0 or 
1111. 


HOWTO PERFORM COMMON FUNCTIONS 
WITH THE IDT39C09/11 

1. CONTINUE 


MUX/Yout 

STACK 

C n 

Si 

So 

FE 

PUP 

PC 

HOLD 

H 

L 

L 

H 

X 

Contents of PC placed on Y outputs; PC incremented. 



2. BRANCH 






MUX/Yout 

STACK 

C n 

s, 

So 

FE 

PUP 

D 

HOLD 

H 

H 

H 

H 

X 


Feed data on D inputs straight through to memory address lines. 
Increment address and place in PC. 


3. JUMP TO SUBROUTINE 


MUX/Yout 

STACK 

c„ 

Si 

So 

FE 

PUP 

D 

PUSH 

H 

H 

H 

L 

H 


Subroutine address fed from D inputs to memory address. 
Current PC is pushed onto stack where it is saved for the return. 



y 3 y 2 Y, Y 0 

t 


1 1 Y X 


4. RETURN FROM SUBROUTINE 


MUX/Yout 

STACK 

C„ 

Si 

So 

FE 

PUP 

STACK 

POP 

H 

H 

L 

L 

L 


The address at the top of the stack is applied to the microprogram memory 
and is incremented for PC on the next cycle. The stack is popped to 
remove the return address. 


Figure 8. Use of OR Inputs to Obtain 4-Way Branch 
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ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 


Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

30 

30 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25 ° c, f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

CONDITIONS 

TYP. 

UNITS 

C !N 

Input Capacitance 

< 

2 

II 

o 

< 

5 

PF 

C OUT 

Output Capacitance 

V 0UT = 0V | 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T a = 0°C to +70°C V cc = 5.0V +5% (Commercial) 

T a = -55 °C to + 125°C V cc = 5.0V ±10% (Military) 

V LC = 0.2V 
Vhc = V cc -0.2V 


8 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics. 

2. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 


Input HIGH Level 

Guaranteed Logic High Level H) 

2.0 

- 

- 

V 

V|L 

Input LOW Level 

Guaranteed Logic Low Level ( 4 ) 

- 

- 

0.8 

V 

'|H 

Input High Current 

Vcc = V, n = V cc 

- 

0.1 

5 

M-A 

'lL 

Input LOW Current 

Vcc = Max., Vin = GND 

- 

-0.1 

-5 

M-A 

V 0H 

Output HIGH Voltage 

V cc = Min. 

Vin = V| H orV| L 

Ioh = “300|xA 

Vhc 

Vcc 

- 

V 

Ioh = -12mA MIL. 

2.4 

4.3 

- 

I 0H = -15mACOM’L. 

2.4 

mm 

- 

V 0L 

Output LOW Voltage 

< < 

Z O 
o 

II II 

o 

<: 

r* 

!ql “ 300 jxA 

- 

GND 

V L c 

D 

l 0L = 20mA MIL. 

- 

0.3 

0.5 

I 0L = 24mA COM’L. 

- 

0.3 

0.5 

'oz 

Off State (High Impedance) 

Output Current 

Vcc — Max. 

o< 

II 

o 

< 

- 

-0.1 

-10 

PA 

V 0 = Vcc (max.) 

- 

0.1 

10 

'os 

Output Short Circuit Current 

V cc = Max., V 0UT = OVO) 

-30 

-50 

- 

mA 
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DC ELECTRICAL CHARACTERISTICS (CONT’D) 

T a = 0°Cto +70°C V cc = 5.0V ±5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ±10% (Military) 

V LC = 0.2V 

V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

'CCQH 

Quiescent Power Supply Current 

CP = H (CMOS Inputs) 

Vcc = Max. 

Vhc < VlN , V|N < Vlc 
f C p = 0, CP = H 

■ 

2.5 

5 

mA 

'CCQL 

Quiescent Power Supply Current 

CP = L (CMOS Inputs) 

Vcc = Max. 

Vhc < Vin, Vin < Vlc 
f CP = 0, CP = L 

■ 

2.5 

5 

mA 

'CCT 

Quiescent Input Power Supply® 
Current (per Input @ TTL High) 

V cc = Max. Vin = 3.4V, fcp = 0 

1 

0.3 

0.5 

mA/ 

Input 

n 

Dynamic Power Supply Current 

V cc = Max. 

Vhc < V in, Vn < V lc 

Outputs Open, UE = L 

MIL. 

- 

2.0 

4.0 

mA/ 

MHz 

COM’L. 

- 

2.0 

3.0 

•cc 

(6) 

Total Power Supply Current 

Vcc ~ Max., fcp ~ 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V H c < V IN , V IM < V LC 

MIL 

- 

25 

45 

mA 

COM’L. 

- 

25 

35 

V C c = Max., f C p = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V, V IL = 0.4V 

MIL. 

- 

35 

55 

COM’L 

- 

35 

45 


NOTES: 


5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh. then dividing by the total number of inputs. 

6. T otal Supply Current is the sum of the Quiescent current and the Dynamic current (at either CM OS or TTL input levels) . For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

icc = icCOH(^H) + IcCQL (1 ” CD H ) + IccT ( N T xD h) + IcCO ( f Cp) 

CD H = Clock duty cycle high period 

D H = Data duty cycle TTL high period (V 1N = 3.4V) 

N T = Number of dynamic inputs driven at TTL levels 
f CP = Clock Input frequency 


CMOS TESTING CONSIDERATIONS 

There are certain testing considerations which must be taken 
into account when testing high-speed CMOS devices in an auto- 
matic environment. These are: 

1) Proper decoupling at the test head is necessary. Placement of 
the capacitor set and the value of capacitors used is critical in 
reducing the potential erroneous failures resulting from large 
Vcc current changes. Capacitor lead length must be short and 
as close to the DUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
improper device operation and possible latchup. 


3) Definition of input levels are very important. Since many inputs 
may change coincidently, significant noise at the device pins 
may cause the Vil and Vih levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT rec- 
ommends using Vil < 0V and Vih > 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial 
decoupling between power and ground planes is required. The 
ground plane must be sustained from the performance board to 
the DUT interface board. All unused interconnect pins must be 
properly connected to the ground pin. Heavy gauge stranded 
wire should be used for power wiring and twisted pairs are rec- 
ommended to minimize inductance. 
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IDT39C09B/IDT39C1 1 B SWITCHING 
CHARACTERISTICS OVER OPERATING RANGE 

Table I, II and III below define the timing characteristics of the 
IDT39C09B/11B over the operating voltage and temperature 
ranges. The tables are divided into three types of parameters: clock 
characteristics, combinational delays from inputs to outputs and 
set-up and hold ti me requirements. The latter table defines the ti me 
prior to the end of the cycle (i.e., clock LOW-to-HIGH transition) 
that each input must be stable to guarantee that the correct data is 
written into one of the internal registers. 

Measurements are made at 1 .5V with Vil = OV and Vih = 3.0V. 
For three-state disable tests, C L = 5.0pF and measurement is to 
0.5V change on output voltage level. All outputs have maximum 
DC loading. 


TABLE I 

CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 

COMMERCIAL 

MILITARY 

Minimum Clock LOW Time 

12 

12 

Minimum Clock HIGH Time 

12 

12 


TABLE II 

MAXIMUM COMBINATIONAL 
PROPAGATION DELAYS 

Cl = 50pF (except output disable test) 


FROM INPUT 

COMMERCIAL 

MILITARY 

UNIT 

Y 

C n + 4 

Y 

+ 4 

D, 

14 

15 

16 

17 

ns 

So. Si 

13 

15 

15 

17 

ns 

OR, 

14 

14 

15 

15 

ns 

Cn 

- 

11 

- 

12 

ns 

ZERO 

14 

14 

15 

15 

ns 

OE LOW (enable) 

14 

- 

15 

- 

ns 

OE HIGH (disable)* 1 * 

14 

- 

15 

- 

ns 

Clock | Si Sq = LH 

17 

17 

19 

19 

ns 

Clock | S,S 0 = LL 

17 

17 

19 

19 

ns 

Clock t SiS 0 = HL 

17 

17 

19 

19 

ns 


NOTE: 

1. C L = 5pF 


TABLE III 

GUARANTEED SET-UP AND HOLD TIMES (1) 


FROM INPUT 

COMMERCIAL 

MILITARY 

UNIT 

SET-UP 

TIME 

HOLD 

TIME 

SET-UP 

TIME 

HOLD 

TIME 

RE 

6 

2 

7 

3 

ns 

R,(2) 

6 

2 

7 

3 

ns 

PUP 

9 

2 

10 

3 

ns 

FE 

9 

2 

10 

3 

ns 

Cn 

6 

2 

7 

3 

ns 

D| 

8 

0 

9 

0 

ns 

OR, 

8 

0 

9 

0 

ns 

So. Si 

11 

0 

12 

0 

ns 

ZERO 

7 

0 

8 

0 



NOTES: 

1. All times relative to clock LOW-to-HIGH transition. 


2. OnlDT39Cl1,R| andD, are internally connected together and labeled 
D| . Use R| set-up and hold times when D inputs are used to load 
register. 
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4-BIT CMOS MICROPROGRAM SEQUENCER 
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IDT39C09A/IDT39C1 1 A SWITCHING 
CHARACTERISTICS OVER OPERATING RANGE 

Table I, II and III below define the timing characteristics of the 
IDT39C09A/11A over the operating voltage and temperature 
ranges. The tables are divided into three types of parameters: clock 
characteristics, combinational delays from inputs to outputs and 
set-up and hold time requirements. The latter table defines the time 
prior to the end of the cycle (i.e., clock LOW-to-HIGH transition) 
that each input must be stable to guarantee that the correct data is 
written into one of the internal registers. 

Measurements are made at 1.5V with Vil = OV and Vm = 3.0V. 
For three-state disable tests, C L = 5.0pF and measurement is to 
0.5V change on output voltage level. All outputs have maximum 
DC loading. 


TABLE I 

CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 

COMMERCIAL 

MILITARY 

Minimum Clock LOW Time 

20 

20 

Minimum Clock HIGH Time 

20 

20 


TABLE II 

MAXIMUM COMBINATIONAL 
PROPAGATION DELAYS 

Cl = 50pF (except output disable test) 


FROM INPUT 

COMMERCIAL 

MILITARY 

UNIT 

Y 

G n + 4 

Y 

G n + 4 

D, 

17 

22 

20 

25 

ns 

So, S, 

29 

34 

29 

34 

ns 

OR, 

17 

22 

20 

25 

ns 

Cn 

- 

14 

- 

16 

ns 

ZERO 

29 

34 

30 

35 

ns 

OE LOW (enable) 

25 

- 

25 

- 

ns 

OE HIGH (disable)' 11 

25 

- 

25 

- 

ns 

Clock t S, Sq = LH 

39 

44 

45 

50 

ns 

Clock f S, S 0 = LL 

39 

44 

45 

50 

ns 

Clock f S, S 0 = HL 

44 

49 

53 

58 

ns 


NOTE: 

1. C L = 5pF 


TABLE III 

GUARANTEED SET-UP AND HOLD TIMES (1) 


FROM INPUT 

COMMERCIAL 

MILITARY 

UNIT 

SET-UP 

TIME 

HOLD 

TIME 

SET-UP 

TIME 

HOLD 

TIME 

RE 

19 

4 

19 

5 

ns 

R, (2) 

10 

4 

12 

5 

ns 

PUP 

25 

4 

27 

5 

ns 

FE 

25 

4 

27 

5 

ns 

Cn 

18 

4 

18 

5 

ns 

Di 

25 

0 

25 

0 

ns 

OR, 

25 

0 

25 

0 

ns 

So.S, 

25 

0 

29 

0 

ns 

ZERO 

25 

0 

29 

0 



NOTES: 

1. All times relative to clock LOW-to-HIGH transition. 


2. OnlDT39Cl1,R| and D, are internally connected together and labeled 
D| . Use R| set-up and hold times when D inputs are used to load 
register. 


CP 


ALL INPUTS 
(EXCEPT GE) 


YOUT 
C n + 4 


tpwH . 
(Table I) 


tpwL . 
(Table I) 


^\V clock H \Y\ 
-t\\ TO L OCCURS \Vr 
\V .ANYTIME HERE V \\\ 







3.0V 

1.5V 

0V 

3.0V 

1.5V 

0V 


VoH 

1.5V 

Vol 
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TEST LOAD CIRCUIT 



TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance. 
R T = Termination resistance: should be equal to Z 0 ut of the 
Pulse Generator. 


Figure 9. Switching Test Circuit (all outputs) 


SWITCHING WAVEFORMS 





^ M8BB 

r i-sv-j 

fi 

CLOCK 3 ° V "A - 

ov \ / 


t s - 

— ► 


- t H 

L 1.5V 


r 

IT TO 
‘PUT 

LAY 

CLOCK 

TO 

OUTPUT 

DELAY 


INPL 

OU1 

DEI 

mn 

7 

f 




AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 9 


INPUT/OUTPUT INTERFACE CIRCUITRY 



Figure 10. Input Structure 


Figure 11. Output Structure 
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ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 


CERDIP 
Plastic DIP 
Lee 

Small Outline 1C (IDT39C11 only) 

Standard-Speed Sequencer 
High-Speed Sequencer 


4-Bit CMOS Microprogram Sequencer 
4-Bit CMOS Microprogram Sequencer 
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12-BIT CMOS 

IDT39C10B 

MICROPROGRAM 

IDT39C10C 

SEQUENCER 



MICROSLICE™ PRODUCT 


FEATURES: 


DESCRIPTION: 


• Low-power CEM OS ™ 

— Ice (max.) 

Military: 90mA 
Commercial: 75mA 

• Fast 

— IDT39C10B matches 2910A speeds 

— IDT39C10C 30% speed upgrade 

• 33-Deep stack 

— Accommodates highly nested loops and subroutines 

• 12-bit address width 

• 12-bit internal loop counter 

• 16 powerful microinstructions 

• Three output enables control 3-way branch 

• Available in 40-pin DIP and 44-pin LCC/PLCC 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87708 is pending listing on 
this function. Refer to Section 2/page 2-4. 


FUNCTIONAL BLOCK DIAGRAM 


The IDT39C10 microprogram sequencers are designed for use 
in high-performance microprogram state machines. These micro- 
program sequencers are intended for use in controlling the se- 
quence of microinstructions executed in the microprogram mem- 
ory. The IDT39C10S provide several conditional branch instruc- 
tions that allow branching to any microinstruction within the 4K 
microword address space. A 33-deep last-in/first-out stack pro- 
vides for a very powerful microprogram subroutine return linkage 
and looping capability. With this depth of a microprogram return 
stack, the microprogrammer has maximum flexibility in nesting 
subroutines and loops. The counter contained in the IDT39C10s 
provides for microinstruction loop counts of up to 4096, in terms of 
total count length. 

The IDT39C10S provide a 12-bit address to the microprogram 
memory. This microprogram sequencer selects one of four 
sources for the address. These are (1) the microprogram address 
register, (2) external direct input, (3) internal register counter and 
(4) the 33-deep LIFO stack. The microprogram counter usually 
contains an address that is one greater than the microinstruction 
currently being executed in the microprogram pipeline register. 

The IDT39C10S are fabricated using CEMOS, a CMOS technol- 
ogy designed for high-performance and high-reliability. The de- 
vices are pin-compatible, performance-enhanced, functional re- 
placements for the 2910A. 




CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc, 
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PIN CONFIGURATIONS 


_^_ 7 _ 


P40-1, 

C40-1 

& 

D40-1 


40 □ D 3 
39 □ Y 3 
38 □ D 2 
37 □ Y 2 
36 □ D, 

35 □ Y, 

34 □ D 0 
33 □ Y 0 
32 □ Cl 
31 □ CP 
30 □ GND 
29 □ OE 
28 □ Y„ 
27 □ D„ 

26 □ Y 10 

25 □ D 10 
24 □ Yg 
23 □ Dg 
22 □ Ye 
21 ^ D a 



DIP 

TOP VIEW 


PLCC/LCC 
TOP VIEW 


PIN DESCRIPTIONS 


PIN NAME 

I/O 

DESCRIPTION 

D, 

1 

Direct input to register/counter and 
multiplexer D 0 is LSB. 

l| 

1 

Selects one-of-sixteen instructions. 

CC 

1 

Used as test criterion. Pass test is a 
LOW on CC. 

CCEN 

1 

Whenever the signal is HIGH, CC is 
ignored and the part operates as 
though CC were true (LOW). 

Cl 

1 

Lowordercarryinputtoincrementer 
for microprogram counter. 

RLD 

1 

When LOW forces loading of regis- 
ter/counter regardless of instruction 
or condition. 

OE 

1 

Three-state control of Y, outputs. 

CP 

1 

Triggers all internal state changes at 
LOW-to-HIGH edge. 

Y, 

0 

Address to microprogram memory. 
Y 0 is LSB, Y 1t is MSB. 

FULL 

0 

Indicates that 33 items are on the 
stack. 

PL 

0 

Can select #1 source (usually Pipe- 
line Register) as direct input source. 

MAP 

0 

Can select #2 source (usually Map- 
ping PROM or PLA) as direct input 
source. 

VECT 

0 

Can select #3 source (for example. 
Interrupt Starting Address) as direct 
input source. 
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PRODUCT DESCRIPTION 

The IDT39C10S are high-performance CMOS microprogram 
sequencers that are intended for use in very high-speed micro- 
programmable microprocessor applications. The sequencers al- 
low for direct control of up to 4K words of microprogram. 

The heart of the microprogram sequencers is a 4-input multi- 
plexer that is used to select one of four address sources to select 
the next microprogram address. These address sources include 
the register/counter, the direct input, the microprogram counter or 
the stack as the source for the address of the next microinstruction. 

The register/counter consists of twelve D-type flip-flops which 
can contain either an address or a count. These edge-triggered 
flip-flops are under the control of a common clock enable, as well 
as the four microinstruction control inputs. When the load control 
(RLD) is LOW, the data at the D inputs is loaded into this register on 
the LOW-to-HIGH transition of the clock. The output of the register/ 
counter is available at the multiplexer as a possible next address 
source for the microcode. Also, the terminal count output associ- 
ated with the register/counter is available at the internal instruction 
PLA to be used as a condition code input for some of the micro- 
instructions. The IDT39C10s contain a microprogram counterthat 
usually contains the address of the next microinstruction com- 
pared to that currently being executed. The microprogram counter 
actually consists of a 12-bit incrementer followed by a 12-bit regis- 
ter. The microprogram counter will increment the address coming 
out of the sequencer going to the microprogram memory if the 
carry-in input to this counter is HIGH; otherwise, this address will 
be loaded into the microprogram counter. Normally, this carry-in 
input is set to the logic HIGH state so that the incrementer will be 
active. Should the carry-in input be set LOW, the same address is 
loaded into the microprogram counter. This is a technique that can 
be used to allow execution of the same microinstruction several 
times. 

There are twelve D-inputs on the IDT39C10S that go directly to 
the address multiplexer. These inputs are used to provide a branch 
address that can come directly from the microcode or some other 
external source. The fourth input available to the multiplexer for 
next address control is the 33-deep, 12-bit wide LIFO stack. The 
LIFO stack provides return address linkage for subroutines and 
loops. The IDT39C10S contain a built-in stack pointer that always 
points to the last stack location written. This allows for stack refer- 
ence operations, usually called loops, to be performed without 
popping the stack. 

The stack pointer internal to the IDT39C10s is actually an up/ 
down counter. During the execution of microinstructions one, four 
and five, the PUSH operation may occur depending on the state of 
the condition code input. This causes the stack pointer to be incre- 
mented by one and the stack to be written with the required return 
linkage (the value contained in the microprogram counter). On the 
microprogram cycle following the PUSH, this new return linkage 
data that was in the microprogram counter is now at the new loca- 
tion pointed to by the stack pointer. Thus, any time the multiplexer 
looks at the stack, it will see this data on the top of the stack. 

During five different microinstructions, a pop operation associ- 
ated with the stack may occur. If the pop occurs, the stack pointer is 
decremented at the next LOW-to-HIGH transition of the clock. A 
pop decrements the stack pointer which is the equivalent of remov- 
ing the old information from the top of the stack. 

The 1DT39C10S are designed so that the stack pointer linkage 
allows any sequence of pushes, pops or stack references to be 
used. The depth of the stack c an gro w to a full 33 locations. After a 
depth of 33 is reached, the FULL output goes LOW. If further 
PUSHes are attempted when the stack is full, the stack information 
at the top of the stack will be destroyed but the stack pointer will not 
end around. It is necessary to initialize the stack pointer when 
power is first turned on. This is performed by executing a RESET 
instruction (Instruction 0). This sets the stack pointer to the stack 
empty position —the equivalent depth of zero. Similary, a pop from 


an empty stack may place unknown data on the Y outputs, but the 
stack pointer is designed not to end around. Thus, the stack pointer 
will remain at the 0 or stack empty location if a pop is executed 
while the stack is already empty. 

The IDT39C10S’ internal 12-bit register/counter is used during 
microinstructions eight, nine and fifteen. During these instructions, 
the 12-bit counter acts as a down counter and the terminal count 
(count = 0) is used by the internal instruction PLA as an input to 
control the microinstruction branch test capability. The design of 
the internal counter is such that, if it is preloaded with a number N 
and then this counter is used in a microprogram loop, the actual 
sequence intheloopwillbeexecutedN + 1 times. Thus, it is possi- 
ble to load the counter with a count of 0 and this will result in the 
microcode being executed one time. The 3-way branch microin- 
struction, Instruction 15, uses both the loop counter and the exter- 
nal condition code input to control the final source address from 
the Y outputs of the microprogram sequencer. This 3-way branch 
may result in the next address coming from the D inputs, the stack 
or the microprogram counter. 

The I DT39C1 Os provide a 1 2-bit address at the Y outputs that are 
under control of the OE input. Thus, the outputs can be put in the 
three-state mode, allowing the writable control store to be loaded 
or certain types of external diagnostics to be executed. 

In summary, the IDT39C10s are the most powerful micropro- 
gram sequencers currently available. They provide the deepest 
stack, the highest performance and the lowest power dissipation 
for today’s microprogrammed machine design. 

IDT39C10 OPERATION 

The IDT39C10s are CMOS pin-compatible implementations of 
the Am2910 & 2910A microprogram sequencers. The IDT39C10’s 
microprogram is functionally identical except that it provides a 
33-deep stack to give the microprogrammer more capability in 
terms of microprogram subroutines and microprogram loops. The 
definition of each microprogram instruction is shown in the table of 
instructions. This table shows the results of each instruction in 
terms of controlling the multiplexer, which determines the Y out- 
puts, and in controlling the signals that can be u sed to enable vari- 
ous branch address sources (PL, MAP, VECT). The operation of 
the register/counter and the 33-deep stack after the next LOW-to- 
HIGH transition of the clock are also shown. The internal multi- 
plexer is used to select which of the internal sources is used to drive 
the Y outputs. The actual value loaded into the microprogram 
counter is either identical to the Y output or the Y output value is 
incremented by 1 and placed in the microprogram counter. This 
function is under the control of the carry input. For each of t he mi - 
croins truction inputs only one of the three outputs (PL, MAP, 
VECT) will be LOW. Note that this function is not determined by 
any of the possible condition code inputs. These outputs can be 
used to control the three-state selection of one of the sources for 
the microprogram bran ches. 

Two inputs, CO and CCEN, can be used to control the condi- 
tional instr uctio ns. These are fully defined in the table of instruc- 
tions. The RLD input can be used to load the internal register/ 
counter at any time. When this input is LOW, the data at the D inputs 
will be loaded into this regi ster/c ounter on the LOW-to-HIGH transi- 
tion of the clock. Thus, the RLD input overrides the internal hold or 
decrement operations specified by the various microinstructions. 
The OE input is normally LOW and is used as the three-state en- 
able for the Y outputs. The internal stack in the IDT39C10S is a last- 
in/first-out memory that is 12-bits in width and 33 words deep. It has 
a stack pointer that addresses the stack and always points to the 
value currently on the top of the stack. When instruction 0 (RESET) 
is executed, the stack pointer is initialized to the top of the stack 
which is, by definition, the stack empty condition. Thus, the con- 
tents of the top of the stack are undefined until the forced PUSH 
occurs. A pop performed while the stack is empty will not change 
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the stack pointer in any way; however, it will result in unknown data 
at the Y outputs. 

By definition, the stack is full any time 33 more pushes than pops 
have occurred since the stack was last empty. When this happens, 
the Full Flag will go LOW. This signal first goes LOW on the 
microcycle after the 33 pushes occur. When this signal is LOW, no 
additional pushes should be attempted or the information on the 
top of the stack will be lost. 

THE IDT39C10 INSTRUCTION SET 

This data sheet contains a block diagram of the 1DT39C1Q 
microprogram sequencers. As can be seen, the devices are con- 
trolled by a 4-bit microinstruction word (h- !o). Normally, this word 
is supplied from one 4-bitfield of the microinstruction word associ- 
ated with the entire state machine system. These four bits provide 
for the selection of one of the sixteen powerful instructions associ- 
ated with selecting the address of the next microinstruction. Un- 
used Y outputs can be left open; however, the corresponding most 
significant D inputs should be tied to ground for smaller micro- 
words. This is necessary to make sure the internal operation of the 
counter is proper should less than 4K of microcode be imple- 
mented. As shown in the block diagram, the internal instruc tion 
PLA uses the four instruction inputs as well as the CC, CCEN and 
the internal counter = 0 line for controlling the sequencer. This in- 
ternal instruction PLA provides all of the necessary internal control 
signals to control each particular part of the microprogram sequen- 
cer. The next address at the Y outputs of the IDT39C10s can be 
from one of four sources. These include the internal microprogram 
counter, the last-in/first-out stack, the register/counter and the 
direct inputs. 

The following paragraphs will describe each instruction associ- 
ated with the I DT39C1 Os. As a part of the discussion, an example of 
each instruction is shown in Figure 1 . The purpose of the examples 
is to show microprogram flow. Thus, in each example the mi- 
croinstruction currently being executed has a circle around it. That 
is, this microinstruction is assumed to be the contents of the pipe- 
line register at the output of the microprogram memory. In these 
drawings, each of the dots refers to the ti me that the contents of the 
microprogram memory word would be in the pipeline register and 
is currently being executed. 

INSTRUCTION 0- 
JUMP 0 (JZ) 

This instruction is used at power up time or at any restart se- 
quence when the need is to reset the stack pointer and jump to the 
very first address in microprogram memory. The Jump 0 instruc- 
tion does not change the contents of the register/counter. 

INSTRUCTION 1 - 

CONDITIONAL JUMP TO SUBROUTINE (CJS) 

The Conditional Jump to Subroutine instruction is the one used 
to call microprogram subroutines. The subroutine address will be 
contained in the pipeline register and presented at the D inputs. If 
the condition code test is passed, a branch is taken to the subrou- 
tine. Referring to the flow diagram for the IDT39C10S shown in Fig- 
ure 1, we see that the content of the microprogram counter is 68. 
This value is pushed onto the stack and the top of stack pointer is 
incremented. If the test is failed, this Conditional Jump to Subrou- 
tine instruction behaves as a simple continue. That is, the content 
of microinstruction address 68 is executed next. 

INSTRUCTION 2- 
JUMP MAP (JMAP) 

This sequencer instruction can be used to start different 
microprogram routines based on the machine instruction opcode. 
This is typically accomplished by using a mapping PROM as an 


input to the D inputs on the microprogram sequencer. The JMAP 
instruction branches to the address appearing on the D inputs. In 
the flow diagram shown in Figure 1 , we see that the branch actually 
will be to the contents of microinstruction 85 and this instruction 
will be executed next. 

INSTRUCTION 3- 

COND1TIONAL JUMP PIPELINE (CJP) 

The simplest branching control available in the IDT39C10 
microprogram sequencers is that of conditional jump to address. 
In this instruction, the jump address is usually contained in the mi- 
croinstruction pipeline register and presented to the D inputs. If the 
test is passed, the jump is taken while, if the test fails, this instruc- 
tion executes as a simple continue. In the example shown in the 
flow diagram of Figure 1 , we see that if the test is passed, the next 
microinstruction to be executed is the content of address 25. If the 
test is failed, the microcode simply continues to the contents of the 
next instruction. 

INSTRUCTION 4- 

PUSH/CONDITIONAL LOAD COUNTER (PUSH) 

With this instruction, the counter can be conditionally loaded 
during the same instruction that pushes the current value of the 
microprogram counter on to the stack. Under any condition inde- 
pendent of the conditional testing, the microprogram counter is 
pushed on to the stack. If the conditional test is passed, the counter 
will be loaded with the value on the D inputs to the sequencer. If the 
test fails, the contents of the counter will not change. The PUSH/ 
Conditional Load Counter instruction is used in conjunction with 
the loop instruction (Instruction 13), the repeat file based on the 
counter instruction (Instruction 9) or the 3-way branch instruction 
(Instruction 15). 

INSTRUCTION 5- 

CONDITIONAL JUMP TO SUBROUTINE 
R/PL (JSRP) 

Subroutines may be called by a Conditional Jump Subroutine 
from the internal register or from the external pipeline register. In 
this instruction the contents of the microprogram counter are 
pushed on the stack and the branch address for the subroutine call 
will be taken from either the internal register/counter or the external 
pipeline register presented to the D inputs. If the conditional testis 
passed, the subroutine address will be taken from the pipeline reg- 
ister. If the conditional test fails, the branch address is taken from 
the internal register/counter. An example of this is shown in the flow 
diagram of Figure 1. 

INSTRUCTION 6- 

COND1TIONAL JUMP VECTOR (CJV) 

The Conditional Jump Vector instruction is similar to the Jump 
Map instruction in that it allows a branch operation to a microin- 
struction as defined from some external source, except that it is 
conditional. The Jump Map instruction is unconditional. If the con- 
ditional test is passed, the branch is taken to the new address on 
the D inputs. If the conditional test is failed, no branch is taken but 
rather the microcode simply continues to the next s equen tial mi- 
croinstruction. When this instruction is executed, the VECT output 
is LOW unconditionally. Thus, an external 12-bit field can be en- 
abled on to the D inputs of the microprogram sequencer. 

INSTRUCTION 7- 
CONDITIONAL JUMP R/PL (JRP) 

The Conditional Jump register/counter or external pipeline reg- 
ister always causes a branch in microcode. This jump will be to one 
of two different locations in the microcode address space. If the test 
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is passed, the jump will be to the address presented on the D inputs 
to the microprogram sequencer. If the conditional test fails, the 
branch will be to the address contained in the internal register/ 
counter. 

INSTRUCTION 8- 

REPEAT LOOP COUNTER NOT EQUAL TO 0 
(RFCT) 

This instruction utilizes the loop counter and the stack to imple- 
ment microprogrammed loops. The start address for the loop 
would be initialized by using the PUSH/Conditional Load Counter 
instruction. Then, when the repeat loop instruction is executed, if 
the counter is not equal to 0, the next microword address will be 
taken from the stack. This will cause a loop to be executed as 
shown in the Figure 1 flow diagram. Each time the microcode se- 
quence goes around the loop, the counter is decremented. When 
the counter reaches 0, the stack will be popped and the microin- 
struction address will be taken from the microprogram counter. 
This instruction performs a timed wait or allows a single sequence 
to be executed the desired number of times. Remember, the actual 
number of loops performed is equal to the value in the counter plus 
1 . 

INSTRUCTION 9- 

REPEAT PIPELINE COUNTER NOT EQUAL TO 0 
(RPCT) 

This instruction is another technique for implementing a loop 
using the counter. Here, the branch address for the loop is con- 
tained in the pipeline register. This instruction does not use the 
stack in any way as a part of its implementation. As long as the 
counter is not equal to 0, the next microword address will be taken 
from the D inputs of the microprogram sequencer. When the 
counter reaches 0, the internal multiplexer will select the address 
source from the microprogram counter, thus causing the 
microcode to continue on and leave the loop. 

INSTRUCTION 10- 
CONDITIONAL RETURN (CRTN) 

The Conditional Return instruction is used for terminating sub- 
routines. The fact that it is conditional allows the subroutine either 
to be ended or to continue. If the conditional test is passed, the 
address of the next microinstruction will be taken from the stack 
and it will be popped. If the conditional test fails, the next microin- 
struction address will come from the internal microprogram 
counter. This is depicted in the flow diagram of Figure 1 . It is impor- 
tant to remember that every subroutine call must somewhere be 
followed by a return from subroutine call in order to have an equal 
number of pushes and pops on the stack. 

INSTRUCTION 11- 

CONDITIONAL JUMP PIPELINE AND POP (CJPP) 

The Conditional Jump Pipeline and Pop instruction is a tech- 
nique for exiting a loop from within the middle of the loop. This is 
depicted fully in the flow diagram for the IDT39C10s as shown in 
Figure 1. The conditional test input for this instruction results in a 
branch being taken if the test is passed. The address selected will 
be that on the D inputs to the microprogram sequencer and, since 
the loop is being terminated, the stack will be popped. Should the 
test be failed on the conditional test inputs, the microprogram will 
simply continue to the next address as taken from the 
microprogram counter. The stack wili not be affected if the condi- 
tional test input is failed. 


INSTRUCTION 12- 

LOAD COUNTER AND CONTINUE (LDCT) 

The Load Counter and Continue instruction is used to place a 
value on the D inputs in the register/counter and continue to the 
next microinstruction. 

INSTRUCTION 13- 
TEST END OF LOOP (LOOP) 

The Test End of Loop instruction is used as a last instruction in a 
loop associated with the stack. During this instruction, if the condi- 
tional test input is failed, the loop branch address will be that on the 
stack. Since we may go around the loop a number of times, the 
stack is not popped. If the conditional test input is passed, then the 
loop is terminated and the stack is popped. Notice that the loop in- 
struction requires a PUSH to be performed at the instruction imme- 
diately prior to the loop return address. This is necessary so as to 
have the correct address on the stack before the loop operation. It 
is for this reason that the stack pointer always points to the last thing 
written on the stack. 

INSTRUCTION 14- 
CONTINUE (CONT) 

Continue is a simple instruction where the address for the mi- 
croinstruction is taken from the microprogram counter. This in- 
struction simply causes sequential program flow to the next mi- 
croinstruction in microcode memory. 

INSTRUCTION 15- 
THREE WAY BRANCH (TWB) 

The Three-Way Branch instruction is used for looping while 
waiting for a conditional event to come true. If the event does not 
come true after some number of microinstructions, then a branch is 
taken to another microprogram sequence. This is depicted in Fig- 
ure 1 showing the IDT39C10’s flow diagram and is also described 
in full detail in the IDT39C10’s instruction operational summary. 
Operation of the instruction is such that any time the external con- 
ditional test input is passed, the next microinstruction will be that 
associated with the program counter and the loop will be left. The 
stack is also popped. Thus, the external test input overrides the 
other possibilities. Should the external conditional test input not be 
true, the rest of the operation is controlled by the internal counter. If 
the counter is not equal to 0, the loop is taken by selecting the ad- 
dress on the top of the stack as the address out of the Y outputs of 
the IDT39C10s. In addition, the counter is decremented. Should 
the external conditional test input be failed and the counter also 
have counted to 0, this instruction “times out”. The result is that the 
stack is popped and a branch is taken to the address presented to 
the D inputs of the IDT39C10 microprogram sequencers. This ad- 
dress is usually provided by the external pipeline register. 

CONDITIONAL TEST 

Throughout this discussion we have talked about microcode 
passing the conditional test. There are actually two in puts ass oci- 
ated with the condi tional t est input. These include the CCEN and 
the CC i nputs. T he CCEN input is a condition code enable. When- 
ever the CCEN input is HIGH, the CC input is ignored and the de- 
vice operates as though the CC input were tru e (LOW ). Thus, a fail 
of the external test condition can be defined as CCEN equals LOW 
and CC equals HIGH. A pass condition is defined as a CCEN equal 
to HIGH or a CC equal to LOW. It is important to recognize the full 
function of the condition code enable and the condition code in- 
puts in order to understand when the test is passed or failed. 




IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C10 INSTRUCTION OPERATIONAL SUMMARY 



MNEMONIC 

cc 

COUNTER 

STACK 

ADDRESS 

REGISTER/ 

ENABLE 

I 3 - lo 

TEST 

SOURCE 

COUNTER 

SELECT 

0 

JZ 

X 

X 

CLEAR 

0 

NC 

PL 

1 

CJS 

PASS 

X 

PUSH 

D 

NC 

PL 

FAIL 

X 

NC 

PC 

NC 

PE 

2 

JMAP 

X 

X 

NC 

D 

NC 

MAP 


CJP 

PASS 

X 

NC 

D 

NC 

PE 

3 

FAIL 

X 

NC 

PC 

NC 

PL 

4 

PUSH 

PASS 

X 

PUSH 

PC 

LOAD 

PL 


FAIL 

X 

PUSH 

PC 

NC 

PE 

5 

JSRP 

PASS 

X 

PUSH 

D 

NC 

PL 


FAIL 

X 

PUSH 

R 

NC 

PL 


CJV 

PASS 

X 

NC 

D 

NC 

WC T 

6 

FAIL 

X 

NC 

PC 

NC 

VECT 


JRP 

PASS 

X 

NC 

D 

NC 

PE 


FAIL 

X 

NC 

R 

NC 

PL 

8 

RFCT 

X 

= 0 

POP 

PC 

NC 

PL 

X 

NOT = 0 

NC 

STACK 

DEC 

PE 

g 

RPCT 

X 

= 0 

NC 

PC 

NC 

PL 


X 

NOT = 0 

NC 

D 

DEC 

PL 

10 

CRTN 

PASS 

X 

POP 

STACK 

NC 

PL 

FAIL 

X 

NC 

PC 

NC 

PL 

11 

CJPP 

PASS 

FAIL 

X 

X 

POP 

NC 

D 

PC 

NC 

NC 

PE 

PL 

12 

LDCT 

X 

X 

NC 

PC 

LOAD 

PL 

13 

LOOP 

PASS 

X 

POP 

PC 

NC 

PE 

FAIL 

X 

NC 

STACK 

NC 

PL 

14 

CONT 

X 

X 

NC 

PC 

NC 

PE 



PASS 

= 0 

POP 

PC 

NC 

PL 

15 

TWB 

PASS 

NOT = 0 

POP 

PC 

DEC 

PL 

FAIL 

= 0 

POP 

D 

NC 

PE 



FAIL 

NOT = 0 

NC 

STACK 

DEC 

PL 


NC = No Change; DEC = Decrement 
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IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER 


FIGURE 1. IDT39C10B FLOW DIAGRAMS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


11 Cond Jump PL & POP (CJPP) 

. STACK 
Jei) (PUSH) 


*-t40 

— ^30f41 
>20f31f42 
>21 1 32 
>22 







15 Three-Way Branch (TWB) 


REGISTER/ 
11 / COUNTER 
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IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C10 INSTRUCTIONS 


H 

MNEMONIC 

NAME 

REG/ 

CNTR 

CON- 

TENTS 

FAIL 

CCEN = LOW and CC = HIGH 

PASS 

CCEN = HIGH or CC = LOW 

REG / 
CNTR 

ENABLE 

Y 

STACK 

Y 

STACK 

0 

JZ 

Jump Zero 

X 

0 

CLEAR 

0 

CLEAR 


PL 

1 

CJS 

Cond JSB PL 

X 

PC 

HOLD 

D 

PUSH 


PL 

2 

JMAP 

Jump Map 

X 

D 

HOLD 

D 

HOLD 


MAP 

3 

CJP 

Cond Jump PL 

X 

PC 

HOLD 

D 

HOLD 


PL 

4 

PUSH 

PUSH/Cond Ld Cntr 

X 

PC 

PUSH 

PC 

PUSH 


PL 

5 

JSRP 

Cond JSB R/PL 

X 

R 

PUSH 

D 

PUSH 


PL 

6 

CJV 

Cond Jump Vector 

X 

PC 

HOLD 

D 

HOLD 

mm 

VECT 

7 

JRP 

Cond Jump R/PL 

X 

R 

HOLD 

F 

HOLD 

DEC 

PL 

8 

RFCT 

Repeat Loop, CNTR 4 0 

* o 

F 

HOLD 

F 

HOLD 

DEC 

PL 

= 0 

PC 

POP 

PC 

POP 

HOLD 

PL 

9 

RPCT 

Repeat PL. CNTR 4 0 

4 0 

D 

HOLD 

D 

HOLD 

DEC 

PL 

= 0 

PC 

HOLD 

PC 

HOLD 

HOLD 

PL 

10 

CRTN 

Cond RTN 

X 

PC 

HOLD 

F 

POP 

HOLD 

PL 

11 

CJPP 

Cond Jump PL & POP 

X 

PC 

HOLD 

D 

POP 

Irani 

PL 

mm 

LDCT 

LD Contr & Continue 

X 

PC 

HOLD 

PC 

HOLD 


PL 

13 

LOOP 

Test End Loop 

X 

F 

HOLD 

PC 

POP 

Q| 

PL 

14 

CONT 

Continue 

X 

PC 

HOLD 

PC 

HOLD 


PL 

15 

TWB 

Three-Way Branch 

4 0 

F 

HOLD 

PC 

POP 

DEC 

PL 

= 0 

D 

POP 

PC 

POP 

HOLD 

PL 


CAPACITANCE (T a = +25°c,f = i.OMHz) 


NOTE: 

1 . This parameter is sampled and not 1 00% tested. 


INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied . Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 


5 

PF 

Cqut 

Output Capacitance 

Vout= 0V 

7 

PF 


1. If CCEN = LOW and CC = HIGH, hold; else load. X = Don't Care 


ABSOLUTE MAXIMUM RATINGS {1) 



RATING 

COMMERCIAL 

MILITARY 

ITTTTT1 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to + 7.0 

D 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pi 

Power Dissipation 

1.0 

1.0 

w 

blTT 

DC Output Current 

30 

30 

mA 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
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IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER MILITARY AND COMMERCIAL TEMPERATURE RANGES 

DC ELECTRICAL CHARACTERISTICS 

T a = 0°C to +70°C Vcc = 5.0V ± 5% (Commercial) 

T a = -55 °C to +125°C Vcc = 5.0V ±10% (Military) 

V LC = 0.2V 
Vhc = Vcc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS <’> 

MIN. 

typ.< 2 > 

MAX. 

UNIT 


Input HIGH Level 

Guaranteed Logic High Level * 4 > 

2.0 

- 

- 

V 

V|L 

Input LOW Level 

Guaranteed Logic Low Level* 4 ) 

- 

- 

0.8 

V 

l|H 

Input High Current 

Vcc = Max., V| N = Vqq 

- 

0.1 

5 

)lA 

l|L 

Input LOW Current 

Vcc = Max., V iN = GND 

- 

-0.1 

-5 

)±A 


Output HIGH Voltage 

Vcc = Min. 

Mn = or Y l 

Iqh — -300 jlA 

Vhc 

Vcc 

- 

D 

Ioh = -12mA MIL. 

2.4 

mm 

- 

I 0H = -15mA COM’L. 

2.4 

■9 

- 


Output LOW Voltage 

V cc = Min. 

Vin = Yh orYi. 

Iql = 300|xA 

- 

GND 

Vlc 

■ 

l 0L = 20mA MIL. 

- 

0.3 

0.5 


- 

0.3 

0.5 

bz 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

v 0 = 0V 

-• 

-0.1 

-10 

pA 


- 

0.1 

10 

bs 

Output Short Circuit Current 

V cc = Min., V 0UT = 0V *3) 

-30 

- 

- 

mA 

'CCQH 

Quiescent Power Supply Current 
CP = H 

i i 


35 

50 

mA 

'CCOL 

Quiescent Power Supply Current 
CP = L 

Vqc = Max. 

V HC < V|H.V| L < V LC 

f CP = 0, CP = L 

■ 

35 

50 

mA 

*CCT 

Quiescent Input Power Supply* 5 ) 
Current (per Input @ TTL High) 

Vcc = Max. V| H = 3.4V, f CP = 0 


0.3 

0.5 

mA/ 

Input 

*CCD 

Dynamic Power Supply Current 

Ycc = Max. 

Vhc < Yh , V, L < V LC 

Outputs Open, OE = L 

MIL. 

- 

1.0 

3.0 

mA/ 

MHz 

COM'L. 

- 

1.0 

1.5 

ice 

Total Power Supply Current (6) 

V C c = Max., f C p = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V HC <V, h .Yl< V lc 

MIL. 

- 

45 

80 

mA 

COM'L. 

- 

45 

65 

Vcc = Max., fcp = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V, V| L = 0.4V 

MIL. 

- 

50 

90 

COM'L. 

- 

50 

75 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics. 

2. Typical values are at ^ = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 

5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

•cc = Iccqh(C^) + *ccql (1 - CDk) + Icct (N t xD h ) + 

I CCD (*Cp) 

CDh = Clock duty cycle high period 

D h = Data duty cycle TTL high period (V tN = 3.4V) 

N j = Number of dynamic inputs driven at TTL levels 
f CP = Clock Input frequency 


8-71 































































































IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CMOS TESTING CONSIDERATIONS 

There are certain testing considerations which must be taken 
into account when testing high-speed CMOS devices in an auto- 
matic environment. These are: 

1) Proper decoupling at the test head is necessary. Placement of 
the capacitor set and the value of capacitors used is critical in 
reducing the potential erroneous failures resulting from large 
Vcc current changes. Capacitor lead length must be short and 
as close to the DUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
improper device operation and possible latchup. 


IDT39C10C AC ELECTRICAL CHARACTERISTICS 

I. SET-UP AND HOLD TIMES 


INPUTS 

t(s) 

t(h) 

UNIT 

COM’L. 

MIL. 

COM’L 

MIL. 

199 

6 

7 

0 

0 

ns 

Di ->■ PC 

13 

15 

0 

0 

ns 

> 0-3 

23 

25 

0 

0 

ns 

CC 

15 

18 

0 

0 

ns 

CCEN 

15 

18 

0 

0 

ns 

Cl 

6 

7 

0 

0 

ns 

RLD 

11 

12 

0 

0 

ns 


II. COMBINATIONAL DELAYS 


INPUTS 

Y 

PL, VECT, MAP 

FULL 

UNIT 


■/.II— 

i«w/.yw 

■/.II— 


ran 

D 0-11 

12 

mm 

- 

- 

- 

- 

ns 

IBUS 

20 

25 

13 

15 

- 

- 

ns 

CC 

16 


- 

- 

- 

- 

ns 

CCEN 

16 

20 

- 

- 

- 

- 

ns 

CP 

28 


- 

- 

22 

wm 

ns 

OE«> 

10/10 

13/13 

- 

- 

- 


ns 


NOTE: 

1 . Enable/Disable. Disable times measure to 0.5V change on output volt- 
age level with C L = 5pF. 


III. CLOCK REQUIREMENTS 



COM’L 

MIL 

UNIT 

Minimum clock LOW time 

18 

20 

ns 

Minimum clock HIGH time 

17 

20 

ns 

Minimum clock period 

35 

40 

ns 


3) Definition of input levels is very important. Since many inputs 
may change coincidentally, significant noise at the device pins 
may cause the Vil andV| H levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT rec- 
ommends using V] L < 0V and Vh> 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial 
decoupling between power and ground planes is required. The 
ground plane must be sustained from the performance board to 
the DUT interface board. All unused interconnect pins must be 
properly connected to the ground pin. Heavy gauge stranded 
wire should be used for power wiring and twisted pairs are rec- 
ommended to minimize inductance. 


IDT39C10B AC ELECTRICAL CHARACTERISTICS 

I. SET-UP AND HOLD TIMES 


INPUTS 

t(s) 

t(h) 

UNIT 

COM’L 

MIL 

COM’L 

MIL 

D, -*• R 

16 

16 

0 

0 

ns 

Di -f PC 

30 

30 

0 

0 

ns 

lo-s 

35 

38 

0 

0 

ns 

CC 

24 

35 

0 

0 

ns 

CCEN 

24 

35 

0 

0 

ns 

Cl 

18 

18 

0 

0 

ns 

RLD 

19 

20 

0 

0 

ns 


II. COMBINATIONAL DELAYS 


INPUTS 

Y 

PL, VECT, MAP 

FULL 

UNIT 


■/.ml 

I&J/.MW 

ran 


ran 

Do-ii 

20 

m i 

- 

- 

- 

- 

ns 

ISMS 

35 

40 

30 

35 

- 

- 

ns 

CC 

30 


- 

- 

- 

- 

ns 

CCEN 

30 

36 

- 

- 

- 

- 

ns 

CP 

40 

mm 

- 

- 

31 


ns 

OEh> 

25/27 

mg 

- 

- 

- 


ns 


NOTE: 

1 . Enable/Disable. Disable times measure to 0.5V change on output volt- 
age level with C L = 5pF. 


III. CLOCK REQUIREMENTS 



COM’L 

MIL 

UNIT 

Minimum clock LOW time 

20 

25 

ns 

Minimum clock HIGH time 

20 

25 

ns 

Minimum clock period 

50 

51 

ns 
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IDT39C10B/C 12-BIT CMOS MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 3 


INPUTS 


IDT39C10B INPUT/OUTPUT 
INTERFACE CIRCUIT 



Figure 1. Input Structure 


Vcc 



TEST LOAD CIRCUIT 



TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to Z 0 ut of the 
Pulse Generator 



ORDERING INFORMATION 


x x 

Package Process/ 

Temperature 

Range 

I I Blank Commercial (0°Cto+70°C) 


] B Military (-55°Cto +125°C) 

j Compliant to MIL-STD-883, Class B 

P Plastic DIP 

C Sidebraze DIP 

- D CERDIP 

J PLCC 

L LCC 

I B Fast 12-Bit Microprogram Sequencer 

] C Ultra-fast 12-Bit Microprogram Sequencer 


IDT 


39C10 


X 


Device Type Speed 
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MICROSLICE™ PRODUCT 


FEATURES: 

• Fast 

— IDT39C203 matches 29203 speeds 

— IDT39C203A 20% speed upgrade 

• Low-power CMOS 

— Military: 55mA (max.) 

— Commercial: 50mA (max.) 

• Pin-compatible, performance-enhanced functional 
replacement for the 29203 

• Cascadable to 8, 12, 16, etc. bits 

• Infinitely expandable register file 

• Improved I/O capability 

— DA, DB and Y ports are bidirectional 

• Performs BCD arithmetic 

— Features automatic BCD add, subtract and conversion 
between binary and BCD 

• On-chip parity generation and sign extension logic 

• On-chip normalization logic 

• On-chip multiplication division logic 

• Packaged in 48-pin plastic and sidebraze DIP, 52-pin LCC 

• Military product available compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT39C203s are four-bit expandable, high-performance 
CMOS microprocessor slices. Along with the standard features as- 
sociated with the IDT39C01S and IDT39C03S, the IDT 39C203S 
also incorporate additional enhancements for arithmetic-oriented 
processors. 

These extremely low-power yet high-speed three-port three-ad- 
dress architectured microprocessors consist of a 16-word by 4-bit 
dual-port RAM with latches on both outputs, high-performance 
ALU and shifter, a flexible Q register with shifter input, and nine-bit 
instruction decoder. Additionally, special instructions which allow 
the easy implementation of multiplication, division, normalization, 
BCD arithmetic and conversion are standard on the IDT39C203s. 
Both devices are easily expandable in 4-bit increments. 

They are pin-compatible, functional replacements for all ver- 
sions of the 29203. The fastest version, the IDT 39C203A, is a 20% 
speed upgrade from the normal 29203 device. The IDT39C203 
meets the 29203 speeds. 

The IDT39C203s are fabricated using CEMOS ™ , CMOS tech- 
nology designed for high-performance and high-reliability. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTION 


PIN NAME 

I/O 

DESCRIPTION 

Aq ~ A 3 

1 

Four address inputs to the RAM containing the address of the RAM word appearing at output port A. 

of 

1 

0 

CO 

■ 

Four address inputs to the RAM which selects one of the words in the RAM, the contents of which is displayed through 
the B port. It also selects the location into which new data can be written when the WE input and CP input are low. 

DA 0-3 

I/O 

Four-bit bidirectional data pins for entering external data into the ALU. The DA lines act as either RAM port A output data 
or as input operand R to the ALU. 

DBo-3 

I/O 

Four-bit bidirectional data pins for entering external data into the ALU. The DB lines act as either RAM port B output 
data or as input operand S to the ALU. 

WE 

H 

The RAM write enable input which, when LOW, causes the Y I/O port data to be written into the RAM when the CP input 
is low. When WE is HIGH, writing data into the RAM is inhibited. 

EA 

H 

Enable input which, when HIGH, selects DA 0 _ 3 as the ALU R operand and, when LOW, selects RAM output A as the ALU R 
operand and the DA 0 _ 3 output data. 

OEb 

■ 

Output enable, which, when HIGH selects DB 0 -3 as the ALU S operand, and, when LOW, selects RAM output B as the 

ALU S operand and the DB 0 _ 3 output data. 

SIO 0 , - SI0 3 

I/O 

Bidirectional serial shift inputs/outputs for the ALU shifter. SIO 0 is an input SI0 3 an output during a shift-up operation. 

SI0 3 is an input and SIO 0 an output during a shift-down operation. Refer to Tables 3 and 4 for an exact definition of 
of these pins. 

QIO 0 - QIO 3 

I/O 

Bidirectional serial shift inputs/outputs for the ALU shifter. They operate like the SIO 0 and SI0 3 pins. Refer to Tables 3 
and 4 for an exact definition of these pins. 

Cn 

1 

Carry-in input to the ALU. 

Ten 

■ 

. Instruction enable input. When LOW, it enables writing into the Q register and the Sign Compare flip-flop and RAM. 

When HIGH, the Q register and the Sign Compare flip-flop are in hold mode. On the IDT39C203, EIN does not affect WRITE 
but internally disables the RAM write enable. 

LSS 


Input pin, when held LOW. causes the chip to act as the Least Significant Slice (LSS) of an IDT39C203 array and enables 
the WRITE output onto the WRITE/MSS pin. When LSS is held HIGH, the chip acts as either an Intermediate or Most 
Significant Slice (MSS) and the WRITE output buffer is disabled. 

WRITE/MSS 

I/O 

The write output signal appears at this pin when LSS is held LOW. When an instruction which causes data to be written into the 
RAM is being executed, the WRITE signal is LOW. When LSS is HIGH, WRITE/MSS is an input pin; holding it HIGH programs 
the chip to operate as an Intermediate Slice (IS) and holding it LOW programs the chip to operate as the Most Significant 
Slice (MSS). 

^n+4 

0 

This output indicates the carry-out of the ALU. Refer to Table 5 for an exact definition of this pin. 

z 

I/O 

An open collector input/out pin. When HIGH, it indicates that all outputs are LOW. Z is used as an input pin for some special 
functions. Refer to Table 5 for an exact definition of this pin. 

G/N 

H 

G indicates the carry generate function at the Least Significant and Intermediate slices and indicates the sign (N) of the 

ALU result at the Most Significant Slice. Refer to Table 5 for an exact definition of this pin. 

OE^ 


A control input pin. When LOW the ALU shifter output data is enabled onto the Y 0 _ 3 lines. When HIGH the \q_ 3 three-state 
output buffers are disabled. 

CP 

H 

Clock input to the IDT39C203. The Sign Compare flip-flop and the Q register are clocked on the LOW-to-HIGH transition 
of the CP signal. When enabled by WE and CP is LOW, data is written in the RAM. 

|y-g|j 

1 

P indicates the carry propagate function at the Least Significant and Intermediate slices and indicates the conventional two’s 
complement overflow (OVR) signal at the Most Significant Slice. Refer to Table 5 for an exact definition of this pin. 

Y 0-3 

I/O 

Four data inputs/outputs of the IDT39C203. Controlled by the OE Y input, the ALU shifter output data can be enabled onto 
these lines or external data is written directly into the RAM using these lines as data inputs. 

•o-8 

1 

The nine instruction inputs used to select the IDT39C203 operation to be performed. 

















































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEVICE ARCHITECTURE 

The IDT39C203 is a CMOS high-performance 4-bit micropro- 
cessor slice cascadable to any number of bits (8, 12, 16, etc.). Its 
versatile microinstructions allow emulation of virtually any digital 
computer. The ALU sources, function and destination can be 
selected by the 9-bit microinstruction set. Key elements which 
make up this 4-bit microprocessor slice are: (1 ) the RAM file (a 1 6x4 
dual-port RAM) with latches on both outputs, (2) high-performance 
ALU with shifter, (3) a flexible Q register with shifter input and (4) a 
nine-bit instruction decoder. 

RAM FILE 

RAM data is read from the A port as controlled by the 4-bit A ad- 
dress field input. Simultaneously, data can be read from the B port 
as defined by the 4-bit B address field input. If the same address is 
applied at both the A input field and the B input field, identical data 
will appear at the two respective output ports. Data is written into 
the RAM when WE and IEN are both LOW and the clock CP is 
LOW. Both the RAM output data latches are transparent, while the 
clock pulse CP is HIGH and latches the data when CP is low. 

New data is written into the RAM word defined by the B address 
field. External data at the Y I/O port can be written directly into the 
RAM or ALU shifter output data can be enabled onto the Y I/O port 
and written into the RAM. The three-state output enable OEb allows 
RAM B port data to be read at the DB I/O port, while EA performs 
the same function for the A port data the DA I/O port. 

ALU 

The ALU can perform seven arithmetic and nine logic opera- 
tions on the two 4-bit input words S and R. Multiplexers at the ALU 
inputs allow selection of various pairs of ALU source operands. 
The EA input selects either external DA data or RAM A-port output 
data as the 4-bit R source operand. The OEb and lo inputs provide 
selection of either RAM B port output or external DB data or the 
Q register output as the 4-bit S source operand. Also, during 
certain ALU operations, zeros are forced at the ALU operand 
inputs. Thus, the ALU can operate on data from two external 
sources, from an external and an internal source or from two inter- 
nal sources. Table 1 shows all possible pairs of source operands 
as selected by EA, OEb and lo inputs. 


Table 1. ALU Operand Sources (1) 


EA 

■a 


ALU OPERAND R 

ALU OPERAND S 

L 

L 

L 

Ram Output A 

Ram Output B 

L 

L 

H 

Ram Output A 

DBq-3 

L 

H 

X 

Ram Output A 

Q Register 

H 

L 

L 

DA o_3 

Ram Output B 

H 

L 

H 

DA 0-3 

DB 0 _3 

H 

H 

X 

DAo-3 

Q Register 


Note: 

1. L= LOW, H = HIGH,X = DON’T CARE 


The ALU performs special functions when instruction bits 13 , 12 , 
I, and l 0 are LOW. Table 4 defines these special functions and the 
operation which the ALU performs for each. When the ALU exe- 
cutes instructions other than the special functions, the operation is 
defined by instruction bits l 4 , l 3 , l 2 and li . Table 2 defines the 
operation as a function of these four instruction bits. 

The IDT 39 C203 may be cascaded in either a ripple carry or 
lookahead carry fashion. When configured as cascaded ALUs, the 
IDT39C203s must be programmed to be a Most Significant Slice 
(MSS) , an Intermediate Slice (IS) or a_Least Significant Slice (LSS) 
of the array. The carry generate (G) and carry propagate (P) 


signals that are necessary in a cascaded system are available as 
outputs on the IDT39C203 Least Significant and Intermediate 
slices. 

The IDT39C203 provides a carry-out signal (C n + 4 ) which is 
available as an output of each slice, the carry-in (C n ) and carry-out 
(Cn+4) are both active HIGH. Two other status outputs are gener- 
ated by the ALU. These are the negative (N) and the overflow 
(OVR). The N output indicates positive or negative results, while 
the OVR output indicates that the arithmetic operation performed 
exceededjhe available two’s complement range. Thus, the pins 
G/ N and P/OVR indicate carry generate or propagate on the Least 
Significant and Intermediate slices and sign and overflow on the 
Most Significant Slice. Refer to Table 5 for an exact definition of 
these four signals. 


Table 2. IDT39C203 ALU Functions^ 


U 

■a 

*2 

ii 

lo 

ALU FUNCTIONS 

L 

L 

L 

L 

L 

Special Functions 

L 

L 

L 

L 

H 

F| = HIGH 

L 

L 

L 

H 

X 

F = S-R-1 + C n 

L 

L 

H 

L 

X 

F= R-S-1 +C n 

L 

L 

H 

H 

X 

F — R + S-F C n 

L 

H 

L 

L 

X 

F = S+C„ 

L 

H 

L 

H 

X 

F = S+C n 

L 

H 

H 

L 

L 

Reserved Special Functions 

L 

H 

H 

L 

H 

F = R + Cn 

L 

H 

H 

H 

L 

Reserved Special Functions 

L 

H 

H 

H 

H 

F=R + C n 

L 

H 

H 

H 

L 

Special Functions 

H 

L 

L 

L 

H 

F, = LOW 

H 

L 

L 

H 

X 

F, = Ri AND S| 

H 

L 

H 

L 

X 

F| =Ri EXCLUSIVE NOR S, 

H 

L 

H 

H 

X 

F, =Ri EXCLUSIVE OR S, 

H 

H 

L 

L 

X 

F, =Ri AND S, 

H 

H 

L 

H 

X 

F, =Ri NORS, 

H 

H 

H 

L 

X 

F| = Ri NANDSi 

D 

D 

■a 

D 

D 

F, =Ri OR S, 


Note: 

1. L= LOW, H = HIGH, i = 0to3, X = DON’T CARE 


ALU SHIFTER 

The ALU shifter shifts the ALU output data under instruction 
control. It can shift up one bit position (2F), shift down one bit posi- 
tion (F/2) or pass the ALU output non-shifted (F). An arithmetic shift 
operation shifts the data around the Most Significant (sign) Bit of 
the Most Significant Slice and a logical shift operation shifts the 
data through the Most Significant Bit. Figure 1 shows these shift 
patterns. The SIO 0 and SI0 3 are bidirectional serial shift input/out- 
put pins. During a shift-up operation, SIO 0 is generally an input 
while SIO 3 is an output; whereas, during a shift-down operation, 
SIO 0 is generally an output while SI0 3 acts as an input. Refer to 
Tables 3 and 4 for an exact definition of these pins. 

The ALU shifter also provides sign extension and parity generat- 
ing/checking capabilities. Under instruction control, the SIO 0 
(sign) input can be extended through Y 0 , Y, , Y 2 , and Y 3 and be 
propagated to the SI0 3 output. A cascadable, five-bit parity 
generator/checker generates parity for the F 0 , Ft , F 2 and F 3 ALU 
outputs, the SIO 3 input and, under instruction control, is made 
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available at the SIO 0 output. Table 4 defines the special functions 
and the operation the ALU shifter performs for each instruct! on. For 
instructions other than the special functions, the ALU shifter 
operation is determined by instruction bits l 8 , 17 , la and I 5 . Table 3 
defines the ALU shifter operation as a function of these four bits. 


N 



1 1 



■SlOn 


ARITHMETIC SHIFT PATH-MSS 

I I I 


SIO, 


J L 


-►SIOq 


ARITHMETIC SHIFT PATH-LSS/IS 


SIO, 


J I L 


-►SlOn 


LOGICAL SHIFT PATH 
ALL SLICE POSITIONS 


Figure 1. 


Q REGISTER FILE 

The Q register is a separate 4-bit file intended primarily for multi- 
plication and division routines and can also be used as an accum- 
ulator or holding register for other types of applications. The ALU 
output (F) can be loaded into the Q register and/or the Q register 
can be selected as one of the ALU S operands. The shifter at the 
input to the Q register performs only logical shifts. It can shift-up the 
data one bit position (2Q) or down one bit position (Q/2). For a 
shift-up operation, QlOo acts as an input while QI0 3 acts as an out- 
put; whereas for a shift-down operation QIO 0 is an output and 
QIO3 is an input. By connecting QI0 3 of the Most Significant Slice 
toSJOo of the Least Significant Slice, double-length arithmetic and 
logical shifting is possible with cascaded IDT39C203s. 

Table 4 defines the special functions and the operations which 
the Q register and the shifter performs for selected instruction 
inputs. While executing instructions other than the special func- 
tions, the Q register and the shifter operation is controlled by 
instruction bits l 8 , 17 , 16 and l 5 . Table 3 defines the Q register and 
shifter operation as a function of these four bits. 


Table 3. ALU Destination Control for I O or 1 1 or I 2 or I 3 = HIGH, IEN = LOW (1) 


1 

I 

1 

1 

HEX 

CODE 

ALU 

SHIFTER 

FUNCTION 

SI0 3 

y 3 

Y 2 

H 

1 

SIO 0 


Q REG & 
SHIFTER 
FUNCTION 

qio 3 

QlOo 

MOST SIG. 
SLICE 

OTHER 

SLICES 

MOST SIG. 
SLICE 

OTHER 

SLICES 

MOST SIG. 
SLICE 

OTHER 

SLICES 

WRITE 

/M55 

D 

D 

D 

D 

0 

Arith F/2-+Y 

Input 

Input 

f 3 

Si0 3 

SI0 3 

f 3 

ES 

El 

Fo 

L 

Hold 

z 

z 

D 

8 

B 

B 

1 

Log. F/2— fY 

Input 

Input 

sio 3 

SI0 3 

F 3 

F3 

H 

B 

■a 

L 

Hold 

z 

z 

D 

fl 

D 

B 

2 

Arith. F/2— fY 

Input 

Input 

F 3 

SI0 3 

SI0 3 

aa 

B 

B 

a 

L 

Log. Q/2 
-f Q 

Input 

Oo 

D 

B 

fl 

B 

3 

Log. F/2— fY 

Input 

Input 

sio 3 

Sl0 3 

F 3 

F 3 

B 

B 

F o 

L 

Log. Q/2 
-f Q 

Input 

Qo 

D 

D 

D 

D 

4 

F— fY 

Input 

Input 

F 3 

F 3 

f 2 

F 2 

sa 

El 


L 

Hold 

Z 

z 

D 

B 

B 

B 

5 

F-fY 

Input 

Input 

mm 

■a 

f 2 

aa 

B 

B 

Parity 

H 

Log. Q/2 
-fQ 

Input 

0. 

D 

D 

D 

fl 

6 

F— fY 

Input 

Input 

F 3 

■a 

f 2 

■ 

BS 

B 

Parity 

H 

F-fQ 

Z 

z 

D 

D 

D 

D 

7 

F-fY 

Input 

Input 

f 3 

mm 

f 2 

■a 

D 

El 

Parity 

L 

F — ►Q 

Z 

z 

D 

D 

fl 

fl 

8 

Arith . 2F— fY 

f 2 

mm 

f 3 

mm 

Fi 

F, 

m 

ESI 

Input 

L 

Hold 

z 

z 

1 

H 

1! 

fl 

9 

Log. 2F— fY 

f 3 

m 

f 2 

m 

Fi 

m 

B 

m 

Input 

L 

Hold 

z 

z 

fl 

B 

fl 

B 

n 

Arith. F/2— fY 

f- 

D 

f 3 

aa 

Ft 

D 

B 



L 

Log. 2Q 
-fQ 

0 3 

Input 

fl 

D 

fl 

B 

B 

Log. F/2— fY 

mm 

■a 

f 2 

aa 

Fi 

F i 

B 

Q 

Input 

L 

Log. 2Q 
-fQ 

q 3 

Input 

B 

D 


D 

C 

F-fY 

F 3 

■ 

F 3 

F 3 

f 2 

f 2 



Z 

H 

Hold 

z 

Z 

D 

B 

B 

B 

D 

3B 

F 3 

■a 

f 3 

aa 

f 2 

aa 



Z 

H 

Log. 2Q 
— v Q 

0 3 

Input 

B 

B 

fl 

fl 

E 

SlOg — fYg. 

Y, .Y a .% 

SIO 0 

SIO 0 

sio 0 

SIO 0 

sio 0 

SlOo 

SR 


Input 

L 

Hold 

z 

Z 

fl 

B 

B 

B 

F 

F-fY 

f 3 

f 3 

F 3 

mm 

F 2 

f 2 


m 

Z 

L 

Hold 

z 

Z 


NOTE: 

1. Parity = F 2 ^F 1 / V'F 0 '7 > SIO 3 , L = LOW Z = High Impedance '7'= Exclusive OR, H = HIGH 
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INSTRUCTION DECODER 


SPECIAL FUNCTIONS 


The internal control signals necessary for the operation of the 
IDT39C203 are generated by the instruction decoder as a function 
of the n ine in struction inpu ts, lo-s; the in struction enable input, 
IEN; th e LSS i nput; and the MSS/WRITE input/output. 

The WRITE output is LOW when an instruction which writes data 
into t he RAM is executed. Refer to Tables 3 and 4 for a definition 
of the WRITE ou tput as a function of the instruction inputs. When 
IEN is HIGH, the WRITE output is forced HIGH and the Q register 
and Sign Compa re flip-flop contents are preserved. When IEN is 
LOW, the WRITE output is enabled and the Q register and Sign 
Compare flip-flop can be written according to the IDT39C203S 
instruction. The Sign Compare flip-flop shown in Figure 2 is an 
on-chip flip-flop which is used during a divide operation. 



SLICE POSITION PROGRAMMING 

Holding the L SS pin L OW programs the IDT3 9C203 slice (L SS) 
and enabl es th e WRITE outpu t signal onto the MSS/WRITE I/O 
pin. When LSS is tied HIGH, the MSS/WRITE pin becomes an input 
tying MSS/WRITE LOW programs the slice to operate as the Most 
Significant Slice (MSS); tyin g it HIGH caus es the slice to operate as 
an Intermediate Slice. The MSS/WRITE pin should be tied HIGH 
through a resistor, independent of the LSS pin. 


Sixteen special functions are provided on the IDT39C203 which 
permit the implementation of the following operations: 

• Single and double length normalization 

• Two’s complement division 

• Unsigned and two’s complement multiplication 

• Conversion between two’s complement and sign/magnitude 
representation 

• Incrementation and decrementation by one or two 

• BCD add, subtract, and divide by two 

• Single and double-precision BCD-to binary and binary-to-BCD 
conversion 

Adjusting a single-precision or double-precision floating-point 
number in order to bring its mantissa within a specified range can 
be performed using the single-length and double-length normali- 
zation operations. Three special functions can be used to perform 
a two’s complement, non-restoring divide operation. They provide 
single and double-precision divide operations and can be per- 
formed in “n” clock cycles (where “n” is the number of bits in the 
quotient). 

The unsigned multiply special function and the two two’s 
complement multiply special functions can be used to multiply two 
n-bit, unsigned or two’s complement numbers, respectively, in “n” 
clock cycles. During the last cycle of the two’s complement 
multiplication, a conditional subtraction, rather than addition, is 
performed due to the fact that the sign bit of the multiplier carries 
negative weight. 

The sign/magnitude two’s complement special function can be 
used to convert number representation systems. A number 
expressed in sign/magnitude representation can be converted to 
the two’s complement representation, and vice-versa, in one clock 
cycle. Incrementing an unsigned or two’s complement number by 
one or two is easily accomplished using the increment by one or 
two special functions. 

in addition to BCD arithmetic special functions to add or 
subtract two BCD numbers, a BCD divide by two adjust 
instructions can be used to obtain a valid BCD representation after 
shifting a number down by one bit. The BCD/binary conversion 
special function instructions permit single and double-precision 
algorithms to convert from BCD-to-binary and from binary-to-BCD. 
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Table 4. Special Functions p ’*> 


mm 

■ 

HEX 

SPECIAL 

ALU 

ALU SHIFTER 

SIO, 

III 

Q REGISTER 

M 






■ 

& SHIFTER 
FUNCTION 


QIO 0 

WRITE 

/MSS 


B 

I3 *2*1 *0 

FUNCTION 

FUNCTION 

FUNCTION 

MSS 

OTHER 

SLICES 

0 

L 

0 

Unsigned Multiply 

F = S + C n if 2 = L 

F = R + S + C n if Z = H 

Log F/2-4Y (1) 

X 

Input 

Fo 

Log Q/2 
-+Q 



L 

1 

L 

0 

BCD to Binary 

Conversion 

Note 4 

Log F/2-+Y 

Input 

Input 

Fo 

Log Q/2 
-4 Q 


m 

L 

1 

H 

0 

Multiprecision 

BCD to Binary 

Note 4 

Log F/2-+Y 

Input 

Input 

F 0 

Hold 

m 


L 

2 

L 

0 

Two's Complement 
Multiply 

F = S + C n if 2= L 

F = R + S + C n if Z = H 

Log F/2-4Y (2) 

X 

Input 

F 0 

Log Q/2 
-+Q 


m 

L 

3 

L 

0 

Decrement by 

One or Two 

F = S-2 + C n 

F-*Y 

Input 

Input 

Parity 

Hold 

D 

a 

L 

4 

L 

0 

Increment by 

One or Two 

F = S+1 + Cn 

F-Y 

Input 

Input 

Parity 

Hold 

m 

m 

L 

5 

L 

0 

Sign/Magnitude 

Two's Complement 

F = S + C n if Z = L 

F = S + C n if Z = H 

F— fY (3) 

Input 

Input 

Parity 

Hold 

m 


L 

6 

D 

0 

Two’s Complement 
Multiply. Last Cycle 

F = S + C n if Z = L 

F = S-R-1 + Cn if Z = H 

L F/2— 4Y< 2 > 

X 

Input 

F 0 

Log Q/2 
— ► Q 


m 

L 

7 

L 

0 

BCD Divide by Two 

Note 4 

F— >Y 

Input 

Input 

Parity 

Hold 

m 

D 

L 

8 

L 

0 

Single Length 

Normalize 

F=S+C n 

F— tY 

D 

D 

X 

Log 2Q 
— ► Q 

m 


L 

9 

L 

0 

Binary to BCD 

Conversion 

Note 5 

Log 2F— *Y 

B 

i 

Input 

Log 2Q 
— ► Q 

E 


L 

9 

H 

0 

Multiprecision 

Binary to BCD 

Note 5 

Log 2F-+Y 

a 

D 

Input 

Hold 

D 


L 

n 

1 

0 

Double Length 

Normalize and 

First Divide Op 

F=S+C n 

Log 2F— +Y 

R3VF3 

D 

Input 

Log 2Q 
— + Q 

o 3 

Input 

■ 

B 

L 

0 

BCD Add 

F = R + S+C n BCD (6) 

F— fY 

0 

0 

X 

Hold 

D 

D 

L 

C 

B 

0 

Two's Complement 
Divide 

F = S + R + C n if Z = L 

F = S-R-1 + C n 
if Z = H 

Log 2F— fY 

r 3 ^f 

B 

Input 

Log 2Q 
— f Q 

°3 

Input 

■ 

D 

L 

0 

BCD Subtract 

F = R-S-1 +C n BCD 16 ' 

F— fY 

0 

0 

X 

Hold 

D 

D 

L 

E 

B 

« 0 

Two's Complement 
Divide Correction 
and Remainder 

F = S + R + C n if Z = L 

F = S-R-1+Cn if Z = H 

F— fY 

F 3 

B 

D 

Log 2Q 
-+Q 

°3 

Input 

■ 

F 

■- 

0 

BCD Subtract 

F=S-R-1 + C n BCD (S) 

F-fY 

0 

0 

X 

Hold 

D 

D 

L 


NOTES: 

1. At the Most Significant Slice only, the C n + 4 signal is internally gated to the Y 3 output. 

2. At the Most Significant Slice only, Fs'V' OVR is internally gated to the Y 3 output. 

3. At the Most Significant Slice only. S 3 'V* F 3 is generated the Y 3 output. 

4. On each slice. F = S if magnitude of S 0 -3 is less than 8, and F = S minus three if magnitude of S 0 _3 is 8 or greater. 

5. On each slice. F = S if magnitude of S 0 _ 3 is less than 5, and F = S plus three if magnitude of S 0 _ 3 is 5 or greater. Addition is modulo 16. 

6. Additions and Subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 

7. The Q register cannot be used explicitly as an operand for any special functions. It is defined implicitly within the functions. 

8. L = LOW. H = HIGH. X = Don't Care, V = Exclusive OR, PARITY = SIO 3V Fj'V'F/V' F 0 
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Table 5. IDT39C203 Status Outputs 



Z(OE y = L) 


MOST SIG. 
SLICE 

INTER- 

MEDIATE 

SLICE 

Y 0 Yi Y 2 Y 3 


YqY, y 2 y 3 






Y 0 Y,Y 2 Y 3 


YqYi Y 2 Y3 

bbepi 


Y 0 Y 1 Y 2 Y 3 

YqY 1 Y 2 Y 3 

YoY, Y 2 Y 3 

y 0 y 1 y 2 y 3 

V 0 Y, Y 2 Y 3 

y 0 y, y ? y 3 

emi 

y 0 y 1 y 2 y 3 

Yq Y-i y 2 y 3 

Yo Yi Y 2 Y 3 

YoY 1 Y 2 Y 3 

Y0Y1 Y2Y3 

Y0Y1Y2Y3 


LEAST SIG. 
SLICE 


YoV, y 2 y 3 



Y0Y1 Y2Y3 


y 0 y 1 y 2 y 3 


Y0Y1Y2Y3 | Y0Y1Y2Y3 


y 0 y 1 y 2 y 3 


Ksssai 



Y 0 Y 1 Y 2 Y 3 


Input 


Input 


Y 0 Y,Y 2 Y 3 


\msm\ 



y 0 y 1 y 2 y 3 


Input O 0 



YqY 1 Y 2 Y 3 




QqQ^q 2 ^ 3 Q qQ 1 Q 2 Q 3 1 Q o'Q 1 G 2 Q 


Q 0 Qi Q 2 ( 5 3 QqQi Q2 Q 3 Q0Q1Q2Q3 


G Note 5 Note 5 Note 5 


Y0Y1Y2Y3 Y0Y1Y2Y3I Y0Y1Y2Y3 


Sign 

Compare Input Input 

FF Output 


(3 Compare Input Input 

FF Output 
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NOTES: 

1. If LSS is LOW, G 0 = S 0 and G 123 = 0. If LSS is HIGH, G 0 , 1 , 2,3 = 0. 

2. If LSS is LOW, P 0 = 1 and P,, 2i3 = S 12 , 3 . If LSS is HIGH, Pi = Si . 

3. At the most significant slice, C n+ 4 = 0 3 < 7'Q 2 .At other slices C n +4 =GVPC n . 

4. At the most significant slice, Cn+4 = F 3 'V'F 2 . At other slices C n +4 = GVPC n . 

5. Z — Q qQ^Q 2 Q 3 ^3 ^ ^ P). ___ 

6. If LSS is LOW, G 0 = 0 and G 1 , 2,3 = S 1 . 2 . 3 . If LSS is HIGH, G 0123 = S 0i1i2 , 3 . 

7. If LSS is LOW, P 0 = S and P 123 = S . If LSS is HIGH, P 01 23 = i. 

8 . On all slices P= (F 0 *F P 3 ) (^3 + P 2 ) (Fo + ^*i + P 2 ). 

9. On all slices 5 = S 3 (S 3 + ®i + P 2 ) (Sq + S3) (P3 + G 2 ) (P 3 + ^ • P 2 • S 3 ). 

10. L = LOW = 0, H = HIGH = 1, V = OR, A = AND, *?= EXCLUSIVE OR, P = P 3 P 2 Pi P 0 , 

G = G 3 VG 2 P 3 VG,P 2 P 3 V G,P, P 2 P 3 , C n+3 = G 2 V G, P 2 VG 0 P,P 2 VC n P 0 P3P 2 VC n P 0 P,P 2 


ABSOLUTE MAXIMUM RATINGS {1> 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

1.0 

1.0 

W 

( OUT 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 5% 


CAPACITANCE (T A = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER W 

CONDITIONS 

TYP. 

UNIT 

C|N 

Input Capacitance 

V,N=0V 

5 

PF 

Cqut 

Output Capacitance 

V OUT= 0V 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

T A = 0°Cto +70°C Vcc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C Vcc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V H c = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP.< 2 * 

MAX. 

UNIT 

V| H 

Input HIGH Level 

Guaranteed Logic High Level * 4 * 


- 

- 

V 

V|L 

Input LOW Level 

Guaranteed Logic Low Level HI 

- 

- 

0.8 

V 

•lH 

Input HIGH Current 

Vcc = Max., V| N = Vcc 

- 

0.1 

5 

pA 

'IL 

Input LOW Current 

Vcc = Max.,V| N = GND 

- 

-0.1 

-5 

pA 


Output HIGH Voltage 


I 0 h ~ -300pA 

mm 

— 

- 

D 

l 0H = -12mA MIL 

mm 

mm 

- 

Iqh = -15mA COM’L. 

mm 

WEB 

- 

VOL 

Output LOW Voltage 

i* 

ii ii 

Iql = 300pA 

- 

GND 

Ml 

a 

l 0L = 20mA MIL. 

~ 

0.3 

0.5 

I 0L = 24mA COM’L. 

- 

0.3 

0.5 

m 

Off State (High Impedance) 

Output Current 

Vcc - Max. 

V 0 = 0 V 

- 

-0.1 

-10 

pA 

V 0 = Vcc 

- 

0.1 

10 

'os 

Output Short Circuit Current 

Vcc = Min., V 0UT = 0 V < 3 > 

-30 

a 

- 

mA 

D 

Quiescent Power Supply Current 
CP = H (CMOS Inputs) 

Vcc = Max. 

v hc 5 V, N , V, N < V LC 

f CP = 0. CP = H 

■ 

5 

15 

mA 

m 

Quiescent Power Supply Current 
CP = L (CMOS Inputs) 

Vac = Max. 

V HC S V ]N , V| N < V LC 
f QP — 0, CP = L 

a 

5 

15 

mA 

'cCT 

Quiescent Input Power Supply (5) 
Current (per Input @ TTL High) 

Vcc = Max. V IN = 3.4V, f CP = 0 

- 

0.25 

0.5 

mA/ 

Input 

a 

Dynamic Power Supply Current 

Vcc = Max. 

V H c < V IN , V IN <_V LC 

Outputs Open, OE = L 

MIL. 

- 

0.5 

2.0 

mA/ 

MHZ 

COM’L. 

- 

0.5 

1.5 

1 

Total Power Supply Current* 6 * 

V cc = Max., fcp = 10MHz 

Outputs Open, 5 e = L 

CP = 50% Duty cycle 
v hc S V (N , V| N < V LC 

MIL. 

WM 

10 

35 

mA 

COM’L. 

- 

10 

30 

Vcc = Max., fcp = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

Vj H = 3.4V, V IL = 0.4V 

MIL. 

- 

20 

55 

COM’L. 

- 

20 

50 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at v cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 

5. lcc T is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh . then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

Icc = Iccqh (CCVi) + Iccoi (1 - CDh) + Icct(Nt x Dh) + lccD(fcp) 

CD h = Clock duty cycle high period. 

D h = Data duty cycle TTL high period (Vin = 3.4V). 

N t = Number of dynamic inputs driven at TTL levels. 
f cp = Clock input frequency. 






























































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C203A over the commercial operating range of 0 to +70°C 
with Vcc from 4.75 to 5.25V. All data are in nanoseconds, with in- 
puts switching between 0 and 3V at IV/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


Table 12. Clock and Write Pulse Characteristics All Functions 


Minimum Clock Low Time 

24ns 

Minimum Clock High Time 

24ns 

Minimum Time CP and WE both Low to Write 

12ns 


Table 13. Enable/Disable Times All Functions (1) 


FROM 

TO 

ENABLE 

DISABLE 

OEy 

Y 

20 

17 

UEe 

DB 

20 

17 

EA 

DA 

20 

17 

*8 

SIO 

20 

17 

*8 

QIO 

30 

30 

Is. 7. 6.5 

QIO 

30 

30 

U, 3, 2.1.0 

QIO 

30 

28 

ESS 

Write 

20 

17 


NOTE: 

1 . C L = 5.0pF for output disable tests. Measurement is made to a 
0.5V change on the output. 


Table 14. Set-up and Hold Times All Functions 




HIGH-TO-LOW 

LOW-TO-HIGH 




fpWL ^ 

\ _ f 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don’t Care 

Don’t Care 

11 

3 

Store Y in RAM/Ql 1 * 

WE HIGH 

CP 

12 

Tpwl 

0 

Prevent Writing 

WE LOW 

CP 

Don’t Care 

Don't Care 

12 

0 

Write into RAM 

A, B Source 

CP 

16 

3 

Don’t Care 

Don't Care 

Latch Data from RAM Out 

B Destination 

CP 

5 

T 

PWL 

3 

Write Data into B Address 

QIO 0 3 

CP 

Don’t Care 

Don’t Care 

14 

3 

Shift O 

1 8. 7. 6,5 

CP 

10 

- 

16 

0 

Write into Q (2) 

JEN HIGH 

CP 

19 

T 

PWL 

0 

Prevent Writing into O 

TEN LOW 

CP 

Don’t Care 

Don’t Care 

17 

0 

Write into Q 

*4, 3. 2, 1. 0 

CP 

14 

- 

26 

0 

Write into 0 <2) 


NOTES: 

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing, TEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
JEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 1 8 . 7 , 6.5 controls the writing or not writing of data into RAM and O, they should be stable during the entire clock LOW time unless TEN is HIGH, 
which prevents writing. 

8. The set-uptime prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time priorto the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14 , 3 . 2 , 1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L— ► H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 


8-84 









































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 


FROM 

TO 

n 

Cn+4 

G,F 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0> 3 

SIO 0 

SI0 3 

SlOo 

PARITY 

A, B Addr 

54 

44 

42 

59 

49 

54 

22 

- 

- 

33 

50 

62 

DA, DB 

46 

40 

32 

52 

43 

46 

- 

- 

- 

28 

47 

52 

Cn 

26 

14 

- 

28 

22 

22 

- 

- 

- 

18 

24 

30 

<8-0 

51 

51 

40 

58 

49 

50 

- 

27 

21 

40 

50 

59 

CP 

46 

34 

34 

49 

43 

46 

18 

- 

18 

30 

43 

48 

SlOo, SI0 3 

18 

- 

- 

23 

- 

- 

- 

- 

- 

- 

23 

15 

rass 

35 

- 

35 

35 

35 

35 

- 

- 

- 

- 

35 

- 


46 

40 

32 

52 

43 

46 

- 

- 

- 

28 

47 

52 


NOTES: 

1 . A “ — ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "*" is the delay to correct 


data on an enabled output.. 

3. Standard Functions: See Table 2, Increment SF4: F = S+1+C n and Decrement SFD: F = S-2+C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

a 

C n +4 

G,F 

Z 

N 

OVR 

DA, 

DB 

WRITE 

qio 0 ,3 

SlOo 


MSS 

(54) 

(44) 

- 

- 

(49) 

(54) 

■SI 

- 

- ' 

(33) 

A. B Addr 

IS 

(54) 

(44) 

(42) 

- 

- 

- 

(22) 

- 

- 

(33) 


LSS 

(54) 

(44) 

(42) 

- 

- 

- 

(22) 

- 

- 

(33) 


MSS 

(46) 

(40) 

- 

- 

(43) 

(46) 

- 

- 

- 

(28) 

DA, DB 

IS 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(28) 



RSI 

Ki!H 

Mk kH 


IH9I 



■ 


KBI 


MSS 

28 

(14) 

- 

- 

(22) 

(22) 

- 

- 

- 

(18) 

C n 

IS 

(26) 

(14) 

- 

- 

- 

- 

- 

- 

- 

(18) 



(26) 

(14) 

- 

- 

- 

- 

- 

- ' 

- 

(18) 


MSS 

75 

60 

- 

- 

70 

70 

- 

- 

(21) 

58 

la-o 

IS 

75 

60 

57 

- 

- 

- 

- 

- 

(21) 

58 


■MB 

75 

60 

57 

24 

- 

- 

- 

m 

■bSH 

58 


MSS 

R5I 

(34) 

- 

- 

(43) 

(46) 

RSI 

- 

(18) 

(30) 

CP 

IS 

(46) 

(34) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(30) 


LSS 

75 

60 

57 

24 

- 

- 

(18) 

- 

(18) 

58 


MSS 

51 

36 

- 

- 

46 

46 

- 

- 

- 

34 

■z 

IS 

51 

36 

33 

- 

- 

- 

- 

- 

- 

34 


■sai 






■ 


■BB 

■ ■ 


SlOo, SI0 3 

Any 

RES 







■ 

■EH 



NOTES: 

1 . A “ — ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 


Unsigned Multiply 
SFO: F = S + C n if Z = 0 
F = S + R+Cn ifZ = 1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 =Cn + 4(MSS) 

Z = Q 0 (LSS) 


Two’s Complement Multiply 
SF2: F = S+Cn if Z = 0 
F = R + S + C n if Z = 1 
Y = Log. F/2 
Q = Log. 0/2 
Y 3 = Fs ® OVR (MSS) 
Z = Q 0 (LSS) 


Two’s Complement Multiply Last Cycle 
SF6: F = S + C n if Z = 0 

F = S-R-1 +Cn if Z = 1 
Y = Log. F/2 
Q = Log. 0/2 
Y 3 = OVR ® Fs (MSS) 

Z = Q 0 (LSS) 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL RANGE PERFORMANCE DIVIDE INSTRUCTIONS 
(SFA, SFC, SFE) 


FROM 

TO 

SLICE 

D 

Cn + 4 


Z 

N 

OVR 

DA, 

DB 

WRITE 

QIOo.3 

sio 3 


MSS 

■(dll 

49/(44) 

- 


in 

MSM 

(22) 

- 

- 


A, B Addr 

IS 

(54) 

(44) 

(42) 

(59)/- 

- 

- 

(22) 

- 

- 

(50) 


LSS 

(54) 

(44) 

(42) 

(59)/- 

- 

- 

(22) 

- 

- 

(50) 


MSS 

(46) 

44/40 

- 

(52)/- 

(43) 

(46) 

- 

- 

- 

(47) 

DA, DB 

IS 

(46) 

(40) 

(32) 

(52)/- 

- 

- 

- 

- 

- 

(47) 



KfcU 

M&M 

KH 

n&JBi 








MSS 

■SSI 

IMUil 

- 

wzm 

m&m 

WEM 

- 

- 

- 

26 

C n 

IS 

(26) 

(14) 

- 

(28)/- 

- 

- 

- 

- 

- 

(24) 


MEM 

(26) 

(14) 

- 

(28)/- 

- 

- 

- 

- 

- 

(24) 


MSS 

(51)/67 

60/54 

- 

(58)/23 

(49)/62 

(50)/62 

- 

- 

(21) 

(50)/66 

^8-0 

IS 

(51)/67 

(51)/54 

(40)/(56) 

(58)/- 

- 

- 

- 

- 

(21) 

(50)/66 



m 


ISSB1 

sm 

- 

- 

- 

HKm 

■3H 



MSS 

B 

37/55 

- 

W&MM 

(43)/53 

(46)/53 

(18) 

~ 

■9 


CP 

IS 

(46) 

(34) 

(34) 

(49)/- 

- 

- 

(18) 

- 

(18) 

(43) 


LSS 

(46) 

(34) 

(34) 

(49)/- 

- 

- 

(18) 

- 

(18) 

(43) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


z 

IS 

— /44 

— /31 

— /33 

- 

- 

- 

- 

- 

- 

— /43 


WisMI 

— /44 

— /31 

— /33 

- 

- 

- 

- 

~ 

- 

—143 

SIOo. SI0 3 

HSfl 

■dill 


■ 



■ 

■ 





NOTES: 

1 . A “ - ' means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. If two delays are given, the first is for 1st divide and normalization: the second is for two’s complement divide and two’s complement divide 
correction. 


5. Double Length Normalize and First Divide Op 
SFA: F = S + C n 
Y = Log. 2F 
Q = Log. 2Q 
SI0 3 =F 3 © R 3 (MSS) 

C n+ 4 =F 3 © F 2 (MSS) 

OVR = R> zn Fi (MSS) 

^ J1 f 3 


Two’s Complement Divide Two’s Complement Divide Correction and Remainder 

SFC: F=R + S+C n if Z = 0 SFE: F = R + S + C n if Z = 0 

F = S-R-1 +C n if Z = 1 F = S-R-1 + C n if Z = 1 

Y= Log. 2F Y = F 

Q = Log. 2Q Q = Log. 2Q 

SI0 3 = F 3 © R 3 (MSS) Z = F, © R 3 (MSS) from previous cycle 

Z = f 3 © Hj (MSS) from previous cycle 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL RANGE PERFORMANCE BCD INSTRUCTIONS 
(SF1, SF7, SF9, SFB, SFD, SFF) 


FROM 

TO 

SLICE 

n 

Cn+4 

G,P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIOq' 3 

SlO 0 

SI0 3 

SlOo 

PARITY 

A, B Addr 

MSS 

58 

48 

- 

(59) 

54 

54 

(22) 

- 

- 

44 

(50) 

(62) 

IS 

58 

48 

44 

(59) 

- 

- 

(22) 

- 

- 

44 

(50) 

(62) 

LSS 

58 

48 

44 

(59) 

- 

- 

(22) 

- 

- 

44 

(50) 

(62) 

DA, DB 

MSS 

49 

42 

- 

■SI 

47 

47 

- 

- 

- 

36 

WSM 

mm 

IS 

49 

42 

38 

(52) 

- 

- 

- 

- 

- 

36 

(47) 

(52) 

LSS 

49 

42 

38 

(52) 

- 

- 

- 

- 

- 

36 

(47) 

(52) 

Cn 

MSS 

29 

18 

- 

30 

26 

26 

- 

- 

- 

24 

29 

35 

IS 

29 

18 

- 

30 

- 

- 

- 

- 

- 

24 

29 

35 

LSS 

29 

18 

- 

30 

- 

- 

- 

- 

- 

24 

29 

35 

CD 

o 

MSS 

58 

(51) 

- 

(58)/36 

50 

(50) 

- 

- 

(21) 

(40) 

(50) 

(59) 

IS 

58 

(51) 

50 

(58)/36 

- 

- 

- 

- 

(21) 

(40) 

(50) 

(59) 

LSS 

58 

(51) 

50 

(58J/36 

- 

- 

- 

(27) 

(21) 

(40) 

(50) 

(59) 

CP 

MSS 

50 

42 

- 

54/24 

50 

50 

(18) 

- 

(18) 

31 

48 

52 

IS 

50 

42 

40 

54/24 

- 

- 

(18) 

- 

(18) 

31 

48 

52 

LSS 

50 

42 

40 

54/24 

- 

- 

(18) 

- 

(18) 

31 

48 

52 

SIOo-3 

Any 

(18) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . Binary-to-BCD and multiprecision Binary-to-BCD instructions only. 

2. BCD-to-binary conversion (SF1), Binary-to-BCD conversion (SF9). BCD subtract (SFD. SFF), BCD divide by two (SF7), BCD add (SFB) 

3. A “ - " means the delay path does not exist. 

4. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions Table. This 
specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

5. If two delays are given, the first is for 1st divide and normalization; the second is for two’s complement divide and two's divide correction. 




























































































































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 

SLICE 

Y 

Cn+4 

G, P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0> 3 

SIOj 


MSS 

78 

67 

- 

36 

71 

71 

(22) 

- 

- 

84 

A, B Addr 

IS 

(54) 

(44) 

(42) 

- 

■ - 

- 

(22) 

- 

- 

(50) 


LSS 

(54) 

(44) 

(42) 

- 

- 

- 

(22) 

- 

- 

(50) 


MSS 

75 

63 

- 

32 

67 

67 

- 

- 

- 

80 

DA, DB 

wtm 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(47) 


■ESI 

m 

KH 

in 

Bi 


m 

■ 



wnm 


MSS 

(26) 

(14) 

- 

- 

26 

(21) 

- 

- 

- 


C n 

IS 

(26) 

(14) 

- 

- 

- 

- 

- 

- 

- 

(24) 



(26) 

(14) 

- 

- 

- 

- 

- 

- 

- 

(24) 


MSS 

68 

54 

- 

22 

66 

58 

- 

- 

(21) 

70* 

la-o 

IS 

68 

54 

50 

- 

- 

- 

- 

- 

(21) 

70* 



68 

54 

50 

- 

- 

- 

- 

mmssm 

WBEBM 

70* 


MSS 

75 

63 

- 

32 

67 

67 

(18) 

~ 

■m 

80 

CP 

IS 

(46) 

(34) 

(34) 

- 

- 

- 

(18) 

~ 

(18) 

(43) 


LSS 

(46) 

(34) 

(34) 

- 

- 

- 

(18) 

~ 

(18) 

(43) 


MSS 

- 

- 

- 

- 

- 

- 

- 

~ 

- 


Z 

IS 

46 

31 

28 

- 

- 

- 

- 

- 

- 

48 



46 

31 

28 

- 

- 

- 

- 

- 

- 

48 

SIOo. SI0 3 

— 

(18) 

- 

- 

- 

- 

- 

- 

- 

- 



NOTES: 

1 . A “ - ” means the delay path does not exist. 


2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF5: F = S + C n if 2=0, Y 3 =S 3 ® F 3 (MSS), Q=Q 

F = 3+Cn if Z = 1 , Z = S 3 (MSS), N = F 3 if Z = 0 

N = F 3 ®S 3 ifZ = 1 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

Y 


G, P 

Z 

N 

OVR 

DA, 

DB 


QIOq' 3 

sio 3 

WRITE 


MSS 

(54) 

- 

- 

- 

- 

- 

( 22 ) 

- 

- 

(50) 

A. B Addr 

IS 

(54) 

(44) 

(42) 

- 

- 

- 

( 22 ) 

- 

- 

(50) 


LSS 

(54) 

(44) 

(42) 

- 

- 

- 

( 22 ) 

- 

- 

(50) 


MSS 

(46) 

- 

- 

- 

- 

- 

- 

- 

- 

(47) 

DA. DB 

IS 

(46) 

(40) 

(32) 

- 

- 

- 

- 

- 

- 

(47) 


LSS 

M&M 

warn 

■&S 






■ 

mm\ 


MSS 

(26) 

- 

- 

- 

- 

- 

- 

- 

- 

(24) 

C n 

IS 

(26) 

(14) 

- 

- 

- 

- 

- 

- 

- 

(24) 



(26) 

(14) 

- 

- 

- 

- 

- 

- 

- 

(24) 


MSS 

(51) 

30 

- 

23 

19 

19 

- 

- 

( 21 ) 

(50)* 

' 8-0 

IS 

(51) 

(51) 

(40) 

23 

- 

- 

- 

- 

( 21 ) 

(50)* 


■E9 


wmm 


23 

- 

- 

- 

(27) 

■3H 



MSS 

(46) 

23 

- 

24 

21 

21 

(18) 


(18) 

■li 

CP 

IS 

(46) 

(34) 

(34) 

24 

- 

- 

(18) 

- 

(18) 

(43) 


LSS 

(46) 

(34) 

(34) 

24 

- 

- 

(18) 

- 

(18) 

(43) 

SIO 0 . SI0 3 

Any 

(18) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF8: F = S + C n C n +4 = Oj Q Q z (MSS) OVR = Q, © Q^MSS) 

N = Q a (MSS) Z = Q 0 C5 1 Q 2 Q 3 
Y = F 

Q = Log. 2Q 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED MILITARY RANGE 
PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C203A over the military operating range of -55 °C to 
+ 125°C with Vcc from 4.5 to 5.5V. All data are in nanoseconds, 
with inputs switching between 0 and 3V at IV/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


Table 15. Clock and Write Pulse Characteristics All Functions 


Minimum Clock Low Time 

24ns 

Minimum Clock High Time 

24ns 

Minimum Time CP and WE both Low to Write 

24ns 


Table 16. Enable/Disable Times All Functions* 1 * 


FROM 

TO 

ENABLE 

DISABLE 

OEy 

Y 

20 

17 

OEb 

DB 

20 

17 

E£ 

DA 

20 

17 

*8 

SIO 

20 

17 

u 

QIO 

30 

30 

Is, 7. 8.5 

QIO 

30 

30 

L. 3.2. 1,0 

QIO 

30 

28 

EES 

WRITE 

24 

20 


NOTE: 


1 . C L = 5.0pF for output disable tests. Measurement is made to a 
0.5V change on the output. 


Table 17. Set-up and Hold Times All Functions 




HIGH-TO-LOW 

LOW-TO-HIGH 




fpwi ^ 

r 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don’t Care 

11 

3 

Store Yin RAM/Qf 1 * 

WE HIGH 

CP 

12 

Tpwl 

0 

Prevent Writing 

WE LOW 

CP 

Don’t Care 

Don’t Care 

12 

0 

Write into RAM 

A, B Source 

CP 

16 

3 

Don’t Care 

Don't Care 

Latch Data from RAM Out 

B Destination 

CP 

5 

7 

PWL 

3 

Write Data into B Address 

OlOo. 3 

CP 

Don't Care 

Don’t Care 

14 

3 

Shift Q 

Is. 7. 6.5 

CP 

10 

- 

16 

0 

Write into Q (2) 

TER HIGH 

CP 

19 

Tpwl 

0 

Prevent Writing into Q 

TER LOW 

CP 

Don’t Care 

Don’t Care 

17 

0 

Write into Q 

*4. 3 . 2 . 1, 0 

CP 

14 

- 

26 

0 

Write into 0 (2) 


NOTES: 

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (UE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For a!! ether cct-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing. TER and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
TER LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because 18,7,6.5 controls the writing or not writing of data into RAM and 0, they should be stable during the entire clock LOW time unless IEN is HIGH, 
which prevents writing. 

8. The set-up time priorto the clock LOW-TO-HIGH transition occurs in parallel with the set-uptime priorto the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14 , 3 , 2 , 1.0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — ► H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


1DT39C203A GUARANTEED MILITARY RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 


FROM 

TO 

D 

Cn+4 


Z 

N 

OVR 

DA, 

DB 

WRITE 

QlOo.a 

SIO 0 

SI0 3 

SlOo 

PARITY 

A, B Addr 

56 

46 

42 

62 

54 

54 

22 

- 

- 

38 

57 

67 

DA, DB 

48 

42 

32 

53 

. 44 

46 

- 

- 

- 

28 

49 

59 

C n 

28 

15 

- 

33 

25 

23 

- 

- 

- 

18 

26 

32 

•a-o 

58 

55 

45 

64 

57 

55 

_ 

29 

21 

46 

60 

71 

CP 

48 

34 

34 

54 

44 

46 

18 

- 

18 

33 

49 

53 

SlOo, SI0 3 

21 

- 

- 

23 

- 

- 

- 

- 

- 

- 

23 

15 

MSS 

35 

- 

35 

35 

35 

35 

- 

- 

- 

- 

35 

- 


48 

42 

32 

53 

44 

46 

- 

- 

- 

28 

49 

59 


NOTES: 

1 . A " — ’ means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output.. 

3. Standard Functions: See Table 2. Increment SF4: F = S + 1 +C n and Decrement SF3: F = S-2+C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

Y 

Cn+4 

CS,P 

z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0f 3 

SlOo 

A, B Addr 

MSS 

(56) 

RSI 

- 

- 

(54) 

msm 

mm 

- 

- 

(38) 

IS 

(56) 

(46) 

(42) 

- 

- 

~ 

(22) 

- 

- 

(38) 

LSS 

(56) 

(46) 

(42) 

- 

- 

~ 

(22) 

- 

- 

(38) 

DA, DB 

MSS 

(48) 

(42) 

- 

- 

(44) 

(46) 

- 

- 

- 

(28) 

IS 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(28) 


WisH 

■£M 

BM 


EEH 


H 

■ 


IBM 

C n 

MSS 

32 

(15) 

- 

- 

(25) 


- 

- 

- 

(18) 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(18) 


(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(18) 

'a-o 

MSS 

86 

67 

- 

- 

78 

78 

- 

- 

(21) 

65* 

IS 

86 

67 

64 

- 

- 

- 

- 

- 

(21) 

65* 


86 

67 

64 

26 

- 

- 

- 

■kjb 

Bsn 

65* 

CP 

MSS 

(48) 

(34) 

- 

- 

(44) 

msm 

■fell 

- 

(18) 

(33) 

IS 

(48) 

(34) 

(34) 

- 

- 

~ 

(18) 

- 

(18) 

(33) 

LSS 

87 

68 

63 

27 

- 

- 

(18) 

- 

(18) 

66 

Z 

MSS 

60 

41 

- 

- 

52 

52 

- 

- 

- 

38 

IS 

60 

41 

38 

- 

- 

- 

- 

- 

- 

38 





■ 

« ■ 

mom 


■Bl 



SIO0.SIO3 

HBH 

msm 




BHfl 

■ ■ 

■EH 

■ 

■ 



NOTES: 

1 . A “ - ' means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. 


A number in parenthesis means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Tests. 


Unsigned Multiply 
SFO: F = S+C n if Z = 0 
F = S+R + C n if Z = 1 
Y 3 =C n+4 (MSS) 

Z = Q 0 (LSS) 

Y = Log. F/2 
O = Log. Q/2 


Two’s Complement Multiply 
SF2: F = S + C n if Z = 0 
F — R + S + C n if Z — 1 
Y 3 =F 3 ®OVR (MSS) 
Z = Q 0 (LSS) 

Y = Log. F/2 
Q = Log. Q/2 


Two’s Complement Multiply Last Cycle 
SF6: F = S+C n if Z = 0 

F = S-R-1 +C n if Z=1 
Y 3 = OVR © F 3 (MSS) 

Z = Q 0 (LSS) 

Y = Log. F/2 
Q = Log. Q/2 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED MILITARY RANGE PERFORMANCE DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO 

SLICE 

n 

Cn + 4 

G.P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QlOo, 3 

SI0 3 


MSS 

(56) 

58/(46) 

- 

■&n 

m&m 

KS 

(22) 

- 

- 

(57) 

A, B Addr 

IS 

(56) 

(46) 

(42) 

(62)/- 

- 

- 

(22) 

- 

- 

(57) 


LSS 

(56) 

(46) 

(42) 

(62)/- 

- 

- 

(22) 

- 

- 

(57) 


MSS 

(48) 

53/(42) 

- 

(53)/- 

(44) 

(46) 

- 

- 

- 

(49) 

DA, DB 

IS 

(48) 

(42) 

(32) 

(53)/- 

- 

- 

- 

- 

- 

(49) 


90S 

■9 

19 

■1 

HB 






wmm 


MSS 

(28) 

30/(15) 

- 

(33)/- 

(25) 

mm 

- 

- 

- 

29 

C„ 

IS 

(28) 

(15) 

- 

(33)/- 

- 

- 

- 

- 

- 

(26) 


H&l 

(28) 

(15) 

- 

(33)/- 

- 

- 

- 

- 

- 

(26) 


MSS 

(58)/77 

71/63 

- 

(64)/26 

(57)773 

(55)773 

- 

- 

(21) 

61/78* 

•a-o 

IS 

(58)277 

(55)/63 

(45)/63 

(64) 

- 

- 

- 

- 

(21) 

m 3 



mmuiA 


Ikcazcki 

■&M 

- 

- 

- 

■KS 

■3H 

mi 


MSS 

(48)/78 

41/64 

- 

(54)/27 

EKI 

(46)/59 

(18) 

- 

(18) 

ID 

CP 

IS 

(48) 

(34) 

(34) 

(54) 

- 

- 

(18) 

- 

(18) 

(49) 


LSS 

(48) 

(34) 

(34) 

(54) 

- 

- 

(18) 

- 

(18) 

(49) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

z 

IS 

— /50 

-/37 

-137 

- 

- 

- 

- 

- 

- 

-152 


■os 

-150 

WBJBM 

-137 

- 

- 

- 

- 

- 

- 

—152 

SIO 0 , SI0 3 

Any 

(21) 


- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. If two delays are given, the first is for 1st divide and normalization; the second is for two's complement divide and two’s complement divide 
correction. 

5. Double Length Normalize and First Divide Op 
SFA: F=S+C n 

SI0 3 =F 3 ® R 3 (MSS) 

Cn+4 =F 3 0 F 2 (MSS) 

OVR = Fi> 0 Ft (MSS) 

Z = G 3 C5 1 Fi ^ ^ 

Y = Log. 2F 
Q = Log. 2Q 


Two's Complement Divide 
SFC: F = R + S+C n if 2 = 0 
F = S-R-1 + C n if 2 = 1 
Y=Log. 2F 
Q = Log. 2Q 
SI0 3 = F 3 ® FWMSS) 
Z=Pg 0 fig (MSS) from 
previous cycle 


Two’s Complement Divide Correction and Remainder 
SFE: F= R + S+Cn if 2 = 0 
F = S-R-1 +C n if 2 = 1 
Y=F 

Q = Log. 2Q 

Z=F 3 0 R 3 (MSS) from previous cycle 


8-92 





















































































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED MILITARY RANGE PERFORMANCE BCD INSTRUCTIONS 
(SF1, SF7, SF9, SFB, SFD, SFF) 


FROM 

TO 

SLICE 

n 

Cn+4 


Z 

N 

OVR 

DA, 

DB 

WRITE 

OIO 0 ,3 

SIO 0 

sio 3 

SIO 0 

PARITY 

A, B Addr 

MSS 

60 

52 

- 

(62) 

56 

56 

(22) 

- 

- 

48 

(57) 

(67) 

IS 

60 

52 

46 

(62) 

- 

- 

(22) 

- 

- 

48 

(57) 

(67) 

LSS 

60 

52 

46 

(62) 

- 

- 

(22) 

- 

- 

48 

(57) 

(67) 

DA. DB 

MSS 

50 

43 

- 

(53) 

51 

51 

- 

- 

- 

40 

(49) 

(59) 

IS 

50 

43 

40 

(53) 

- 

- 

- 

- 

- 

40 

(49) 

(59) 

LSS 

50 

43 

40 

(53) 

- 

- 

- 

- 

- 

40 

(49) 

(59) 

Qi 

MSS 

31 

21 

- 

35 

30 

30 

- 

- 

- 

27 

31 

38 

IS 

31 

21 

- 

35 

- 

- 

- 

- 

- 

27 

31 

38 

LSS 

31 

21 

- 

35 

- 

- 

- 

- 

- 

27 

31 

38 

*8-0 

MSS 

61 

(55) 

- 

(64)/400) 

58 

58 

- 

- 

(21) 

(46) 

(60) 

(71) 

IS 

61 

(55) 

56 

(64)/400) 

- 

- 

- 

- 

(21) 

(46) 

(60) 

(71) 

LSS 

61 

(55) 

56 

(64)/40<’> 

- 

- 

- 

(29) 

(21) 

(46) 

(60) 

(71) 

CP 

MSS 

54 

43 

- 

56/270) 

53 

53 

(18) 

- 

(18) 

34 

50 

59 

IS 

54 

43 

42 

56/270) 

- 

- 

(18) 

- 

(18) 

34 

50 

59 

LSS 

54 

43 

42 

56/270) 

- 

- 

(18) 

- 

(18) 

34 

50 

59 

SIOo-3 

Any 

(21) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1. Binary-to-BCD and multiprecision Binary-to-BCD instructions only. 

2. BCD-to-binary conversion (SF1). Binary-to-BCD conversion (SF9), BCD subtract (SFD, SFF), BCD divide by two (SF7), BCD add (SFB) 

3. A “ — ’ means the delay path does not exist. 

4. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and increment by One or Two Instruction Test. 

5. If two delays are given, the first is for 1st divide and normalization: the second is for two's complement divide and two's complement divide cor 
rection. 


































































































































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED MILITARY RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 1 

SLICE 

Y 

C n +« 

m 

z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0> 3 

SI0 3 


MSS 

91 

78 

- 

42 

85 

85 

K3 1 

- 

- 

102 

A, B Addr 

IS 

(56) 

(46) 

(42) 

- 

- 

- 

(22) 

- 

- 

(57) 


LSS 

(56) 

(46) 

(42) 

- 

- 

- 

(22) 

- 

- 

(57) 


MSS 

86 

74 

- 

37 

81 

81 

- 

- 

- 

90 

DA. DB 

IS 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(49) 


LSS 

Bl 

KSH 

K8H 

■ 


' ■ 



SdgM 

HRSH 


MSS 

29 

IS9 

- 

- 

28 


- 

- 

- 

HH 

c„ 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 



(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 


MSS 

78 

63 

- 

26 

78 

70 

- 

- 

(21) 

87* 


IS 

78 

63 

58 

- 

- 

- 

- 

- 

(21) 

87* 


■1^9 

78 

63 

58 

- 

- 

- 

- 

■n 

M5M 

87* 


MSS 

85 

74 

- 

37 

81 

81 

KEI 

- 

■REH 

98 

CP 

IS 

(48) 

(34) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(49) 


LSS 

(48) 

(34) 

(34) 

- 

- 

- 

(18) 

- 

(18) 

(49) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

z 

IS 

52 

37 

32 

- 

- 

- 

- 

- 

- 

61 


H5SB 

52 

37 

32 

- 

- 

- 

- 


- 

61 

SIOo. SI0 3 

Bl 



Hum 


■ 

0 



hhh 



NOTES: 

1 . A “ - ' means the delay path does not exist. 


2. An “*’ means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*" is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF5: F=S+C n if Z = 0. Y, =S 3 ® F 3 (MSS), Q = Q 

F=5+C n ifZ = 1, Z = S 3 (MSS), N = F, if Z = 0 

Y=F N = F 3 ©S 3 ifZ=1 
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1DT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203A GUARANTEED MILITARY RANGE PERFORMANCE SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

Y 

Cn+4 

C5,F 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIOo.3 

sio 3 


MSS 

■m 

- 

- 

- 

- 

- 

K3 1 

- 

- 

El 

A. B Addr 

IS 

(56) 

(46) 

(42) 

- 

- 

- 

( 22 ) 

- 

- 

(57) 


LSS 

(56) 

(46) 

(42) 

- 

- 

- 

( 22 ) 

- 

- 

(57) 


MSS 

(48) 

- 

- 

- 

- 

- 

- 

- 

- 

(49) 

DA. DB 

H9I 

(48) 

(42) 

(32) 

- 

- 

- 

- 

- 

- 

(49) 




KSB 



■ 

■ 

WKBM 

■BH 

■ B 

BBS 


MSS 

■H 






■ 

■ 


HS 

C n 

IS 

(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 



(28) 

(15) 

- 

- 

- 

- 

- 

- 

- 

(26) 


MSS 

(58) 

38 

- 

26 

22 

22 

- 

- 

( 21 ) 

60* 


IS 

(58) 

(55) 

(45) 

26 

- 

- 

- 

- 

( 21 ) 

60* 

■ 

HH9 

■K&fl 

M&M 


26 

- 

- 

- 

B^B 

■3m 

60* 


MSS 

(48) 

25 

- 

27 

21 

25 

KH 

- 

R9 

m 

CP 

IS 

(48) 

(34) 

(34) 

27 

- 

- 

(18) 

- 

(18) 

(49) 


LSS 

(48) 

(34) 

(34) 

27 

- 

- 

(18) 

- 

KH 

(49) 

SIO 0 .SIO 3 

Any 

( 21 ) 

- 

- 

- 

- 



■BB 

B 

■IB 


NOTES: 

1 . A * - ’ means the delay path does not exist. 

2. An “*’ means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*" is the delay to correct 
data on an enabled output. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF8:F=S+C n C n +4 = Q3 © Q2 (MSS) OVR = Q, © Q.(MSS) 

N = Q, (MSS) Z = C5 0 Q 1 Q 2 a3 

Y=F 

Q = Log. 2Q 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED COMMERCIAL RANGE 
PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C203 over the commercial operating range of 0 to 70°C with 
Vcc from 4.75 to 5.25V. All data are in nanoseconds, with inputs 
switching between 0 and 3V at IV/ns and measurements made at 
1.5V. All outputs have maximum DC load. 


Table 6. Clock and Write Pulse Characteristics All Functions 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

15ns 


Table 7. Enable/Disable Times All Functions 


FROM 

TO 

ENABLE 

DISABLE 

UEy 

Y 

25 

21 

OEg 

DB 

25 

21 

EA 

DA 

25 

21 

u 

SIO 

25 

21 

*0 

QIO 

38 

38 

1 a. 7 . 6,5 

QIO 

38 

38 

I 4 . 3 . 2 . 1. 0 

QIO 

38 

35 

UsS 

WRITE 

25 

21 


NOTE: 

1. C L = 5pF for output disable tests. Measurement is made to a 
0.5V change on the output. 


Table 8. Set-up and Hold Times All Functions 



HIGH-TO-LOW 

LOW-TO-HIGH 


tpWL J 

\ / 

FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don’t Care 

Don’t Care 

14 

3 

Store Yin RAM/Q (1 > 

WE HIGH 

CP 

15 

t pwl 

0 

Prevent Writing 

WE LOW 

CP 

Don't Care 

Don’t Care 

15 

0 

Write into RAM 

A, B Source 

CP 

20 

3 

Don't Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

T 

PWL 

3 

Write Data into B Address 

QlOo, 3 

CP 

Don’t Care 

Don't Care 

17 

3 

Shift Q 

U. 7 , 6.5 

CP 

12 

- 

20 

0 

Write into 0 (2) 

TER HIGH 

CP 

24 

T 

PWL 

0 

Prevent Writing into Q 

TER LOW 

CP 

Don't Care 

Don’t Care 

21 

0 

Write into Q 

k 3 , 2 . 1.0 

CP 

18 

- 

32 

0 

Write into 0 (2) 


NOTES: 

1 . The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For all other set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing, lEN and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
lEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because le, 7 , 6.5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless IEN is HIGH, 
which prevents writing. 

8. The set-up time prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14 , 3 , 2 , 1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L-+H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED COMMERCIAL RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 


FROM 

TO 

D 

Cn+4 

G,P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0f 3 

SIO 0 

SIO 3 

SlOo 

PARITY 

A, B Addr 

67 

55 

52 

74 

61 

67 

28 

- 

- 

41 

62 

78 

DA. DB 

58 

50 

40 

65 

54 

58 

- 

- 

- 

35 

59 

65 

C n 

33 

18 

- 

35 

28 

27 

- 

- 

- 

23 

30 

38 

18-0 

64 

64 

50 

72 

61 

62 

- 

34 

26* 

50* 

62* 

74* 

CP 

58 

42 

43 

61 

54 

58 

22 

- 

22 

37 

54 

60 

SIO 0 .SIO 3 

23 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

19 

MSS 

44 

- 

44 

44 

44 

44 

- 

- 

- 

- 

44 

- 

EA 

58 

50 

40 

65 

54 

58 

- 

- 

- 

35 

59 

65 


NOTES: 

1 . A “ - ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4: F = S + 1 + C n and Decrement SF3: F = S- 2 + C n 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

Y 

C n + 4 

G,P 

z 

N 

OVR 

DA, 

DB 

WRITE 

aio 0 ,3 

SlOo 


MSS 

mm 

km 

- 

- 

(61) 

(67) 

(28) 

- 

- 

KBI 

A. B Addr 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(41) 


LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(41) 


MSS 

(58) 

(50) 


- 

(54) 

(58) 

- 

- 

- 

(35) 

DA. DB 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 

- 

(35) 


KM 

km 

El 

KM 


■ 


. 



KIM 


MSS 

35 

km 

- 

- 

(28) 

msm 

- 

- 

- 

KM 

C n 

IS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(23) 



(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(23) 


MSS 

94 

75 

- 

- 

88 

88 

- 

- 

(26)* 

73* 

f 8-0 

IS 

94 

75 

71 

- 

- 

- 

- 

- 

(26)* 

73* 



94 

75 

71 

30 

- 

- 

- 

KM 

KM 

73* 


MSS 

(58) 

(42) 

- 

- 

(54) 

(58) 

(22) 

- 

KM 

(37) 

CP 

IS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(37) 


LSS 

94 

75 

71 

30 

- 

- 

(22) 

- 

(22) 

73 


MSS 

64 

45 

- 

- 

58 

58 

- 

- 

- 

43 

z 

IS 

64 

45 

41 

- 

- 

- 

- 

- 

- 

43 


■S3 

HHI 

!£§rSM 

HUS 

■ 


■ 


■ 

■ 


SlOo, SI0 3 

KM 








■ 




NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. An “*" shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

3. A number in parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. This speci- 
fication is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instructions Test. 

4. Unsigned Multiply Two's Complement Multiply Two’s Complement Multiply Last Cycle 

SFO: F = S+Cn if Z = 0 SF2: F = S-f C n if Z = 0 SF6: F=S + C n if Z = 0 

F = S+R + C n if Z = 1 F=R+S+C n if Z = 1 F = S - R - 1 +C n if Z = 1 

Y= Log. F/2 Y= Log. F/2 Y= Log. F/2 

Q = Log . Q/2 Q = Log. Q/2 Q = Log. 0/2 

Y 3 = C n +4(MSS) Y 3 =F 3 ©OVR(MSS) Y 3 =OVR©(MSS) 

Z = O 0 (LSS) Z = Q 0 (LSS) Z = O 0 (LSS) 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED COMMERCIAL RANGE PERFORMANCE DIVIDE INSTRUCTIONS 
(SFA, SFC, SFE) 


FROM 

TO J 

SLICE 

D 

Cn + 4 

G, P 

Z 

N 

OVR 

DA, 

DB 

I'.'hi.JI 

QIOo.3 

SI0 3 

A, B Addr 

MSS 

kh 

61/(55) 

- 

(74)/- 

(61) 

(67) 

(28) 

- 

- 

62 

IS 

(67) 

(55) 

(52) 

(74)/- 

- 

- 

(28) 

- 

- 

62 

LSS 

(67) 

(55) 

(52) 

(74)/- 

- 

- 

(28) 

- 

- 

62 

DA, DB 

MSS 

(58) 

55/(50) 

- 

(65)/- 

(54) 

(58) 

- 

- 

- 

59 

IS 

(58) 

(50) 

(40) 

(65)/- 

- 

- 

- 

- 

- 

59 


in 


Kliil 

WIMBM 

- 

- 

- 

- 

- 

59 

C n 

MSS 

■&n 

33/(18) 

- 

(35)/- 

(28) 

:K5I 

- 

- 

- 

32 

IS 

(33) 

(18) 

- 

(35)/- 

- 

- 

- 

- 

- 

30 

1IA1 

(33) 

(18) 

- 

(35)/- 

- 

- 


- 

- 

30 

*8-0 

MSS 

(64)/84 

75/68 

- 

(72)/29 

(61 )/77 

(62 )/77 

- 

- 

(26)* 

63/83* 

IS 

(64J/84 

(64)/68 

(50)/70 

(72)/- 

- 

- 

- 

- 

(26)* 

■WU 


HI 

KSMI 


K@!S 

- 

- 

- 


mmm 


CP 

MSS 

(58)/85 

46/69 

- 

(61)/30 

(54)/66 

(58)/66 

( 22 ) 

- 

( 22 ) 


IS 

(58) 

(42) 

(43) 

(61)/- 

- 

- 

( 22 ) 

- 

( 22 ) 

(54) 

LSS 

(58) 

(42) 

(43) 

(61)/- 

- 

- 

( 22 ) 

- 

( 22 ) 

(54) 

2 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


IS 

— /55 

— /39 

— /41 

- 

- 

- 

- 

- 

- 

— /54 


— /55 

— /39 

— /41 

- 

- 

- 

- 

- 

- 

— /54 

SIO 0 .SIO 3 

■SI 


| 

| 




| 

| 


mem 


NOTES: 

1 . A “ - ’ means the delay path does not exist. 


2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*” is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two 
Instruction Test. 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. If two delays are given, the first is for 1st divide and normalization: the second is for two’s complement divide and two’s complement divide 
correction. 


Double Length Normalize and First Divide Op 

Two’s Complement Divide 

Two’s Complement Divide Correction and Remainder 

SFA: F=S+C n 

SFC: F = R + S + C n if Z = 0 

SFE: F = R+S + C n if Z = 0 

Y=Log. 2F 

F = S-R-1 + C n if Z = 1 

F = S-R-1 + C n ifZ = 1 

Q = Log. 2Q 

Y = Log. 2F 

Y = F 

SI0 3 =F 3 © R (MSS) 

Q = Log. 2Q 

Q = Log. 2Q 

C n + 4 =F 3 0 F 2 (MSS) 

SI0 3 =05-R 3 (MSS) 

Z=F, 0 R 3 (MSS) from previous cycle 

OVR = R m F, (MSS) 

Z = hj 0 H 3 (MSS) from previous cycle 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED COMMERCIAL RANGE PERFORMANCE BCD INSTRUCTIONS 
(SF1 , SF7, SF9, SFB, SFD, SFF) 


FROM 

TO 

SLICE 

D 

Cn+4 

G.P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0 . 3 

SIO 0 

sio 3 

SlOo 

PARITY 

A. B Addr 

MSS 

72 

60 

- 

(74) 

68 

68 

(28) 

- 

- 

55 

(62) 

(78) 

IS 

72 

60 

55 

(74) 

- 

- 

(28) 

- 

- 

55 

(62) 

(78) 

LSS 

72 

60 

55 

(74) 

- - 

- 

(28) 

- 

- 

55 

(62) 

(78) 

DA. DB 

MSS 

61 

52 

- 

■9 

59 

59 

- 

- 

- 

45 

(59) 

■H 

IS 

61 

52 

48 

(65) 

- 

- 

- 

- 

- 

45 

(59) 

(65) 

LSS 

61 

52 

48 

(65) 

- 

- 

- 

- 

- 

45 

(59) 

(65) 

Cn 

MSS 

36 

23 

- 

37 

33 

33 

- 

- 

- 

30 

36 

44 

IS 

36 

23 

- 

37 

- 

- 

- 

- 

- 

30 

36 

44 

LSS 

36 

23 

- 

37 

- 

- 

- 

- 

- 

30 

36 

44 

Uo 

MSS 

72 

(64) 

- 

(72J/45 1 2 3 

62 

(62) 

- 

- 

(26) 

(50) 

(62) 

(74) 

IS 

72 

(64) 

63 

(72)/45 1 

- 

- 

- 

- 

(26) 

(50) 

(62) 

(74) 

LSS 

72 

(64) 

63 

(72J/45 1 

- 

- 

- 

(34) 

(26) 

(50) 

(62) 

(74) 

CP 

MSS 

62 

53 

- 

68/30 1 

62 

62 

(22) 

- 

(22) 

39 

60 

65 

IS 

62 

53 

50 

68/30 1 

- 

- 

(22) 

- 

(22) 

39 

60 

65 

LSS 

62 

53 

50 

68/30 1 

- 

- 

(22) 

- 

(22) 

39 

60 

65 

SIOo-3 

Any 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1. Binary-to-BCD and multiprecision Binary-to-BCD instructions only. 

2. BCD-to-binary conversion (SF1). Binary-to-BCD conversion (SF9), BCD subtract (SFD, SFF). BCD divide by two (SF7), BCD add (SFB) 

3. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions 
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

































































































































































IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED COMMERCIAL RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

IP 

SLICE 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIOO' 3 

SI0 3 


MSS 

97 

84 

- 

45 

89 

89 

(28) 

- 

- 

105 

A, B Addr 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 


(62) 


LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 


(62) 


MSS 

94 

79 

- 

40 

84 

84 

- 

- 


100 

DA. DB 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 


(59) 


Ml&l 

■HI 

MUM 

MUM 







WE&M 


MSS 

(33) 

(18) 

- 

- 

32 

(27) 

- 

- 


(30) 

C n 

IS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 


(30) 


LSS 

(33) 

(18) 

- 

- 

- 

- 

- 

- 


(30) 


MSS 

85 

67 

- 

28 

82 

73 

- 

- 

(26) 

88* 

U-o 

IS 

85 

67 

63 

- 

- 

- 

- 

- 

(26) 



HS^H 

85 

67 

63 

- 

- 

- 

- 

(34) 


88* 


MSS 

94 

79 

- 

40 

84 

84 

(22) 


(22) 

100 

CP 

IS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(54) 


LSS 

(58) 

(42) 

(43) 

- 

- 

- 

(22) 

- 

(22) 

(54) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


z 

IS 

57 

39 

35 

- 

- 

- 

- 

- 

- 

60 


1551 

57 

39 

35 

- 

- 

- 

- 

- 

- 

60 

SIO 0 , SI0 3 

msm 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 


2. An “*' means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 

3. A number in parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. This speci 
fication is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF5: F=S+C n if Z = 0, Y 3 =S 3 © F 3 (MSS), Q = Q 

F = S + C n if Z = 1, Z = S 3 (MSS), N = F 3 if Z = 0 

N = F 3 0S 3 if Z = 1 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 COMMERCIAL RANGE PERFORMANCE SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

Y 

EH 

G, P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0j 3 

SI0 3 


MSS 

(67) 

- 

_ 

- 

- 

- 

■m 

- 

- 

(62) 

A, B Addr 

IS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 


LSS 

(67) 

(55) 

(52) 

- 

- 

- 

(28) 

- 

- 

(62) 


MSS 

(58) 

- 

- 

- 

- 

- 

- 

- 

- 

(59) 

DA, DB 

IS 

(58) 

(50) 

(40) 

- 

- 

- 

- 

- 

- 

(59) 


■IdJI 


Bl 

1831 






■ 



MSS 

(33) 

- 

- 

- 

- 

- 

- 

- 

- 

■9 

C n 

IS 

(33) 

(18) 

- 

- 

- 

- 

■' - 

- 

- 

(30) 


■S3 

(33) 

(18) 

- 

- 

- 

- 

- 

- 

- 

(30) 


MSS 

(64) 

37 

- 

29 

24 

24 

- 

- 

(26) 

(62)* 

'a-o 

IS 

(64) 

(64) 

(50) 

29 

- 

- 

- 

- 

(26) 

CD 

ro 

* 


ns 


KB 


29 

- 

- 

- 

(34) 


mmm 


MSS 

(58) 

29 

- 

30 

26 

29 

(22) 

- 

(22) 

(54) 

CP 

IS 

(58) 

(42) 

(43) 

30 

- 

- 

(22) 

- 

(22) 

(54) 


LSS 

(58) 

(42) 

(43) 

30 

- 

- 

(22) 

- 

(22) 

(54) 

SIO 0 . SI0 3 

Any 

(23) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 

3. A number is parantheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. This speci- 
fication is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 

4. SF 8 :F = S + C n C n +4 © Q 2 (MSS) OVR = Q 2 © Q,(MSS) 

N = Q,(MSS) 2 = 00(2,0203 
Y=F 

Q = LOG 2Q 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED MILITARY RANGE 
PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT39C203 over the military operating range of -55°C to + 125°C 
with V cc from 4.5 to 5.5V. All data are in nanoseconds, with inputs 
switching between 0 and 3V at 1 V/ns and measurements made at 
1.5V. All outputs have maximum DC load. 


Table 9. Clock and Write Pulse Characteristics All Functions 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

30ns 


Table 10. Enab le/Disable Times All Functions (1) 


FROM 

TO 

ENABLE 

DISABLE 

OEy 

Y 

25 

21 

OEs 

DB 

25 

21 

E£ 

DA 

25 

21 

u 

SIO 

25 

21 

u 

QIO 

38 

38 

Is. 7, 6.5 

QIO 

38 

38 

U. 3. 2 1.0 

QIO 

38 

35 

ESS 

WRITE 

30 

25 


NOTE: 

1 . C L = 5.0pF for output disable tests. Measurement is made to a 
0.5V change on the output. 


Table 11. Set-up and Hold Times All Functions 




HIGH-TO-LOW 

LOW-TO-HIGH 




IpWL J 

\ A 


FROM 

WITH RESPECT TO 

SET-UP 

HOLD 

SET-UP 

HOLD 

COMMENTS 

Y 

CP 

Don't Care 

Don’t Care 

14 

3 

Store Yin RAM/Q' 1 * 

WE HIGH 

CP 

15 

IPWL 

0 

Prevent Writing 

WE LOW 

CP 

Don’t Care 

Don't Care 

15 

0 

Write into RAM 

A. B Source 

CP 

20 

3 

Don’t Care 

Don’t Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

7 

PWL 

3 

Write Data into B Address 

QIQj,3 

CP 

Don't Care 

Don’t Care 

17 

3 

Shift Q 

Is. 7. 6.5 

CP 

12 

- 

20 

0 

Write into Q <2) 

TER HIGH 

CP 

24 

7 

PWL 

0 

Prevent Writing into O 

TER LOW 

CP 

Don't Care 

Don’t Care 

21 

0 

Write into Q 

U. 3. 2, 1,0 

CP 

18 

- 

32 

0 

Write into Q (2) 


NOTES: 

1 . The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = L) 

2. The set-up time with respect to CP failing edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. For a!! ether set-up conditions not specified in this table, the set-up time should be the delay to stable Y output plus the Y to RAM internal set-up 
time. Even if the RAM is not being loaded, this set-up condition ensures valid writing into the Q register and sign compare flip-flop. 

4. WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. To prevent writing, TER and 
WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE LOW and 
IEN LOW set-up times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH. 

5. A and B addresses must be set up prior to the clock HIGH-TO-LOW transition to latch data at the RAM output. 

6. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

7. Because Isj.e.s controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock LOW time unless TER is HIGH, 
which prevents writing. 

8. The set-uptime prior to the clock LOW-TO-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-TO-LOW transition and the clock 
LOW time. The actual set-up time requirement on 14,3,2,1,0 relative to the clock LOW-TO-HIGH transition is the longer of (1) the set-up time prior to 
clock L — ► H and (2) the sum of the set-up time prior to clock H — ► L and the clock LOW time. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED MILITARY RANGE PERFORMANCE 

STANDARD FUNCTIONS AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 


FROM 

TO 

D 

C n +4 

5,P 

Z 

N 

OVR 

DA, 

DB 

WRITE 

Qio 0 ,3 

SIO 0 

S10 3 

SlOo 

PARITY 

A, B Addr 

70 

58 

52 

78 

68 

67 

28 

- 

- 

47 

71 

84 

DA, DB 

60 

52 

40 

66 

55 

58 

- 

- 

- 

35 

61 

74 

Cn 

35 

19 

- 

41 

31 

29 

- 

- 

- 

23 

33 

40 

'8-0 

72 

69 

56 

80 

71 

69 

- 

36 

26* 

58* 

75* 

89* 

CP 

60 

42 

43 

67 

55 

58 

22 

- 

22 

41 

61 

66 

SI0 0 , SIO 3 

26 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

19 

MSS 

44 

- 

44 

44 

44 

44 

- 

- 

- 

- 

44 

- 

Eft 

60 

52 

40 

66 

55 

58 

- 

- 

- 

35 

61 

74 


NOTES: 

1 . A ' — ” means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an “*’ is the delay to correct 
data on an enabled output. 

3. Standard Functions: See Table 2, Increment SF4: F = S+1 + C n and Decrement SF3: F = S - 2 + C n ' 


MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM 

TO 

SLICE 

D 

C n + 4 

c5,F 

Z 

N 

OVR 

DA, 

DB 

WRITE 

QIO 0 , 3 

SlOo 

A. B Addr 

MSS 

mm 

(58) 

- 

- 

■HI 

■kul 

mm 

- 

. - 


IS 

(70) 

(58) 

(52) 

- 

_ 

- 

(28) 

- 

- 

(47) 

LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(47) 

DA, DB 

MSS 

(60) 

(52) 

- 

- 

(55) 

(58) 

- 

- 

- 

(35) 

IS 

(60) 

(52) 

(40) 

- 

- 

- 

- 

- 

- 

(35) 


mm 

■U2H 

K3H 






■ 

m 

C n 

MSS 

40 

(19) 

- 

- 

(31) 

(29) 

- 

- 

- 

(23) 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(23) 


(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(23) 

mm 

MSS 

108 

84 

- 

- 

98 

98 

- 

- 

(26) 

81* 

4 IS 

108 

84 

80 

- 

- 

- 

- 

- 

(26) 

81* 


108 

84 

80 

33 

- 

- 

- 

wrnmm 


81* 

CP 

MSS 

62 

(42) 

- 

- 

(55) 

(58) 

( 22 ) 

~ 

( 22 ) 


IS 

(60) 

(42) 

(43) 

- 

- 

- 

( 22 ) 

~ 

( 22 ) 

(41) 

LSS 

109 

85 

79 

34 

- 

- 

( 22 ) 

~ 

( 22 ) 

82 

z 

MSS 

75 

51 

- 

- 

65 

65 

- 

~ 

- 

48 

IS 

75 

51 

47 

- 

- 

- 

- 

~ 

- 

48 


- 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

SlOo, SI0 3 


(26) 

- 

- 

- 

- 

- 

- 

- 

- 

- 


NOTES: 

1 . A “ - " means the delay path does not exist. 

2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 


3. A number in parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 


4. Unsigned Multiply 
SFO: F = S+C n if Z = 0 
F = S+ R + C n if Z = 1 
Y=Log. F/2 
Q = Log. Q/2 
Y 3 =C n+ 4 (MSS) 

Z = Q 0 (LSS) 


Two's Complement Multiply 
SF2: F = S+C„ if Z = 0 
F = R+S + C n if Z = 1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 =F 3 ©OVR (MSS) 
Z = O 0 (LSS) 


Two’s Complement Multiply Last Cycle 
SF6: F = S+C n if Z = 0 

F = S-R-1 +C n if Z=1 
Y = Log. F/2 
Q = Log. Q/2 
Y 3 = OVR © F 3 (MSS) 

Z = Q 0 (LSS) 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED MILITARY RANGE PERFORMANCE DIVIDE INSTRUCTIONS (SFA, SFC, SFE) 


FROM 

TO 

SLICE 

Y 

Cn+4 


Z 

N 

OVR 

DA, 

DB 

WRITE 

qio 0(3 

SI0 3 


MSS 

(70) 

72/(58) 

- 

(78)/- 

(68) 

(67) 

(28) 

- 

- 

■m 

A. B Addr 

IS 

(70) 

(58) 

(52) 

(78)/- 

- 

- 

(28) 

- 

- 

(71) 


LSS 

(70) 

(58) 

(52) 

(78)/- 

- 

- 

(28) 

- 

- 

(71) 


MSS 

(60) 

66/(52) 


(66)/- 

(55) 

(58) 

- 

- 

- 

(61) 

DA, DB 

IS 

(60) 

(52) 

(40) 

(66)/- 

- 

- 

- 

- 

- 

(61) 


1IA1 

Hifl 

■&H 

KH 

■m 






■mm 


MSS 

(35) 

37/(19) 

- 

(41)/- 

(31) 

(29) 

- 

- 

- 

36 

c„ 

IS 

(35) 

(19) 

- 

(41)/- 

- 

- 

- 

- 

- 

(33) 


■EE1 

(35) 

(19) 

- 

(41)/- 

- 

- 

- 

- 

- 

(33) 


MSS 

(72)/96 

89/79 

- 

(80J/33 

(71)/91 

(69)/91 

- 

- 

(26) 

76/98 

•s-o 

IS 

(72)/96 

(69)/79 

(56)/79 

(80)/- 

- 

- 

- 

- 

(26) 



BK1 

IB 



H33JB 

- 

- 

- 


■Kkn 

in 


MSS 

(60)/97 

51/80 

- 

(67J/34 

(55)/74 

(58)/74 

(22) 

- 

(22) 

(61)/93 

CP 

IS 

(60) 

(42) 

(43) 

(67)/- 

- 

- 

(22) 

- 

(22) 

(61) 


LSS 

(60) 

(42) 

(43) 

(67)/- 

- 

- 

(22) 

- 

(22) 

(61) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


z 

IS 

— /63 

— /46 

— /46 

- 

- 

- 

- 

- 

- 

— /65 


MSMI 

— /63 

MM 

— /46 
' 

- 

- 

- 

- 

- 

- 

— /65 

SIOq, SI0 3 

■SI 

(26) 



- 

- 

- 

- 

- 

- 



NOTES: 

1 . A * - ” means the delay path does not exist. 

2. An **” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "** is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two 
Instruction Test. 


3. 

4. 


A number in parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 


Double Length Normalize and First Divide Op 
SFA: F = S+C n 
Y=Log. 2F 
Q = Log. 2Q 
SI0 3 =F 3 © R 3 (MSS) 

C n+ 4 =F 3 © F 2 (MSS) 

OVR = Fj 0 F, (MSS) 

Z = Q 0 Q lQ2^3^) Fi ^ F 3 


Two's Complement Divide 
SFC: F = R+S + C n ifZ = 0 
F = S-R-1 + C n if Z= 1 
Y = Log. 2F 
Q = Log. 2Q 
SI0 3 = F 3 © R 3 (MSS) 

Z = F 3 "© R 3 (MSS) from 
previous cycle 


Two’s Complement Divide Correction and Remainder 
SFE: F = R + S+C n if Z = 0 
F = S-R-1 + Q, if Z = 1 
Y = F 

Q = Log. 2Q 

Z = F 3 © R 3 (MSS) from previous cycle 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED MILITARY RANGE PERFORMANCE BCD INSTRUCTIONS 
(SF1, SF7, SF9, SFB, SFD, SFF) 



CP 

MSS 

67 

IS 

67 


LSS 

67 

SIOo-3 

Any 

(26) 


NOTES: 

1. Binary-to-BCD and multiprecision Binary-to-BCD instructions only. 

2. BCD-to-binary conversion (SF1), Binary-to-BCD conversion (SF9). BCD subtract (SFD, SFF). BCD divide by two (SF7), BCD add (SFB) 

3. A number is parentheses means the delay path is the same as specified in the Standard Functions and I ncrement by O ne or Two I nstructions Table. This 
specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test. 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 GUARANTEED MILITARY RANGE PERFORMANCE 
SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM 

TO 1 

SLICE 

Y 

Cn + 4 

c5,P 

z 

N 

OVR 

DA, 

DB 

Km 

QlOo, 3 

SI0 3 

A, B Addr 

MSS 

114 

98 

- 

52 

106 

106 

m 

- 

- 

128 

IS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

~ 


(71) 

LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 


(71) 

DA. DB 

MSS 

108 

92 

- 

46 

101 

101 

- 

- 

- 

112 

IS 

(60) 

(52) 

(40) 

- 

. - 

- 

- 

- 

- 

(61) 



HU! 

KSI 







warn i 

c„ 

MSS 

36 

KfeH 

- 

- 

35 

MIMM 

- 

- 

- 

n 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 


(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 

mm 

MSS 

98 

79 

- 

33 

97 

88 

- 

- 

(26) 

109* 

IS 

98 

79 

73 

- 

- 

- 

- 

- 

(26) 

109* 


98 

79 

73 

- 

- 

- 

- 

m 

nsn 

109* 

CP 

MSS 

108 

92 

- 

46 

101 

101 

( 22 ) 

- 

( 22 ) 

122 

IS 

(60) 

( 42 ) 

( 43 ) 

- 

- 

- 

( 22 ) 

- 

( 22 ) 

( 61 ) 

LSS 

(60) 

( 42 ) 

( 43 ) 

- 

- 

- 

( 22 ) 

- 

( 22 ) 

( 61 ) 

Z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 


IS 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

■gl 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

SIOo. SI0 3 

■SSI 

■m 


HA 


mnm 

| 

■ 





NOTES: 

1 . A “ - " means the delay path does not exist. 


2. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 

3. A number is parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF5: F=S + C n if Z = 0, Y 3 =S 3 © F 3 (MSS). Q = Q 

F=3+Cn if Z = 1 , Z = S 3 (MSS), N = F 3 if Z = 0 

Y=F N = F 3 ® S 3 if Z = 1 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


1DT39C203 GUARANTEED MILITARY RANGE PERFORMANCE SINGLE LENGTH NORMALIZATION (SF8) 


FROM 

TO 

SLICE 

D 

Cn + 4 

G ,P 

z 

N 

OVR 

DA, 

DB 

WRITE 

qio 0>3 

sio 3 


MSS 

mm 

- 

- 

- 

- 

- 


- 

- 

mm 

A, B Addr 

IS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 


LSS 

(70) 

(58) 

(52) 

- 

- 

- 

(28) 

- 

- 

(71) 


MSS 

(60) 

- 

- 

- 

- 

- 

- 

- 

- 

(61) 

DA. DB 

IS 

(60) 

(52) 

(40) 

- 

- 

- 

- 

- 

- 

(61) 


B1SB 


BSSB 





B 



■NdlB 


MSS 

RS ■ 

B 








SB 

C n 

IS 

(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 



(35) 

(19) 

- 

- 

- 

- 

- 

- 

- 

(33) 


MSS 

(72) 

47 

- 

33 

27 

27 

- 

- 

(26) 

(75)* 

•a-o 

IS 

(72) 

(69) 

(56) 

33 

- 

- 

- 

- 

(26) 

(75)* 




■mm 

■(£■ 

33 

- 

■ - 

- 

(36) 

B&)B 

mrnrn 


MSS 

■mm 

31 

- 

34 

26 

31 

K4I 

- 

(22) 

(61) 

CP 

IS 

(60) 

(42) 

(43) 

34 

- 

- 

(22) 

- 

(22) 

(61) 


LSS 

(60) 

(42) 

(43) 

34 

- 

- 

(22) 

- 

(22) 

(61) 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Z 

IS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



B 

B 

bbb 



B 

B 

B B 

B 


SIO0.SIO3 

msm 

m 

kh 

■bb 

■bh 

■BB 

■ 

■ B 





NOTES: 

1 . A “ — " means the delay path does not exist. 


2. An “*” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an is the delay to correct 
data on an enabled output. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or 
Two Instruction Test. 

3. A number in parentheses means the delay is the same as in the Standard Functions and Increment by One or Two Instructions Table. 

4. SF8: F = S+C n C n+4 = Q, © Q 2 (MSS) OVR = Q, © Q,(MSS) 

N = Q, (MSS) Z=Q(AQ2Q 3 
Y = F 

Q = Log. 20 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C203 INPUT/OUTPUT 
INTERFACE CIRCUITRY 



Figure 3. Input Structure (All Inputs) 


Vcc 



Figure 4. Output Structure (All Outputs) 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 6 


TEST LOAD CIRCUIT 


Vcc 

O 


Pulse 

| V|N 

D.U.T. 

VOUT f 

1 

Generator 

H 

n 

n 




O — • 7.0V 


C L > 5000 


SWITCH POSITION 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to Z^ UT of the 
Pulse Generator 


Figure 6. Switching Test Circuits (All Outputs) 


SWITCHING WAVEFORMS 
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IDT39C203/A 4-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


39C203 

DT Device Type 


X 

Speed 


X X 


Package Process/ 


Tempe 

Rar 

rature 

ge 





Blank 

B 


P 

C 

L 


Commercial (0°Cto +70°C) 

Military (-55° C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
Sidebraze DIP 
Leadless Chip Carrier 


I Blank Standard Speed 4-Bit Slice 

1 A High-Speed 4-Bit Slice 
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1 6-WORD-BY-4-BIT 
DUAL-PORT RAM 


IDT39C705A/B 

IDT39C707/A 


MICROSLICE™ PRODUCT 


FEATURES: 

• Fast 

— Available in either industry-standard speed or 20% speed 
upgraded versions 

• Low-power CEMOS™ 

— Military: 50mA (max.) 

— Commercial: 40mA (max.) 

• 16-word x 4-bit dual-port CMOS RAM 

• Non-inverting data output with respect to data input 

• Easily cascadable with separate Write Enables 

• Separate 4-bit latches with enables for each output port 
(IDT39C707/A has separate output control) 

• IDT39C705A/B pin-compatible to all versions of the 29705 

• IDT39C707/A pin-compatible to all versions of the 29707 

• Available in CERDIP, Plastic DIP, LCC and SOIC 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT39C705S are high-performance 16-word-by-4-bit dual- 
port RAMs. Addressing any of the 16 words is performed via the 
4-bit A address field with the data appearing on the A output port. 
The same respective operation holds true for the B address input/ 
output port and can happen simultaneously with the A port 


operation. New incoming data is written into the 4-bit RAM word 
selected by the B address. The D inputs are used to load new data 
into the device. 

Featured ?re two separate output ports which allow any two 4-bit 
words to be read from these outputs si multaneously. Also featured 
is a 4-bit latch for each of the two output ports with a common Latch 
Enable (LE]_input being used to control all eight latches. Two Write 
Enable (WE) inputs are designed such that Write Enable 1 (WEi) 
and Latch Enable (LE) inputs can be connected to the RAM to op- 
erate in an edge-triggered mode. The Write Enable inputs control 
the writing of new data into the RAM. Data is written into the B 
address field when both Write Enables are LOW. If either of the 
Write Enables are HIGH, no data is written into the RAM. 

Three-state outputs allow several devices to be easily cascaded 
for increased memory size. When OEAinputis HIGH, the A output 
port is in the high impedance mode. The same respective opera- 
tion occurs for the OEb input. 

The I DT39C707s function identically to the IDT39C705S, except 
each output port has a separate Latch Enable (LE) input. Also, an 
extra Write Enable (WE) may be connected directly to the IEN of 
the IDT39C203/A for improved cycle times when compared to the 
IDT39C705s. The WE/BLE input can then be connected directly to 
the system clock. 

These performance-enhanced, pin-compatible replacements 
for all respective versions of the 29705s and 29707s are fabricated 
using IDT’s high-speed, high-reliability CEMOS technology. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 


A a 

A 2 

A, 

A 0 

WE, 

WE 2 

A lc 

OEa 


IDT39C705A/B 
D, D z D 3 



b 3 

b 2 

B, 

B 0 


LE 


OEp 


YAo YA, YA Z YA 3 


YB 0 YB, YB Z YB 3 


CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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IDT39C705A/B AND IDT39C707/A 
16-WORD-BY-4-BIT DUAL-PORT RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL BLOCK DIAGRAM 

IDT39C707/A 


A 3 

A 2 

a i 

A 0 


ALE 


OE a 


d 0 d, d 2 d 3 



B3 

b 2 

Bi 

B 0 


WE, 

WE 2 

WE/BLE 


OE b 


YA 0 YA, YA 2 YA 3 YB 0 YB, YB 2 YB 3 


PIN CONFIGURATIONS 


IDT39C705A/B 


IDT39C707/A 



DIP/SOIC 
TOP VIEW 


v cc 

D 2 

we 2 

A 0 

Ai 

A 2 

Aa_ 

OEa 

OE b 

ya 3 

yb 3 

ya 2 

YB, 



v cc 

D 2 

El 

we 2 

A 0 

Ai 

A 2 

A3 

OE a 

OE b 

ya 3 

yb 3 

ya 2 

yb 2 



LCC 

TOP VIEW 


LCC 

TOP VIEW 







IDT39C705A/B AND IDT39C707/A 
16-WORD-BY-4-BIT DUAL-PORT RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTIONS 


PIN NAME 

I/O 

DESCRIPTION 


1 

Four address inputs at the A address decoder which select one of the 16 memory words for output through the 

A port. 

Bo"B 3 

1 

‘Four address inputs at the B address decoder which select one of the 16 memory words for output through the 

B port. The B address field also selects the word into which new data is written. 

D 0 -Dj 

1 

Four inputs for writing new data into the RAM. 

YA0-YA3 

0 

Four three-state A Data Latch outputs which display A port data and also allow several devices to be easily cascaded. 

YBo-YB 3 

0 

Four three-state B Data Latch outputs which display B port data and also allow several devices to be easily cascaded. 

LE 

1 

The LE input controls the RAM A Data Latch and B Data Latch. When the LE input is HIGH, the latches are open 
(transparent) and the output data from the RAM is selected by the A and B address fields. When LE is LOW, the latches 
are closed and they retain the last data read from the RAM independent of changes in the A and B address fields 
(IDT39C705A/B only). 

a lo 

1 

This input is used to force the A Data Latch. When A L0 input is HIGH, the A Latches operate in their normal fashion. 
Once the A Latches are forced LOW they remain LOW independent of the A L0 input if the latches are closed 
(IDT39C705A/B only). 

ALE 

n 

This input controls the A Data Latch. When ALE is HIGH, the latch is open (transparent) and the data from the RAM, as 
selected by the A address field, is present at the A output. When ALE is LOW, the latch is closed and retains the last 
data read from the RAM independent of changes in the A address field (IDT39C707/A only). 

WE,, WE 2 

1 

When both Write Enables are LOW, new data can be written into the word selected by the B address fields. If either 
Write Enable input is HIGH, no new data can be written into the memory. 

WE/BLE 

1 

This input controls the writing of new data into the RAM and display of data at the B Data Latch output. When WE/BLE 
is LOW together with WE, and WE 2 , new data is written into the word selected by the B address fields. When WE/BLE 
or any other Write Enable input is HIGH, no data is written into the RAM. When WE/BLE is HIGH, the B Latch isopen 
(transparent) and, when this input is LOW, the B Data Latch is closed (IDT39C707/A only) . 

OE A 

1 

When the A port output enable is LOW, data at the A Data Latch inputs in presented at the YA| outputs. When OE A is 
HIGH, the YA, outputs are in the high-impedance (off) state. 

OE b 

1 

When the B port output enable is LOW, data at the B Data Latch inputs is presented at the YB , outputs. When OE b is 
HIGH, the YB, outputs are in the high-impedance (off) state. 


IDT39C705A/B FUNCTION TABLES 


WRITE CONTROL 


WE, 

we 2 

FUNCTION 

RAM OUTPUTS AT 
DATA-LATCH INPUTS 

A-PORT 

B-PORT 

L 

L 

Write D into B 

A Data (A A B) 

Input Data 

L 

L 

Write D into B 

Input Data (A = B) 

Input Data 

X 

H 

No Write 

A-Data 

B-Data 

H 

X 

No Write 

A-Data 

B-Data 


H = HIGH 
L = LOW 
X = Don't Care 


YA READ CONTROL 


INPUTS 

YA OUTPUT 

FUNCTION 

for=li 


mm 

n 

X 

B 

Z 

High Impedance 

L 

L 

n 

L 

Force YA LOW 

L 

H 

H 

A Port RAM Data 

Latches Transparent 
(Open) 

L 

H 

L 

NC 

Latches Retain Data 
(Closed) 


H = HIGH Z = High Impedance 
L = LOW NC = No Change 
X = Don’t Care 


YB READ CONTROL 


INF 

OEb 

UTS 

LE 

YB OUTPUT 

FUNCTION 

H 

X 

Z 

High Impedance 

L 

H 

B Port RAM Data 

Latches Transparent (Open) 

L 

L 

NC 

Latches Retain Data (Closed) 


H = HIGH Z = High Impedance 
L = LOW NC = No Change 
X = Don’t Care 
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IDT39C705A/B AND IDT39C707/A 
16-WORD-BY-4-BIT DUAL-PORT RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C707/A FUNCTION TABLES 
WRITE CONTROL 


WE, 


WE/BLE 

FUNCTION 

RAM OUTPUTS 

AT LATCH INPUTS 

A PORT 

B PORT 

L 

L 

L 

Write D into B 

A Data (A A B) 

Input Data 

MM 

■a 

H 

No Write 

A-Data 

B-Data 

X 

H 

X 

No Write 

A-Data 

B-Data 

H 

X 

X 

No Write 

A-Data 

B-Data 


H = HIGH 
L = LOW 
X = Don’t Care 


YA READ CONTROL 


HU 

EH9 

mm 

wm 

YA OUTPUT 

FUNCTION 

H 

X 

Z 

High Impedance 

D 

H 

A Port RAM Data 

Latches Transparent (Open) 

B 

L 

NC 

Latches Retain Data (Closed) 


H = HIGH Z = High Impedance 
L = LOW NO = No Change 

X = Don’t Care 


YB READ CONTROL 


INPUTS 

YB OUTPUT 

FUNCTION 

Ola 

WE/BLE 

H 

X 

Z 

High Impedance 

L 

H 

B Port RAM Data 

Latches Transparent (Open) 

L 

L 

NC 

Latches Retain Data (Closed) 


H = HIGH Z = High Impedance 
L = LOW NC = No Change 
X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (1> 



RATING 

COMMERCIAL 

MILITARY 



Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

H 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

ifci 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'out 

DC Output Current 

30 

30 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to + 125°C 

OV 

■ 

Commercial 

0°C to +70°C 

ov 

5.0V ± 5% 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

| CONDITIONS 

TYP. 

UNIT 

'“’IN 

Input Capacitance 

> 

o 

II 

z 

> 

5 

pF 

C OUT 

Output Capacitance 

^OUT = 0V I 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


















































































IDT39C705A/B AND IDT39C707/A 

16-WORD-BY-4-BIT DUAL-PORT RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified: 

T A = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 

Vhc=Vcc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS <’> 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic High Level ( 4 > 

2.0 

- 

- 

mm 

Ml 

Input LOW Level 

Guaranteed Logic Low Level ( 4 ) 

- 

- 

0.8 

V 

■lH 

Input HIGH Current 

Vcc 1 Max., V|n = V C c 

- 

0.1 

5 

pA 

'iL 

Input LOW Current 

V cc = Max., V( N = GND 

- 

-0.1 

-5 

pA 

VoH 

Output HIGH Voltage 

V C c = Min. 

V, N =V IH Ml 

Iqh — -300pA 

Vhc 

o< 

o 

- 

■ 

l 0H = -12mA MIL. 

d 

mm 

- 

Iqh = -15mA COM'L. 

mm 

mm 

- 

VOL 

Output LOW Voltage 

Vcc = Min. 

Mn =Mh or Ml 

Iqi_ — 300jjA 

- 

GND 

V L c 

V 

l 0L = 20mA MIL. 

~ 

0.3 

0.5 

Iql = 24mA COM’L. 

- 

0.3 

0.5 

•oz 

Off State (High Impedance) 

Output Current 

V cc = Max. 

6e = m h 

V 0 = 0V 

- 

-0.1 


pA 

V 0 = V cc Max. 

- 

0.1 

10 

bs 

Output Short Circuit Current 

V co = Min., V OUT = 0V < 3 > 

-15 

- 

- 

mA 

bcoH 

Quiescent Power Supply Current 
WE = H 

V cc = Max. 

Vhc 5 V|H , V|L < Vlc 
f WE = 0, WE = H 

■ 

3 

5 

mA 

m 

Quiescent Power Supply Current 
WE = L 


■ 

3 

5 

mA 

*CCT 

Quiescent Input Power Supply 
Current (per Input @ TTL High) (5) 

V cc = Max..V IN = 3.4V, f WE = 0 

m 

0.3 

0.5 

mA/ 

Input 

bco 

Dynamic Power Supply Current 

\fcc = Max. 

Vhc - V| H , Vil 2 V LC 

Outputs Open, OE = L 

MIL 

- 

1.7 

3.5 

mA/ 

MHz 

COM'L. 

- 

1.7 

2.5 

■ 

(6) 

Total Power Supply Current 

Vcc = Max., fwE 10MHz 

Outputs Open, OE = L 

WE = 50% Duty cycle 

Vhc 2 Vih , Vil < Vlc 

MIL 

- 

20 

40 

mA 

COM’L. 

- 

20 

30 

\fec = Max., fwE = 10MHz 

Outputs Open, OE = L 

WE = 50% Duty cycle 

Vih = 3.4V, Vil = 0.4V 

MIL 

- 

25 

50 

COM’L. 

- 

25 

40 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 

5. leer is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out U C0H , then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

be = bcoH (WE h ) + Iccql (1 “ WE h ) + Icct (N t x D h ) + I CC d (*we) 

WE h = Write duty cycle high period. 

D h = Data duty cycle 7TL high period (V, N = 3.4V). 

Nf = Number of dynamic inputs driven at TTL levels. 
fwE = Write frequency. 
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IDT39C705A/B AND IDT39C707/A 
16-WORD-BY-4-BIT DUAL-PORT RAM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CMOS TESTING CONSIDERATIONS 

There are certain testing considerations which must be taken 
into account when testing high-speed CMOS devices in an 
automatic environment. These are: 

1) Proper decoupling at the test head is necessary. Placement of 
the capacitor set and the value of capacitors used is critical in 
reducing the potential erroneous failures resulting from large 
Vcc current changes. Capacitor lead length must be short and 
as close to the OUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
Improper device operation and possible latchup. 


3) Definition of input levels is very important. Since many inputs 
may change coincidentally, significant noise at the device pins 
may cause the Viand Vih levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT 
recommends using Vn. < OV and Vih > 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial 
decoupling between power and ground planes is required. The 
ground plane must be sustained from the performance board to 
the DUT interface board. All unused interconnect pins must be 
properly connected to the ground pin. Heavy gauge stranded 
wire should be used for power wiring and twisted pairs are 
recommended to minimize inductance. 


AC ELECTRICAL CHARACTERISTICS 


PARAMETERS 

FROM 

TO 

TEST CONDITIONS 

IDT39C705A 

IDT39C707 

IDT39C705B 

IDT39C707A 

UNIT 






COM’L 

MIL 

COM’L. 

MIL 


Access Time 

A or B Address 

Stable 

YA Stable or 

YB Stable 

LE = 

HIGH 

25 

30 

20 

24 

ns 

Turn-on Time 

OE a or OE b LOW 

YA or YB Stable 


20 

20 

16 

16 

ns 

Turn-off Time 

OE a or OE b HIGH 

YA or YB Off 

Cl = 

5pF 

20 

20 

16 

16 

ns 

Reset Time 

A lo LOW 

YALOW 


20 

20 

16 

16 

ns 

Latch Enable Time 

LE HIGH 

YA and YB Stable 


20 

22 

16 

16 

ns 

Transparency 

WE, and WE 2 LOW 

YA or YB 

LE = 

HIGH 

30 

35 

22 

24 

ns 

D 

YA or YB 

LE = 

HIGH 

30 

35 

22 

24 

ns 


MINIMUM SETUP AND HOLD TIME 


PARAMETERS 

FROM 

TO 

TEST CONDITIONS 

IDT39C705A 

IDT39C707 

IDT39C705B 

IDT39C707A 

UNIT 





COM’L 

MIL 

COM’L 

MIL 


Data Set-up Time 

D Stable 

Either WE HIGH 


12 

15 

9 

12 

ns 

Data Hold Time 

Either WE 

D Changing 


0 

0 

0 

0 

ns 

Address Set-up Time 

B Stable 

Both WE LOW 


6 

8 

4 

6 

ns 

Address Hold Time 

Either WE HIGH 

B Changing 


0 

0 

0 

0 

ns 

Latch Close Before 

LE LOW 

WE, LOW 

we 2 low 

0 

0 

0 

0 

ns 

Write Begins 

LE LOW 

WE Z LOW 

WE, LOW 

0 

0 

0 

0 

ns 

Address Set-up 

Before Latch Closes 

A or B Stable 

LELOW 


12 

15 

9 

12 

ns 


MINIMUM PULSE WIDTHS 


PARAMETERS 

INPUT 

PULSE 

TEST CONDITIONS 

IDT39C705A 

IDT39C707 

IDT39C705B 

IDT39C707A 

UNIT 





COM’L 

MIL 

COM’L. 

MIL. 


Write Pulse Width 

WE, 

HIGH-LOW-HIGH 

we 2 low 

15 

15 

12 

12 

ns 

we 2 

HIGH-LOW-HIGH 

WE, LOW 

15 

15 

12 

12 

ns 

A Latch Reset Pulse 

A io 

HIGH-LOW-HIGH 


15 

15 

12 

12 

ns 

Latch Data Capture 

LE 

LOW-HIGH-LOW 


15 

18 

12 

12 

ns 


NOTE: 

The IDT39C705B/707A meet or exceed all the specifications of the IDT39C705A/707. 
















































































































































IDT39C705A/B AND IDT39C707/A 
16-WORD-BY-4-BIT DUAL-PORT RAM 


MILITARY AND COMM ERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to Zout of the 
Pulse Generator 


TEST LOAD CIRCUITS 



Figure 1. Switching Test Circuit 


INPUT/OUTPUT INTERFACE CIRCUIT 


ESD 

PROTECTION 


INPUTS O VW- 

R 


-IX- 


A 


Figure 2. Input Structure 


v cc 



ORDERING INFORMATION 


IDT 


XXXXXXX 
Device Type/Speed 


XX X 

Package Process/ 

I Temperature 

Range 


Blank Commercial (0°C to +70°C) 

B Military (-55°C to + 125°C) 

Compliant to MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

L Leadless Chip Carrier 

SO Small Outline 1C (IDT39C705 only) 


39C705A Standard Speed Dual-Port RAM 

39C705B High-Speed Dual-Port RAM 

39C707 Standard Speed Dual-Port RAM 

39C707A High-Speed Dual-Port RAM 
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HIGH PERFORMANCE 
CMOS MICROCYCLE 
LENGTH CONTROLLER 


PRELIMINARY 

IDT49C25 

IDT49C25A 


MICROSLICE™ PRODUCT 


FEATURES: 

• Similar function to AMD’s Am2925 bipolar controller with 
improved speeds and output drive over full temperature and 
voltage supply extremes 

• Four microcode-controlled clock outputs allow clock cycle 
length control for 15 to 30% increase in system throughput. 
Microcode selects one of eight clock patterns from 3 to 10 
oscillator cycles in length 

• System controls for RUN/HALT and Single Step 

— Switch-debounced inputs provide flexible halt controls 

• Low input/output capacitance 

— 6pF inputs (typ.) 

— 8pF outputs (typ.) 

• CMOS power levels (5 jjW typ. static) 

• Available in 300 mil 24-pin plastic and ceramic THINDIP, 
28-pin LCC and PLCC packages and CERPACK 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than AMD's bipolar 
Am2900 series (5 jjA max.) 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49C25/A are singie-chip general purpose clock genera- 
tor/drivers built using IDT’s advanced CEMOS™, a dual metal 
CMOS technology. It has microprogrammable clock cycle length to 
provide significant speed-up over fixed clock cycle approaches and 
meets a variety of system speed requirements. 

The IDT49C25/A generate four different simultaneous clock out- 
put waveforms tailored to meet the needs of the IDT3900 CMOS 
family and other MOS and bipolar microprocessor-based systems. 
One of eight cycle lengths may be generated under microprogram 
control using the cycle length inputs, Li, U and L3. 

A buffered oscillator output, Fo, is provided for external system 
timing in addition to the four microcode controlled clock outputs, 
Ci, C2, C3 and C4. 

System control functions include RUN, HALT, Sin gle-Ste p, In- 
itialize and Ready/Wait controls. In addition, the FIRST/LAST input 
determines where a halt occurs an d the Cx in put determines the 
end point timing of wait cycles. WAITACK indicates that the 
IDT49C25/A are in a wait state. 


8 


FUNCTIONAL BLOCK DIAGRAM 


osc 


L 3 

•-2 

Li 


FIRST/EAST 

HALT 

RUN 

SSNC 

SSNO 

1 NTT 

WAITREQ 

READY 

C x 



Fo 

C 4 

C 3 

C 2 

Cl 


WAITACK 


CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATIONS 




NC 

WAlTREQ 

WaTTaC'R 

ROTJ 

EACT 

FIRST/CA3T 

OSC 


DIP/CERPACK 
TOP VIEW 


LCC/PLCC 
TOP VIEW 


PIN DESCRIPTIONS 


PIN NO. 

NAME 

I/O 

DESCRIPTION 

6. 7. 8. 9 

Ci , C 2 . C3, C 4 

0 

System clock outputs. These outputs are all active during every system clock cycle. Their timing is determined by 
clock cycle length controls, L 1t L 2 and L3. 

3. 4,5 

Li. L 2 . L 3 

1 

Clock cycle length control inputs. These inputs receive the microcode bits that select the microcycle lengths. They 
form a control word which selects one of the eight microcycle waveform patterns F 3 through F 10 . 

14 

Fo 

O 

The buffered oscillator output. F 0 internally generates all of the timing edges for outputs Ci, C 2 , C 3 , C4 and 
WAITACK. Fo rises just prior to all of the Ci, C2, C3, C4 transitions. 

18,19 

HALT and RUN 

1 

Debounced inputs to provide HALT control. These inputs determine whether the output clocks run or not. A LOW 
input on HALT (RUN = HIGH) will stop all clock outputs. 

17 

FIRST/EAST 

■ 

HALT time control input. A HIGH input in conjunction with a HALT command will cause a halt to occur when C 4 = 
LOW and C t = C 2 = C 3 = HIGH (see clock waveforms). A LOW input causes a HALT to occur when Ci = C 2 = 
C 3 = LOW and C 4 = HIGH. 

11, 10 

SSNO and 

SSNC 

1 

Single Step control inputs. These debounced inputs allow system clock cycle single stepping while HALT is acti- 
vated LOW. 

21 


1 

The Wait Request active LOW input. When LOW, this input will cause the outputs to halt during the next oscillator 
cycle after the Cx input goes LOW. 

23 

Cx 

1 

Wait cycle control input. The clock outputs respond to await request one oscillator clock cycle after Cx goes LOW. 
Cx is normally tied to any one of C 1, C2, C3 or C4. 

20 


0 

The Wait Acknowledge active LOW output. When LOW, this output indicates that all ciock outputs arc in tho “WAIT" 
state. 

2 

READY 

1 

The READY active LOW input is used to continue normal clock output patterns after a wait stage. 

22 

MT 

1 

The Initialize active LOW input. This input is intended for use during power up initialization-of the system. When 
LOW, all clock outputs run free regardless of the state of the Halt, Single Step, Wait Request and Ready inputs. 

16 

OSC 

1 

External oscillator input. (TTL level inputs.) 
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ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 


m 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to + 7.0 

D 

T a 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

100 

100 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
IN GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c. f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 




C IN 

Input Capacitance 

> 

o 

II 

z 

> 

6 

m 

PF 

C OUT 

Output Capacitance 

I V 0U T = 0V | 

8 

wm 

wm 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = 0°C to +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55° C to + 125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 

Vhc = Vcc ~ 0 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic High Level 

El 

- 

_ 


Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

■a 


•lH 

Input HIGH Current 

Mcc = Max.,V IN = V C c 

- 

- 

25 

pA 

■ 


Vcc — Max. 

V iN = 0.4V 

SSNO, SSNC, RUN. HALT 

- 

- 

eh 

mA 

FIRST/LAST 

- 

- 

ra 

Other Inputs 

- 

- 

-5 

pA 

V| 

Clamp Diode Voltage 

Vcc = Min., >n = -18mA 

- 

-0.7 

m 

mA 

•sc 

Short Circuit Current 

Vcc = Max.* 3) 

-60 

-120 

- 

mA 


Output HIGH Voltage 

Vcc = 3V.V in =V lc or V HC , l 0H = -32pA 

Vhc 

Vcc 

- 

V 

V cc = Min. 

Vn = Vh or V tL 

Iqj_i — — 300pA 

Vhc 

Vcc 

- 

l 0H = -3.0mA MIL. 

■El 

4.0 

- 

I 0H = -5.0mA COM’L. 

El 

4.0 

- 

VOL 

Output LOW Voltage 

V CC = 3V, V IN = V LC or V hc ,I 0 l = 300pA 

- 

GND 

V L c 

V 

ll 

II ll 
o -- 

Iql = 300uA 

- 

GND 

Vlc 

l 0L = 16mA MIL. 

- 

- 

wm 

I 0L = 24mA COM'L. 

- 

- 

0.5 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 


8-120 

















































































IDT49C25/A HIGH-PERFORMANCE 
CMOS MICROCYCLE LENGTH CONTROLLER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER 

V LC = 0.2V; 


SUPPLY CHARACTERISTICS 

v hc = v cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

Vcc = Mcix. 

Mn 2: V HC ; V ]N < V LC 

f i = o 

■ 

0.001 

1.5 

mA 

n 

Quiescent Power Supply Current 
TTL Inputs HIGH 

Vcc = Max. 

V 1N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

□ 

Dynamic Power Supply Current 

V C c = Max. V IN > V HC 

Outputs Open V, N < V LC 

| 

0.15 

0.25 

mA/MHz 

•cc 

Total Power Supply Current (4) 

V cc = Max. 

Outputs Open 
f, = 5MHz 

READY, SSNO, WAIT REQ, RaET, IMT = V cc 

L 1t L 2 , L 3 , SSNC, FIRST/EAST, RUN, C x = GND 


■ 

2.25 

mA 

Vcc = Max. 

Outputs Open 
f, = 5MHz 

SSNO, HALT = V cc 

READY, WAIT REQ, MT = 3.4V (98% duty cycle) 
L 1p L 2 , L 3 , SSNC, FIRST/LAST, ROR, C X = GND 

1 

2.25 

9.25 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at ^cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - •cc = •quiescent + •inputs + •dynamic 


I + lr.CT D h N t + 


, (fcp/2) 


l CCQ = Quiescent Current 
•cct = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL inputs High 
N T = Number of TTL inputs at D H 

I ccd = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 

1DT49C25 

IDT49C25A* 7 * 

UNIT 

TYP.* 1 * 

COM’L 

MIL 

TYP.< 6 > 

COM’L 

MIL 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 


1 

'MAXI 

F 0 Frequency 
(Cx Connected)* 1 * 

C L = 50pF 

R l = 5000 

- 

31 

- 

31 

- 

- 

40 

- 

40 

- 

ns 

2 

*MAX2 

Fo Frequency 
(C X = HIGH) 

42 

- 

- 

- 

- 

50 

- 

- 

- 

- 

ns 

3 

'offset 


- 

- 

8.5 

- 

8.5 

- 

- 

6.0 

- 

6.0 

ns 

4 

'offset 


- 

- 

17 

- 

18 

- 

- 

11.5 

- 

12 

ns 

5 

'skew 

Cl (J“)'oC 2 (_f) 

- 

- 

2 

- 

2 

- 

- 

1.5 

- 

wm 


6 

'skew 

Cl (J")'oC 3 (i") 

- 

- 

2 

- 

2 

- 

- 


- 

wm 

wm 

7 

'skew 

Cl (J) toC 4 (1) 
Opposite Transition 

- 

- 

11 

- 

11 

- 

- 

8.0 

- 

8.0 

ns 

8 

'su 

L, . L 2 , L 3 to C, (_f) 

- 

4 

- 

4 

- 

- 

- 

3.0 

- 



9 

'h 

Li, L 2 , L 3 to C, (_f”) 

- 

8 

- 

8 

- 

- 

- 

6 

- 

6 

HQ] 

10 

'su 

C x to F 0 (J )< 2 > 

- 

18 

- 

18 

- 

- 

mm 

- 

mm 

- 

B9 

D 

»H 

C x 'o F 0 (J )< 2 * 

- 

0 

- 

0 

- 

- 

0 

- 

0 

- 

HQ 

m 

'su 


- 

18 

- 

18 

T 

- 

12 

- 

12 

- 

■ 

m 

»H 


- 

0 

- 

0 

- 

- 

.0 

- 

0 

- 

wm 

m 

'su 

READY to F 0 (J")< 3 > 

- 

18 

- 

18 

- 

- 

12 

- 

12 

- 


m 

'h 

READY to fb (J~)< 3 * 

- 

0 

- 

0 

- 

- 

0 


0 

- 


□ 

'su 

RUN, HALT (_f) to 

F 0 (_T)< 3 ' 4 > 

- 

18 

- 

18 

- 

- 

12 

- 

12 

- 

ns 

D 

'su 

SSNC, SSNO to 

F 0 (_T)< 3 ' 4 * 

- 

18 

- 

18 

- 

- 

12 

- 

12 

- 

ns 

Q 

'su 

FIRST/EAST to 

Fo ( _f" ) (5) 

- 

18 

- 

18 

- 

- 

12 

- 

12 

- 

ns 

19 

'su 

MT (_f ) to F 0 (J )< 3 > 

- 

18 

- 

18 

- 

- 

12 

- 

- 

- 

El 

El 

'PWL 

MT LOW Pulse Width 

- 


- 

25 

- 

- 

mm 


El 1 

- 

wm 

m 

'pLH 


- 

- 

25 

- 

mm 

- 


mm 

- 

mm 


M 

m 

OSC to F 0 

- 


13 

- 

mm 

- 

~ 

mm 

- 




m 

- 

- 

mm 

- 

mm 

- 

~ 

mm 

- 




NOTES: 

1 . The frequency guarantees apply with Cxconnected to ^ , C 2 , C 3 , C 4 , or HIGH. The Cx input load must be considered part of the 50pf/500Q clock output 
loading. 

2. These set-up and hold times apply to the F 0 LOW-to-HIGH transition of the period in which Cx goes LOW. 

3. These inputs are synchronized internally. Failure to meet t s may cause a 1/Fo delay but will not cause incorrect operation. 

4. These inputs are “debounced” by an internal R-S flip-flop and are intended to be connected to manual break-before-sake switches. 

5. FIRST/EAST normally wired HIGH or LOW. ■ 

6. Typical values are at v cc ~ 5.0V, +25°C ambient and maximum loading. 

7. These values are preliminary only. 
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SWITCHING WAVEFORMS 



Figure 2. Normal Cycle Without Wait States (Pattern F 6 Shown) 
WAIT TIMING (C x Connected to C, ) 


PERIOD 

123 4 56 1WWWW2 3 4561 
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DETAILED DESCRIPTION 

The IDT49C25/A are dynamically programmable general- 
purpose clock controllers. They can be logically separated into 
two parts— a state machine decoder and a state machine control 
section. 

The state machine takes microcode information from the 
Microcycle Length (L) inputs Li, Lz and L 3 and counts the funda- 


mental frequency of the oscillator (OSC) to create the clock outputs 
Fo, Ci, C2, C3 and C4. 

The clock outputs have a characteristic wave shape relationship 
for each microcycle length. For example, Ci is always LOW only on 
the last Fo clock period of a microcycle and C4 is always LOW on the 
first. C3 has an approximate duty cycle of 50% and C 2 is HIGH for all 
but the last two periods (see Figure 4). 
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The current state of the machine is contained in a register, part of 
which is the Clock Generator Register. Ci, Cz, C3 and C4 are the 
outputs of this register. These outputs and the outputs of the 
Microcycle Control Latch are fed into combinatorial logic to gener- 
ate the next state. On each falling edge of the internal clock, the 
next state is entered into the current state register. The Microcycle 
Control Latch is latched when Ci is HIGH. This means that it will be 
loaded during the last state of each microcycle (Ci = C2 = C3 = 
LOW, C4 = HIGH). This internal latch selects one of eight possible 
microcycle lengths, F3 to F10. 

The state machine control logic, which determines the mode of 
operation of the state machine, is intended to be connected to a front 
panel. There are four basic modes of operation of the IDT49C25/A 
comprised of RUN, HALT, WAIT and SINGLE STEP. 

System Timing 

In the typical computer, the time required to execute different 
instructions varies. However, the time allotted to each instruction is 
the time that it takes to execute the longest instruction. The 
IDT49C25/A allow the user to dynamically vary the time allotted for 
each instruction, thereby allowing the user to realize a higher 
throughput. 

IDT49C25/A Control Inputs 

The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided via 
the “L” inputs which are intended to be connected to the 
microprogram memory. The “L” inputs are used to select one of 
eight cycle lengths ranging from three oscillator cycles for pattern F3 
to ten oscillator cycles for pattern F10. This information is always 
loaded at the end of the microcycle into the Microcycle Control 
Latch which performs the function of a pipeline register for the 
microcycle length microcode bits. Therefore, the cycle length goes 
in the same microword as the instruction that it is associated with. 

The clock control inputs are used to synchronize the 
micropr ogram mach ine with the external world and I/O devices. In- 
puts like RUN, HALT, SSNO and SSNC, which start and stop execu- 
tion, are meant to be connected to switches on the front panel of the 
microprogrammed machine (see Figure 5). These inputs have inter- 
nal pull-up resistors and are connected to an R-S flip-flop in order 
to provide switch debouncing. The FIRST/LAST input is used to 
deter mine a t what point of the microcycle the IDT49C25/A will halt 
when HALT or a SINGLE STEP is initiated. In most applications, the 
user wires this input HIGH or LOW, depending on his design. 



J 


o< 

O 

SPDT SWITCH ^ Jl 

RUN 





? 

HALT 




SSNC 

IDT49C25/A 

( 

► 1 



nc9 




1 

SSNO 





GND 


SPOT PUSHBUTTON SWITCH 



Figure 5. Switch Connection for RUN/HALT and Single Step 

When HALT is held low (RUN= HIGH), the state machine will 
start the halt mode on the last (Ci = LOW) or the first (C4 = LOW) 
state of the microcy cle as determined by the FIRST/LAST input. 

When RUN goes low (HALT = HIGH), the state machine will resume 
the run mode. 

The WAITREQ, Cx, READY and WAITACK signals are used to 
synchronize other parts of a computer system (memory, I/O de- iragragraag 
vices) to the CPU by dynamically stretching the microcycle. For •Cojggll 
example, the CPU may access a slow peripheral that requires the Q 
data remain on the data bus for sev eral microseconds. In this case, 
the peripheral pulls the WAI TREQ line LOW. The Cx input lets the 
design specify when the WAITREQ line is sampled in the 
microcycle. This has a direct impact on how much time the periph- 
eral has to r espond in order to request a wait cycle (see Figure 6). 

The READY line is used by the peripheral to signal w hen it is read y to 
resume execution of the rest of the microcycle. The WAITACK line 
goes LOW on the next oscillator cycle after the Cx input go es LOW 
and remains LOW until the second oscillator cycle after READY 
goes LOW. 
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The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcycle to 
occur while in the halt mode. SSNO (normally open) and SSNC 
(normally closed) are intended to be connected to a momentary 
SPOT switch. After SSNO has been low for one clock edge, the state 
machine will change to the next run mode. The microcycle will end 
on the first or last state of the microcycle, depending on the state of 
the FIRST/LAST. 


AC Timing Signal References 

Set-up and hold times in registers and latches are measured rela- 
tive to the clock signals that drive them. In the IDT49C25/A, the 
external oscillator provides a free running clock signal that drives all 
the registers on the devices. This clock is provided for the user 
through the buffered output of Fo. Therefore, Fo is used as the refer- 
ence of set-up, hold and ciock-to-output times. However, for the 
Microcycie Control Latch, the set-up and hold times are referenced 
to the Ci output which is the buffered version of the latch enable. 
This reference is appropriate for the Microcycle Control Latch be- 
cause, in a typical application, this latch is considered part of the 
pipeline registered which is also driven by one of the “C” outputs. 


F 0 


SSNC 

SSNO 


Cl 


C2&C3 


C4 



Figure 7. Single Step Timing Sequence 
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TEST CIRCUITS AND WAVEFORMS 

TEST CIRCUITS FOR THREE-STATE OUTPUTS 



SWITCH POSITION 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 


C L = Load capacitance: includes jig and probe capacitance 
R T = Termination resistance: should be equal to 2 out of the 
Pulse Generator 


SET-UP, HOLD AND RELEASE TIMES 


PULSE WIDTH 


DATA 

INPUT 


TIMING 

INPUT 


ffi 7 


r- tu 


X 


ASYNCHRONOUS CONTROL 


PRESET 
CLEAR 
ETC. . 


■Irfm 


X 


SYNCHRONOUS CONTROL 


PRESET 
CLEAR 
CLOCK ENABLE 
ETC. 


W 


' tsu" 






3 V 

1.5V 

OV 

3V 

1.5V 

OV 


3V 

1.5V 

OV 


3V 

1.5V 

OV 



PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


OUTPUT 


OPPOSITE PHASE 
INPUT TRANSITION 



3V 

1.5V 

OV 

Voh 

1.5V 

Vol 

3 V 

1.5V 

OV 
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ORDERING INFORMATION 


IDT49C25/A — — • — £ — ^ 

Device Type Package Process/ 

j ] ' Temperature 


BLANK 


B 


P 

D 

J 

L 

E 

25 

25A 



Commercial (0°Cto +70°C) 

Military (-55°C to + 125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
CERDIP 

Plastic Leaded Chip Carrier 
Leadless Chip Carrier 
CERPACK 

Microcycle Length Controller 
Fast Microcycle Length Controller 
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1 

i 

Integrated Dev 

w 

rice Technology. Inc. 


16-BIT CMOS 

IDT49C401 

MICROPROCESSOR 

IDT49C401 A 

SLICE 



MICROSLICE™ PRODUCT 


FEATURES: 

• Fast 

— 30% faster than four 2901 Cs and one 2902A 

• Low Power CEMOS ™ 

— Military: 225mA (max.) 

— Commercial: 180mA (max.) 

• Functionally equivalent to four 2901s and one 2902 

• Pin-compatible, performance-enhanced replacement for 
IMI4X2901B 

• Independent, simultaneous access to two 16-word x 16-bit 
register files 

• Expanded destination functions with eight new operations al- 
lowing Direct Data to be loaded directly into the dual-port 
RAM and Q Register 

• Cascadable 

• Available in 64-pin DIP 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49C401s are high-speed, fully cascadable 16-bit CMOS 
microprocessor slice units which combine the standard functions of 
four 2901s and a 2902 with additional control features aimed at en- 
hancing the performance of bit-slice microprocessor designs. 

The IDT49C401s include all of the normal functions associated 
with standard 2901 bit-slice operation: (a) a 3-bit instruction field (lo, 
li, I 2 ) which controls the source operand selection for the ALU, (b)a 
3-bit microinstruction field (I 3 , U, I 5 ) used to control the eight possi- 
ble functions of the ALU and (c) sixteen destination control functions 
which are selected by the microcode inputs (16, 17 , Is, 19 )- Eight of the 
sixteen destination control functions reflect the standard 2901 op- 
eration, while the other eight additional destination control functions 
allow for shifting the Q Register up and down, loading the RAM or Q 
Register directly from the D inputs without going through the ALU 
and new combinations of destination functions with the RAM A port 
output available at the Y output pins of the device. Also featured is an 
on-chip dual-port RAM that contains 16 words by 16 bits. 

The IDT49C401s are fabricated using CEMOS, a CMOS technol- 
ogy designed for high performance and high reliability. These per- 
formance enhanced devices feature both bipolar speed and bipolar 
output drive capabilities, while maintaining exceptional microin- 
struction speeds at greatly reduced CMOS power levels. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATION 


<r < < < < 


(Si < “» ® O 2 

- K s § o o £ 



>>■*>■>. >r * rf Q - rf o’ <? o o- o § £ £ i * a £ £ £ £ z £ * 

C3 

DIP 

TOP VIEW 


PIN DESCRIPTIONS 




DESCRIPTION 


Four address inputs to the register file which selects one register and displays its contents through the A port. 


Four address inputs to the register file which selects one of the registers in the file, the contents of which is displayed through 
the B port. It also selects the location into which new data can be written when the clock goes LOW. 


Ten instruction control lines which determine what data source will be applied to the ALU I (o. i, 2 ), what function the ALU will 
perform 1(3, 4, 5) and what data is to be deposited in the Q Register or the register file I (6. 7 . e. 9). Original 2901 destinations are 
selected if I g is disconnected. In this mode, proper Ig bias is controlled by an internal pullup resistor to v cc- 


Sixteen-bit direct data inputs which are the data source for entering external data into the device ALU, Q Register or RAM . D 0 is 
the LSB. 


Sixteen three-state output lines which, when enabled, display either the sixteen outputs of the ALU or the data on the A port of 
the register stack. This is determined by the destination code l(e, t, b. 9). 


A multipurpose pin which indicates the carry generate (G) function at the least significant and intermediate slices or as F 15 , the 
most sjgnificant ALU output (sign bit). S/F, 5 selection is controlled by the MSS pin. If MSS = HIGH,F 15 is enabled. If MSS = 
LOW, G is enabled. 


Open drain output which goes HIGH if the F 0 -F 15 ALU outputs are all LOW. This indicates that the result of an ALU operation is 
zero (positive logic). 


Carry-in to the internal ALU. 


Carry-out of the internal ALU. 


Bidirectional lines controlled by 1(6, 7 , 8 , 9 ) • Both are three-state output drivers connected to the TTL-compatible inputs. 
When the destination code on 1(6, 7, 8, 9) indicates an up shift, the three-state outputs are enabled, the MSB of the Q Register is 
available on the Q 15 pin and the MSB of the ALU output is available on the RAM 15 pin. When the destination code indicates a 
down shift, the pins are the data inputs to the MSB of the Q Register and the MSB of the RAM. 


Both bidirectional lines function identically to Q 15 and RAM 15 lines, except they are the LSB of the O Register and RAM. 




Output enable. When pulled HIGH, the Y outputs are OFF (high impedance). When pulled LOW, the Y outputs are enabled. 


A multipurpose pin which indicates the carry propagate (F) output for performing a carry lookahead operation or overflow 
(OVR) the Exclusive-OR of the carry-in and carry-out of the ALU MSB. OVR, at the most significant end of the word, indicates 
that the result of an arithmetic two's complement operation has overflowed into the sign bit. P/OVR selection is controlled by 
the MSS pin. If MSS = HIGH, OVR is enabled. If MSS = LOW, P is enabled. 


The clock input. LOW-to-HIGH clock transitions will change the 0 Register and the register file outputs. Clock LOW time is 
internally the write enable time for the 64x16 RAM which compromises the master latches of the register file. While the clock is 
LOW, the slave latches on the RAM outputs are closed, storing the data previously on the RAM outputs. Synchronous 
MASTER-SLAVE operation of the register file is achieved by this. 


When HIGH, enables OVR and F 15 on the P/OVR and G/F 15 pins. When LOW, enables G and P on these pins. If left open, 
internal pullup resistor to V cc provides declaration that the device is the most significant slice and will define pins as OVR and 
Fl5- 
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IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEVICE ARCHITECTURE: 

The IDT49C401 CMOS bit-slice microprocessor is configured 
sixteen bits wide and is cascadable to any number of bits (16, 32, 48, 
64). Key elements which make up these 16-bit microprocessor 
slices are the (1) register file (16 x 16 dual-port RAM) with shifter, (2) 
ALU and (3) Q Register and shifter. 

REGISTER FILE— A 16-bit data word from one of the 16 RAM 
registers can be read from the A port as selected by the 4-bit A ad- 
dress field. Simultaneously, the same data word or any other word 
from the 16 RAM registers can be read from the B port as selected by 
the 4-bit B address field. New data is written into the RAM register 
location selected by the B address field during the clock (CP) LOW 
time. Two 16-bit latches hold the RAM A port and B port during the 
clock (CP) LOW time, eliminating any data races. During clock 
HIGH, these latches are transparent, reading the data selected by 
the A and B addresses. The RAM data input field is driven from a 
four-input multiplexer that selects the ALU output or the D inputs. 
The ALU output can be shifted up one position, down one position 
or not shifted. Shifting data operations involves the RAM15 and 
RAMo I/O pins. For a shift up operation, the RAM shifter MSB is con- 
nected to an enabled RAM 15 I/O output while the RAMo I/O input is 
selected as the input to the LSB. During a shift down operation, the 
RAM shifter LSB is connected to an enabled RAMo I/O output, while 
the RAM15 I/O input is selected as the input to the MSB. 

ALU —The ALU can perform three binary arithmetic and five logic 
operations on the two 16-bit input words S and R. The S input field is 
driven from a 3-input multiplexer and the R input field is driven from 
a 2-input multiplexer, with both having a zero source operand. Both 
multiplexers are controlled by the l(o. 1 . 2 ) inputs. This multiplexer 
configuration enables the user to select various pairs of the A, B, D, 
Q and “0" inputs as source operands to the ALU. Microinstruction 
inputs 1 ( 3 . 4 . 5 ) are used to select the ALU function. This high-speed 
ALU cascades to any word length, providing carry-in (C n ), carry-out 
(Cn+ ie) and an open-drain (F = 0) output. When all bits of the ALU 
are zero, the pull-down device of F = 0 is off, allowing a wire-OR of 
this pin over all cascaded devices. Multipurpose pins G/F 15 and 


P/OVR are aimed at accelerating arithmetic operations. For inter- 
mediate and least significant slices, the MSS pin is programmed 
LOW, selecting the carry-generate (G) and carry-propagate (P ) out- 
put functions to be used by carry lookahead logic. For the most sig- 
nificant slice, MSS is programmed high, selecting the sign-bit (F 15 ) 
and the two’s complement overflow (OVR) output functions. The 
sign bit (F 15 ) allows the ALU sign bit to be monitored without ena- 
bling the three-state ALU outputs. The overflow (OVR) output is high 
when the two’s complement arithmetic operation has overflowed 
into the sign bit as logically determined from the Exclusive-OR of the 
carry-in and carry-out of the most significant bit of the ALU. For all 
16-bit applications, the MSS pin on the IDT49C401S is tied high or 
not connected since only one device is needed. With MSS open or 
tied high, internal circuitry will direct pins 33 and 34 to function as 
F 15 and OVR, respectively. It is in this 1 6-bit operating mode that the 
IDT49C401s function identically to the IMI4X2901B. The ALU data 
outputs are available at the three-state outputs Y<o-i 5 ) or as inputs to 
the RAM register file and Q Register under control of the 1(6. 7 . 8. 9 ) in- 
struction inputs. 

Q REGISTER— The Q Register is a separate 16-bit register in- 
tended for multiplication and division routines and can also be used 
as an accumulator or holding registerfor other types of applications. 
It is driven from a 4-input multiplexer. In the no-shift mode, the multi- 
plexer enters the ALU F output or Direct Data into the Q Register. In 
either the shift up or shift down mode, the multiplexer selects the Q 
Register data appropriately shifted up or down. The Q shifter has 
two ports, Qo and Q15, which operate comparably to the RAM shifter. 
They are controlled by the 1(6, 7 . e, 9 ) inputs. 

The clock input of the IDT49C401 controls the RAM, Q Register 
and A and B data latches. When enabled, the data is clocked into the 
Q Register on the LOW-to-HIGH transition. When the clock is HIGH, 
the A and B latches are open and pass data that is present at the 
RAM outputs. When the clock is LOW, the latches are closed and 
retain the last data entered. When the clock is LOW and l ( e. 7. e. 9) de- 
fine the RAM as the destination, new data will be written into the RAM 
file defined by the B address field. 


ALU SOURCE OPERAND CONTROL ALU FUNCTION CONTROL 


MNEMONIC 

MICROCODE 

ALU SOURCE 
OPERANDS 


MNEMONIC 

MICROCODE 

ALU 

FUNCTION 

SYMBOL 

n 

D 

D 

OCTAL 

CODE 

D 

s 

D 

D 

H 

OCTAL 

CODE 

AQ 

L 

L 

L 

0 

KB 

Q 


ADD 

L 

L 

L 

0 

R Plus S 

R + S 

AB 

L 

L 

H 

1 

■9 

B 


SUBR 

L 

L 

H 

1 

S Minus R 

S- R 

ZQ 

L 

H 

L 

2 

0 

Q 


SUBS 

L 

H 

L 

2 

R Minus S 

R-S 

ZB 

L 

H 

H 

3 

0 

B 


OR 

L 

H 

H 

3 

RORS 

RVS 

ZA 

H 

L 

L 

4 

0 

A 


AND 

H 

L 

L 

4 

RANDS 

R A S 

DA 

H 

L 

H 

5 

B 

A 


NOTRS 

H 

L 

H 

5 

RANDS 

R A S 

DQ 

H 

H 

L 

6 


Q 


EXOR 

H 

H 

L 

6 

R EX-OR S 

R'V'S 

DZ 

H 

H 

H 

7 

H 

0 


EXNOR 

H 

H 

H 

7 

R EX-NOR S 

RVS 






























IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ALU ARITHMETIC MODE FUNCTIONS 






ALU LOGIC MODE FUNCTIONS 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


SOURCE OPERAND AND ALU FUNCTION MATRIX (1) 







*2, 1,0 

OCTAL 





ALU 

0 

1 

j 2 

3 

4 

5 

6 

7 









m 

FUNCTION 




ALU SOURCE 






A, Q 

A, B 

0, Q 

0, B 

0, A 

D, A 

D, Q 

D, 0 


_i 

II 

d 

A + Q 

A + B 

Q 

B 

A 

D + A 

D + Q 

D 

0 

R Plus S 

C n = H 

A + Q + 1 

A + B + 1 

Q + 1 

B + 1 

A + 1 

D + A + 1 

D + 0 + 1 

D + 1 


II 

d 

Q - A - 1 

B- A- 1 

Q - 1 

B- 1 

A- 1 

A - D - 1 

Q-D-1 

-D - 1 

1 

S Minus R 










X 

II 

d 

0 - A 

B-A 

Q 

B 

A 

A- D 

Q-D 

-D 


-i 

ii 

d 

A- 0- 1 

A - B - 1 

-Q - 1 

-B- 1 


D - A - 1 

D-Q-1 

D- 1 

2 

R Minus S 

C n = H 

O 

i 

< 

> 

1 

CD 

-Q 

-B 

■H 

D- A 

D - Q 

D 

3 

RORS 

A V Q 

A V B 

Q 

B 

A 

D V A 

D VQ 

D 

4 

R AND S 

AAQ 

AA B 

0 

0 

0 

DA A 

D A Q 

0 

5 

RANDS 

A A Q 

A A B 

Q 

B 

A 

DA A 

6 A Q 

0 

6 

R EX-OR S 

AYQ 

A'V'B 

Q 

B 

A 

D'V'A 

DVO 

D 

7 

R EX-NOR S 

AVQ 

AVB 

Q 

B 

A 

DATA 

DVQ 

D 


NOTE: 

1. + = Plus; - = Minus; A = AND;'V'= EX-OR; V = OR 


ALU DESTINATION CONTROL 0 ’ 


MNEMONIC 

MICROCODE 

RAM 

FUNCTION 

Q REGISTER 
FUNCTION 

Y 

OUTPUT 

RAM 

SHIFTER 

Q 

SHIFTER 


D 

D 

D 

n 

HEX 

CODE 

SHIFT 

LOAD 

SHIFT 

LOAD 

RAM 0 

ram 15 

Qo 

Qis 

OREG 


n 

B 


8 

X 

NONE 

NONE 

F — rQ 

F 

X 

X 

X 

X 

Existing 2901 
Functions 

NOP 

o 

m 

D 

B 

9 

X 

NONE 

X 

NONE 

F 

X 

X 

X 

X 

RAMA 

D 

B 

B 

B 

A 

NONE 

F— >B 

mm 

NONE 

A 

X 

X 

X 


RAMF 

D 

B 

B 

B 

B 

NONE 

F— tB 

mm 

NONE 

F 

X 

X 

X 

X 

RAMQD 

D 

■1 

B 

L 

C 

DOWN 

F/2-rB 

DOWN 

O 

J 

O 

F 

Fo 

in 15 

Q o 

INis 

RAMD 

D 

D 

B 

B 

D 

DOWN 

F/2-+B 

X 

NONE 

F 

Fo 

INis 

Qo 

X 

RAMQU 

D 

B 

B 

B 

E 

UP 

2F— rB 

UP 

2Q— t-Q 

F 

IN 0 

■B 

INo 

°15 

RAMU 

D 

B 

B 

B 

F 

UP 

2F— rB 

X 

NONE 

F 

IN 0 

F|5 

X 

Ol5 

DFF 

B 

B 

B 

B 

0 

NONE 

D-rB 

NONE 

F— rQ 

F 

X 

X 

X 

X 

New Added 
IDT49C401 
Functions 

DFA 

B 

B 

B 

B 

1 

NONE 

D— rB 

NONE 

F-fQ 

A 

X 

X 

X 

X 

FDF 

B 

B 

B 

B 

2 

NONE 

F-+B 

NONE 

D-fQ 

F 

X 

X 

X 

X 

FDA 

B 

B 

B 

B 

3 

NONE 

F— iB 

NONE 

D— rO 

A 

X 

X 

X 

X 

XQDF 

B 

D 

B 

B 

4 

X 

NONE 

DOWN 

0 

1 

o 

F 

X 

X 

Q 0 

INis 

DXF 

B 

B 

B 

B 

5 

NONE 

D-fB 

X 

NONE 

F 

X 

X 

Q 0 

X 

XQUF 

B 

D 

B 

B 

6 

X 

NONE 

UP 

2Q-+Q 

F 

X 

X 

INo 

Ol5 

XDF 


B 

B 

B 

7 

X 

NONE 

NONE 

D— rO 

F 

X 

X 

X 

Ql5 


NOTE: 


1. X = Don’t Care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
B = Register Addressed by B inputs 
UP is toward MSB; DOWN is toward LSB 
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IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


HKH5J1 

RATING 

COMMERCIAL 

MILITARY 



Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 


Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

IB 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pr 

Power Dissipation 

1.0 

1.0 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

TYP. 

UNIT 

C|N 

Input Capacitance 

.< 

2 

II 

O 

< 

5 

PF 

Cqut 

Output Capacitance 

Voirr = 0V 

7 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

IX = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ± 10% (Military) 1 

V LC = 0.2V 

Vhc = Vcc-0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 ) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level (4) 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level < 4 > \ 

- 

- 

0.8 

V 

•lH 

Input HIGH Current 

Vcc= Max., Vin = Vcc 

- 

0.1 

5 

pA 

•lL 

Input LOW Current 

V cc = Max., V 1N = GND 

- 

-0.1 

-5 

pA 

o< 

I 

Output HIGH Voltage 

ii 

ii ii 

> 8 * 

Ioh = -300pA 

Vhc 

v cc 

- 

V 

Ioh = -12mA MIL. 

2.4 

4.3 

- 

Ioh = -15mA COM’L. 

2.4 

4.3 

- 

V 0L 

Output LOW Voltage 

V cc = Min. 

V,n =V| H orM L 

Iql ~ 300pA 

- 

GND 

Vlc 

V 

Iol = 20mA MIL. 

- 

0.3 

0.5 

I 0L = 24mA COM’L. 

- 

0.3 

0.5 

•oz 

Off State (High Impedance) 

Output Current 

V cc = Max. 

> 

o 

II 

£ 

- 

-0.1 

-10 

pA 

V 0 = V cc (Max.) 

- 

0.1 

10 

•os 

Output Short Circuit Current 

Vcc = Mini', Vout = 0V * 3 > 

-15 

-30 

- 

mA 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 
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IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d.) 

T a = 0°C to +70°C V cc = 5,0V ±5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ±10% (Military) 

V LC = 0.2V 
V H c = Vcc -0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

TYP. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

V cc = Max. 

VHC < V|N , V in < V|_c 
fcp = 0, CP = H 

MIL. 


150 

245 

mA 

CP = H 

COM'L. 


150 

195 

'CCQL 

Quiescent Power Supply Current 

V cc = Max. 

Vhc < V|N. V|N < V|_c 
f CP = 0, CP = L 

MIL. 


80 

125 

mA 

CP = L 

COM’L. 


80 

98 

'CCT 

Quiescent Input Power Supply < 5 > 
Current (per Input @ TTL High) 

V cc = Max. V, N = 3.4V, f CP = 0 


0.3 

0.5 

mA/ 

Input 


Dynamic Power Supply Current 

Vcc = Max. 

v hc 5 v (N , V N < V LC 

Outputs Open, OE = L 

MIL. 

- 

2.0 

3.0 

mA/ 

'CCD 

COM'L. 

- 

2.0 

2.5 

MHz 

1 


V cc = Max., f CP = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

Vhc ■£ V IN , V IN < V LC 

MIL. 

- 

135 

210 


■ 

(6) 

Total Power Supply Current 

COM’L. 

- 

135 

170 

mA 

V cc = Max., f CP = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V. V IL = 0.4V 

MIL. 

- 

145 

225 

1 


COM’L. 

- 

145 

180 



NOTES: 

5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

Ice = IcCQh( CD h) + IcCQL (1 - CD h ) + l CC T ( N T x D h) + IcCD ( f Cp) 

CDh = Clock duty cycle high period 

Dh = Data duty cycle TTL high period (Vin = 3.4V) 

Ny = Number of dynamic inputs driven at TTL levels 
f C p = Clock Input frequency 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test en- 
vironment. Large output currents are being switched in very short 
periods and proper testing demands that test set-ups have mini- 
mized inductance and guaranteed zero voltage grounds. The tech- 
niques listed below will assist the user in obtaining accurate testing 
results: 

1) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may oscillate, causing improper 
device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply lines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device testing. 
The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is necessary. The 
ground plane must be sustained from the performance board to 
the DUT interface board and wiring unused interconnect pins to 
the ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) To guarantee data sheet compliance, the input thresholds should 
be tested per input pin in a static environment. To allow fortesting 
and hardware-induced noise, IDT recommends using Vil < 0V 
and Vih > 3V for AC tests. 




























































IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C401A 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT49C401A over the -55 °C to + 125°CandO°Cto + 70 °C tem- 
perature ranges. All times are in nanoseconds and are measured 
at the 1 .5V signal level. The inputs switch between OV and 3 V with 
signal transition rates of 1 V per nanosecond. All outputs have maxi- 
mum DC current loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 



MIL 

COM’L. 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B registers to end 
of cycle) 

28 

24 

ns 

Maximum Clock Frequency to 
shift Q (50% duty cycle, 

1 = C32 or E32) 

35 

41 

MHz 

Minimum Clock LOW Time 

13 

11 

ns 

Minimum Clock HIGH Time 

13 

11 

ns 

Minimum Clock Period 

36 

31 

ns 


COMBINATIONAL PROPAGATION DELAYS (1> C L = 50pF 


FROM INPUT 

TO OUTPUT 

Y 

(MS| = L) 

(MSS = H) 

f 15 ovr 

Cn + 16 


RAM„ 

RAM 15 

Q 0 

Q« 

UNIT 



COM’L. 


COM’L. 


COM’L. 


COM’L. 




mu 

HTW 

COM’L. 

m 


A, B Address 

D 

37 


35 

D 

37 

K9 

37 

E9 

34 

O 

37 

El 

36 

- 


ns 

D 


29 

El 

26 

O 

26 

E9 

28 

Q 

25 


29 

El 

26 

- 

- 

ns 

Cn 

m 

25 


- 


24 

E9 

23 

El 

18 

m 

26 

1S1 

21 


- 

ns 

lo, 1.2 


32 

ra 

27 

9 

32 

El 

31 

El 

26 


32 

30 

27 

- 

- 

ns 

b, 4. 5 


32 

El 

26 

□ 

31 

El 

31 

ES 

25 


32 

El 

26 

- 

- 

ns 

le. 7, 8, 9 

0 

23 


- 


- 


- 


- 


- 


18 

kb 

18 

ns 

A Bypass 

ALU (1 = AXX, 
1XX, 3XX) 

30 

27 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

- 

ns 

Clock - 

O 

31 

O 

28 


30 


31 

O 

27 

34 

31 

O 

31 

0 

23 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 



V 7^ 

INPUT 

SET-UPTIME 
BEFORE H— +L 

HOLD TIME 

AFTER H— iL 

SET-UPTIME 
BEFORE L-tH 

HOLD TIME 

AFTER L-fH 

UNIT 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL. 

COM’L 

A, B Source Address 

11 

10 

o (3) 

0< 3 > 

24 « 

21 < 4 > 

2 

1 

ns 

B Destination Address 

11 

10 

Do not change ( 2 ) 

2 

1 

ns 

D 

- (1) 

- 

- 

- 

12/22 < 5 > 

10/20 < 5 > 

2 

1 

ns 

Cn 

- 

- 

- 

- 

17 

15 

0 

0 

ns 

lo. 1,2 

- 

- 

- 

- 

28 

25 

0 

0 

ns 

b, 4. 5 

- 

- 

- 

- 

28 

25 

0 

0 

ns 

16.7.8,9 

11 

10 

Do not change < 2 ) 

0 

0 

ns 

RAMo. 15 . Oo, 15 

- 

- 

_z ! z 1 12 1 11 

0 

0 

ns 


NOTES: 

1. A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 


3. Source addresses must be stable prior to the H — ► Ltransition to allowtime to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination; i.e., if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L — ► H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— »■ H transition, regardless of when the H — f L transition occurs. 

5. First value is direct path (DATA| N — ► RAM/Q Register). Second value is indirect path (DATAn — ► ALU — ► RAM/Q Register). 
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IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C401 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT49C401 over the -55 °C to +125°CandO°Cto + 70°Ctem- 
perature ranges. All times are in nanoseconds and are measured 
at the 1.5V signal level. The inputs switch between OV and 3V with 
signal transition rates of IV per nanosecond. All outputs have maxi- 
mum DC current loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 



MIL. 

COM’L 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B registers to end 
of cycle) 

50 

48 

ns 

Maximum Clock Frequency to 
shift Q (50% duty cycle, 

1 = C32 or E32) 

20 

21 

MHz 

Minimum Clock LOW Time 

30 

30 

ns 

Minimum Clock HIGH Time 

20 

20 

ns 

Minimum Clock Period 

50 

48 

ns 


COMBINATIONAL PROPAGATION DELAYS 05 C L = 50pF 


FROM INPUT 

TO OUTPUT 

Y 

( MS| = L) 

(MSS = H) 

F 1S OVR 

Cn+16 


RAM 0 

ram 15 

Qo 

Qis 

UNIT 


BffW 

COM’L 

^5 

COM’L. 


COM’L. 


COM’L 

§2H 



223S 


COM’L. 

i!Hi 

COM’L. 

A, B Address 

m 

47 

EB 

42 

m 

47 

19 

42 

m 

34 

m 

47 

El 

40 

- 

- 

ns 

D 


32 

O 

31 


32 

El 

31 

0 

25 


32 

El 

26 

- 

- 

ns 

Cn 

m 

26 


- 

Bi 

26 

O 

25 


18 

El 

26 


21 

- 

- 

ns 

lo. 1,2 

E9 

37 


27 

E9 

37 

Bl 

35 

ei 

26 

E9 

37 

30 

27 

- 

- 

ns 

b. 4. 5 

EB 

36 

m 

26 

KB 

36 

EB 

34 

EB 

25 

El 

36 

El 

26 

- 

- 

ns 

l 6. 7. 8. 9 


24 


- 


- 


- 


- 


- 


18 


18 

ns 

A Bypass 

ALU (1 = AXX, 
1XX, 3XX) 

30 

27 

fl 

■ 

■ 

■ 

B 

■ 

B 

■ 

1 

■ 

B 

- 

B 

■ 

ns 

Clock - 

O 

38 

O 

37 

O 

38 

O 

37 


27 

m 

38 

O 

37 


23 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 




INPUT 

SET-UPTIME 
BEFORE H-rL 

HOLD TIME 

AFTER H-rL 

SET-UPTIME 
BEFORE L— +H 

HOLD TIME 

AFTER L— rH 

UNIT 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L. 

A, B Source Address 

20 

18 

0 < 3) 

0 < 3 > 

50 < 4 > 

48 H) 

2 

1 

ns 

B Destination Address 

20 

18 

Do not change ( 2 > 

2 

1 

ns 

D 

- (i) 

- 

- 

- 

30/40 ( 5 > 

26/36 < 5 > 

2 

1 

ns 

Cn 

- 

- 

- 

- 

35 

32 

0 

0 

ns 

lo, 1.2 

- 

- 

- 

- 

45 

41 

0 

0 

ns 

b. 4. 5 

- 

- 

- 

- 

45 

41 

0 

0 

ns 

le. 7. 8. 9 

12 

11 

Do not change < 2 ) 

0 

0 

ns 

RAMo. 15. Qo. 15 

- 

- 

1 - i 12 | 11 

0 

0 

ns 


NOTES: 

1 . A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable prior to the H — ► Ltransition to allow time to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination; i.e., if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L — ► H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— r H transition, regardless of when the H — ► L transition occurs. 

5. First value is direct path (DATA iN — *■ RAM/Q Register). Second value is indirect path (DATAn — ► ALU — r RAM/Q Register). 
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IDT49C401/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C401A 

OUTPUT ENABLE/DISABLE TIMES 

(C L = 5pF, measured to 0.5V change of V 0UT in nanoseconds) 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

MIL 

COM’L 

MIL 

COM’L 

OE 

Y 

25 

23 

25 

23 


IDT49C401 

OUTPUT ENABLE/DISABLE TIMES 

(C L = 5pF, measured to 0.5V change of V 0UT in nanoseconds) 


INPUT 

OUTPUT 

| ENABLE 

| DISABLE | 

MIL 

COM’L 

MIL 

COM’L 

OE 

Y 

22 

20 

20 

18 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


TEST LOAD CIRCUIT 



INPUT/OUTPUT INTERFACE CIRCUIT 




OUTPUTS 




■O OUTPUTS 


Figure 2. Input Structure (All Inputs) 


Figure 3. Output Structure 
(All Outputs Except F = 0) 


Figure 4. Output Structure 
(F = 0) 


ORDERING INFORMATION 


IDT -ggjM- 

Device Type 


XXX XX 

Speed Package 


I B 

-! C 

J Blank 
1 A 


X 

Process/ 

Temperature 

Range 

| I Blank 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Sidebraze DIP 

16-Bit pP Slice 
High-Speed 16-Bit pP Slice 
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MICROSLICE PRODUCT 


FEATURES: 

• Functionally equivalent to four 2901s and one 2902 

• IDT49C402A 45% faster than four 2901s and one 2902A 

• Expanded two-address architecture with independent, simulta- 
neous access to two 64 x 16 register files 

• Expanded destination functions with 8 new operations allowing 
Direct Data to be loaded directly into the dual-port RAM and Q 
Register 

• Clamp diodes on all inputs provide noise suppression 

• Fully cascadable 

• 68-pin PGA, Shrink-DIP (600 mil, 70 mil centers) and LCC (25 and 
50 mil centers) 

• Military product compliant to MIL-STD-883, Class B 


FUNCTIONAL BLOCK DIAGRAM 



ALU 

SOURCE 


DESCRIPTION: 

The IDT49C402s are high-speed, fully cascadable 16-bit CMOS 
microprocessor slice units which combine the standard functions of 
four 2901s and a 2902 with additional control features aimed at en- 
hancing the performance of bit-slice microprocessor designs. 

The IDT49C402s include all of the normal functions associated 
with standard 2901 bit-slice operation: (a) a 3-bit instruction field (lo, 
I, , I 2 ) which controls the source operand selection for the ALU; (b) a 
3-bit microinstruction field (b, U, Is) used to control the eight possi- 
ble functions of the ALU; (c) eight destination control functions 
which are selected by the microcode inputs (Is, I 7 , Is); and (d) a tenth 
microinstruction input, b, offering eight additional destination con- 
trol functions. This I 9 input, in conjunction with le, I 7 and Is , allows for 
shifting the Q Register up and down, loading the RAM or Q Register 
directly from the D inputs without going through the ALU and new 
combinations of destination functions with the RAM A port output 
available at the Y output pins of the device. 

Also featured is an on-chip dual-port RAM that contains 64 words 
by 16 bits-four times the number of working registers in a 2901. 

The IDT49C402S are fabricated using CEMOS, a CMOS technol- 
ogy designed for high performance and high reliability. These per- 
formance enhanced devices feature both bipolar speed and bipolar 
output drive capabilities^ while maintaining exceptional microin- 
struction speeds at greatly reduced CMOS power levels. 


RAM SHIFT m RAM. 


3 

4 

5 

ALU 

FUNCTION 

6 


7 

8 

9 

DESTINATION 

CONTROL 



B DATA IN 


CP<| 

64 ADDRESSABLE 

REGISTERS 


A ADDRESS 

A 

B 

B ADDRESS 

DATA DATA 
OUT OUT 


Q 0 K2-1 QSHIFTl 


C p Q REGISTER 


DIRECT DATA* 



DAB 0 Q 

ALU DATA SOURCE SELECTOR 
R S 


R S 

8-FUNCTION ALU 


OUTPUT ENABLE- 


OUTPUT DATA SELECTOR 


DATA 0 u T 


CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTIONS 


PIN NAME 


DESCRIPTION 

A 0 -A 5 

1 

Six address inputs to the register file which selects one register and displays its contents through the A port. 

B 0 -B 5 

1 

Six address inputs to the register file which selects one of the registers in the file, the contents of which is displayed through 
the B port. It also selects the location into which new data can be written when the clock goes LOW. 


■ 

Ten instruction control lines which determine what data source will be applied to the ALU 1 ( 0 , 1 , 2 ), what function the ALU will 
perform 1(3, 4 , 5 ) and what data is to be deposited in the Q Register or the register file 1 (6, 7 . 8, 9). Original 2901 destinations are 
selected if lg is disconnected. In this mode, proper lg bias is controlled by an internal pullup resistor to V cc . 

Qo" D 15 

1 

Sixteen-bit direct data inputs which are the data source for entering external data into the device ALU, Q Register or RAM. D 0 is 
the LSB. 

Y 0 -Y 15 

O 

Sixteen three-state output lines which, when enabled, display either the sixteen outputs of the ALU or the data on the A port of 
the register stack. This is determined by the destination code 1(6, 7 , 8. 9). 

g/f 15 

0 

A multipurpose pin which indicates the carry generate (5) function at the least significant and intermediate slices or as F 15 the 
most significant ALU output (sign bit). <j/F 15 selection is controlled by the MSS pin. If MSS = HIGH,F 15 is enabled. If MSS = 
LOW, G is enabled. 

F = 0 

0 

Open drain output which goes HIGH if the F 0 -F )5 ALU outputs are all LOW. This indicates that the result of an ALU operation is 
zero (positive logic). 

C n 

1 

Carry-in to the internal ALU. 

Cn + 16 

0 

Carry-out of the internal ALU. 

°15 

ram 15 

I/O 

Bidirectional lines controlled by 1(6, 7 , s, 9 )- Both are three-state output drivers connected to the TTL-compatible inputs. 
When the destination code on 1(6, 7 , 8, 9 ) indicates an up shift, the three-state outputs are enabled, the MSB of the Q Register is 
available on the Q 15 pin and the MSB of the ALU output is available on the RAM 15 pin. When the destination code indicates a 
down shift, the pins are the data inputs to the MSB of the Q Register and the MSB of the RAM. 

Qo 

RAM 0 

I/O 

Both bidirectional lines function identically to Q 15 and RAM 15 lines except they are the LSB of the Q Register and RAM. 

(5E 

1 

Output enable. When pulled HIGH, the Y outputs are OFF (high impedance). When pulled LOW, the Y outputs are enabled. 

P/OVR 

0 

A multipurpose pin which indicates the carry propagate (P) output for performing a carry lookahead operation or overflow 
(OVR) the Exclusive-OR of the carry-in and carry-out of the ALU MSB. OVR, at the most significant end of the word, indicates 
that the result of an arithmetic two’s complement operation has overflowed into the sign bit. P/OVR selection is controlled by 
the MSS pin. If MSS = HIGH, OVR is enabled. If MSS = LOW, P is enabled. 

CP 

■ 

The clock input. LOW-to-HIGH clock transitions will change the Q Register and the register file outputs. Clock LOW time is 
internally the write enable time for the 64 x 1 6 RAM which compromises the master latches of the register file. While the clock is 
LOW, the slave latches on the RAM outputs are closed, storing the data previously on the RAM outputs. Synchronous 
MASTER-SLAVE operation of the register file is achieved by this. 

MSS 

1 

When HIGH, enables OVR and F 15 on the P/OVR and G/F 15 pins. When LOW. enables G and P on these pins. If left open, 
internal pullup resistor to V cc provides declaration that the device is the most significant slice. 


DEVICE ARCHITECTURE: 

The IDT49C402 CMOS bit-slice microprocessor is configured 
sixteen bits wide and is cascadable to any number of bits (16, 32, 48, 
64). Key elements which make up this 16-bit microprocessor slice 
are the (1) register file (64 x 16 dual-port RAM) with shifter, (2) ALU 
and (3) Q Register and shifter. 

REGISTER FILE— A 16-bit data word from one of the 64 RAM 
registers can be read from the A port as selected by the 6 -bit A ad- 
dress field. Simultaneously, the same data word, or any other word 
from the 64 RAM registers, can be read from the B port as selected 
by the 6 -bit B address field. New data is written into the RAM register 
location selected by the B address field during the clock (CP) LOW 
time. Two sixteen-bit latches hold the RAM A port and B port during 
the clock (CP) LOW time, eliminating any data races. During clock 
HIGH these latches are transparent, reading the data selected by the 
A and B addresses. The RAM data input field is driven from a four- 
input multiplexer that selects the ALU output or the D inputs. The 
ALU output can be shifted up one position, down one position or not 
shifted. Shifting data operations involve the RAM 15 and RAMo I/O 
pins. For a shift up operation, the RAM shifter MSB is connected 
to an enabled RAM 15 I/O output while the RAMo I/O input isselected 
as the input to the LSB. During a shift down operation, the RAM 
shifter LSB is connected to an enabled RAMo I/O output while the 
RAM 15 I/O input is selected as the input to the MSB. 


ALU - The ALU can perform three binary arithmetic and five logic 
operations on the two 1 6-bit input words S and R. The S input field is 
driven from a 3-input multiplexer and the R input field is driven from 
a 2-input multiplexer with both having a zero source operand. Both 
multiplexers are controlled by the l(o, 1 , 2 ) inputs. This multiplexer 
configuration enables the user to select various pairs of the A, B, D, 
Q and “0” inputs as source operands to the ALU. Microinstruction 
inputs 1 ( 3 , 4 , 5 ) are used to select the ALU function. This high-speed 
ALU cascades to any word length, providing carry-in (C n ), carry-out 
(C n + 16 ) and an open-drain (F = 0) output. When all bits of the ALU 
are zero, the pull-down device of F = 0 is off, allowing a wire-OR of 
this pin over all cascaded devices. Multipurpose pins G/F 15 and 
P/OVR are aimed at accelerating arithmetic operations. For inter- 
mediate and least significant slices, the MSS pin is programmed 
LOW, selecting the carry-generate (G) and carry-propagate (P ) out- 
put functions to be used by carry lookahead logic. For the most sig- 
nificant slice, MSS is programmed high, selecting the sign-bit (F 15 ) 
and the two’s complement overflow (OVR) output functions. The 
sign bit (F 15 ) allows the ALU sign bit to be monitored without ena- 
bling the three-state ALU outputs. The overflow (OVR) output is high 
when the two’s complement arithmetic operation has overflowed 
into the sign bit as logically determined from the Exclusive-OR of 
the carry-in and carry-out of the most significant bit of the ALU. The 
ALU data outputs are available at the three-state outputs Y(o-is)oras 




































IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


inputs to the RAM register file and Q Register under control of the 
1 ( 6 , 7 , 8 , 9 ) instruction inputs. 

Q REGISTER— The Q Register is a separate 16-bit file intended 
for multiplication and division routines and can also be used as an 
accumulator or holding register for other types of applications. It is 
driven from a 4-input multiplexer. In the no-shift mode, the multi- 
plexer enters the ALU F output or Direct Data into the Q Register. In 
either the shift up or shift down mode, the multiplexer selects the Q 
Register data appropriately shifted up or down. The Q shifter has 


two ports, Qo and Qis, which operate comparably to the RAM shifter. 
They are controlled by the 1(6. 7 . a, 9 ) inputs. 

The clock input of the IDT49C402 controls the RAM, Q Register 
and A and B data latches. When enabled, the data is clocked into the 
Q Register on the LOW-to-HIGH transition. When the clock is HIGH, 
the A and B latches are open and pass data that is present at the 
RAM outputs. When the clock is LOW, the latches are closed and 
retain the last data entered. When the clock is LOW and 1(6, 7 , 8 . 9 ) de- 
fine the RAM as the destination, new data will be written into the RAM 
file defined by the B address field. 


ALU SOURCE OPERAND CONTROL 


ALU FUNCTION CONTROL 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SOURCE OPERAND AND ALU FUNCTION MATRIX (1) 




l 2 , i, oOCTAL | 


ALU 

0 

1 

2 

3 

4 

5 

6 

7 









umwm 

FUNCTION 




ALU SOURCE 






A, Q 

A, B 

0, Q 

0, B 

0, A 

p 

> 

D, Q 

D, 0 


Cp = L 

A + Q 

A + B 

Q 

B 

A 

D + A 

D + Q 

D 

0 

R Plus S 

C n = H 

A + Q + 1 

A + B + 1 

0+1 

B + 1 

A + 1 

D + A + 1 

D + Q + 1 

D + 1 


_J 

II 

d 

Q - A- 1 

B - A - 1 

Q- 1 

B - 1 

A- 1 


Q- D- 1 

-D - 1 

1 

S Minus R 






■HH 




C n = H 

Q-A 

B-A 

Q 

B 

A 

■imih 

Q-D 

-D 



A - Q - 1 

A - B- 1 

-Q - 1 

-B- 1 



D - Q - 1 

D - 1 

2 

■m 

A- Q 

A- B 

-Q 

-B 

m 


O 

i 

o 

D 

3 

ROR S 

A V Q 

A V B 

Q 

B 

A 

D V A 

DVQ 

D 

4 

RANDS 

AAQ 

A A B 

0 

0 

0 

DA A 

DAQ 

0 

5 

RANDS 

A A Q 

A A B 

Q 

B 

A 

DA A 

DAO 

0 

6 

R EX-OR S 

A'V'Q 

AVB 

Q 

B 

A 

DV'A 

D'V'Q 

D 

7 

R EX-NOR S 

A'V'Q 

aaFb 

Q 

B 

A 

DVA 

D'V'Q 

5 


NOTE: 

1. += Plus; - = Minus; A = AND;^= EX-OR;V = OR 


ALU DESTINATION CONTROL 11 * 


MNEMONIC 

MICROCODE 

RAM 

FUNCTION 

Q REGISTER 
FUNCTION 

Y 

OUTPUT 

RAM 

SHIFTER 

Q 

SHIFTER 


D 

D 

D 

D 

HEX 

CODE 

SHIFT 

LOAD 

SHIFT 

LOAD 

RAM 0 

RAM 15 

Qo 

Ql5 

OREG 

EB 


a 

B 

8 

X 

NONE 

NONE 

F — rQ 

F 

X 

X 

X 

X 

Existing 2901 
Functions 

NOP 

D 

B 

— 

D 

9 

X 

NONE 

X 

NONE 

F 

X 

X 

X 

X 

RAMA 

D 

B 

B 

B 

A 

NONE 

F-t-B 

X 

NONE 

A 

mm 

X 

mm 

X 

RAMF 

a 

B 

B 

B 

B 

NONE 

F— »B 

X 

NONE 

F 

mm 

X 

mm 

X 

RAMQD 

EX 

ra 

B 

B 

C 

DOWN 

F/2-rB 

DOWN 

Q/2-+Q 

F 

Fq 

IN, 5 

°0 

IN,5 

RAMD 

EB 

D 

B 

B 

D 

DOWN 

F/2-fB 

X 

NONE 

F 

Fq 

in 15 

Qo 

X 

RAMQU 

Q 

B 

B 

B 

E 

UP 

2F— rB 

UP 

2Q— rQ 

F 

in 0 

^15 

IN 0 

0,5 

RAMU 

D 

D 

B 

B 

F 

UP 

2F— rB 

X 

NONE 

F 

IN 0 

F,5 

X 

Q 15 

DFF 

D 

B 

B 

B 

0 

NONE 

D— +B 

NONE 

F-fQ 

F 

X 

X 

X 

X 

New Added 
IDT49C402 
Functions 

DFA 

a 

B 

D 

m 

1 

NONE 

D— rB 

NONE 

F—+Q 

A 

X 

X 

X 

X 

FDF 

B 

B 

B 

B 

2 

NONE 

F-fB 

NONE 

D— »Q 

F 

mm 

X 

X 

X 

FDA 

B 

B 

B 

B 

3 

NONE 

F— fB 

NONE 

D-rQ 

A 

X 

X 

mm 

X 

XODF 

B 

B 

B 

B 

4 

X 

NONE 

DOWN 

Q/2-fQ 

F 

mm 

X 

Qo 

IN,S 

DXF 

B 

B 

B 

B 

5 

NONE 

D-*B 

X 

NONE 

F 

mm 

X 

°o 

X 

XQUF 

B 

B 

B 

B 

6 

X 

NONE 

UP 

2Q — ►Q 

F 

mm 

X 

I N 0 

Ql5 

XDF 

B 

B 

n 

B 

7 

X 

NONE 

NONE 

D— rQ 

F 

X 

X 

X 

Ql5 


NOTE: 


1 . X = Don’t Care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
B = Register Addressed by B inputs. 

UP is toward MSB; DOWN is toward LSB. 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


BISS! 

RATING 

COMMERCIAL 

MILITARY 

ITflTTl 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to + 7.0 

n 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.5 

1.5 

w 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

UNIT 


Input Capacitance 

Mn = 0V 

5 

PF 

W3SM 

Output Capacitance 

Mcltt = 0V 

7 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T a = 0°C to +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C V cc = 5.0V ± 10% (Military) 


SYMBOL 

PARAMETER 

TEST CONDITIONS S 

MIN. 

TYP.S 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level (4) 

2.0 

- 

- 

m 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 

l|H 

Input HIGH Current 

Vcc= Max.,ViN = Vcc 

- 

0.1 

5 

pA 

IlL 

Input LOW Current 

V cc = Max., Vin = GND 

- 

-0.1 

-5 

pA 

■ 



Ioh = -300jjA 

V HC 

Vcc 

- 


l 

Output HIGH Voltage 

Ioh = -12mA MIL. 

El 

ma 

- 

1 , 



bH = -15mA COM'L. 

EB 

f 

- 

■ 



omi 

Iqi_ = 300jjA 

- 

GND 

mm 

■ 

VoL 

Output LOW Voltage 

bL = 20mA MIL. 

- 

0.3 

0.5 

1 



b L = 24mA COM'L. 

- 

0.3 

0.5 


taz 

Off State (High Impedance) 


Vo = OV 

- 

-0.1 

-10 

pA 

Output Current 

V 0 = V cc (Max.) 

- 

0.1 

mm 

■os 

Output Short Circuit Current 

| Vcc = Min.. Vour = 0V < 3 > 

-15 

-30 


mA 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T A = 0°C to +70°C V cc = 5.0V ±5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V +10% (Military) 

V LC = 0.2 V 
V H c = V cc -0 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2> 

MAX. 

UNIT 

Iccqh 

Quiescent Power Supply Current 

Vcc — Max. 

Vhc < V|H , V|L < Vlc 
fcp = 0, CP = H 

MIL. 


150 

245 

mA 

CP = H (CMOS Inputs) 

COM'L. 

- 

150 

215 

a 

Quiescent Power Supply Current 

Vcc = Max. 

Vhc < Vih, Vil < Vlc 
f CP = 0, CP = L 

MIL. 

- 

80 

125 

mA 

CP = L (CMOS Inputs) 

COM'L. 

- 

80 

110 

a 

Quiescent Input Power Supply (5) 

V cc = Max. Vih = 3.4V, fcp = 0 

MIL. 

- 

0.3 

0.6 

mA/ 

Current (per Input @ TTL High) 

COM'L. 

- 

0.3 

0.5 

Input 

pa 

Dynamic Power Supply Current 

Vcc = Max. 

Vhc 5 Vih. Vl V LC 

Outputs Open, OE = L 

MIL. 

- 

2.0 

3.0 

mA/ 

D 

COM'L. 

- 

2.0 

2.5 

MHz 

■ 


V cc = Max., f CP = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V H c < Vih . V,l < V LC 

MIL. 

- 

135 

210 


I 

(6) 

Total Power Supply Current 

COM'L. 

- 

135 

190 

mA 

Vcc = Max., f C p = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V, V| U = 0.4V 

MIL. 

- 

145 

225 

■ 


COM'L. 

- 

145 

200 



NOTES: 

5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh, then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

Ice = IcCQh(CD h ) + ICCQL (1 - CD h ) + l C CT (N T x D h ) + I CCD (^Cp) 

CDh = Clock duty cycle high period 
Dh = Data duty cycle TTL high period (Vin = 3.4V) 

Nr = Number of dynamic inputs driven at TTL levels 
fcp = Clock Input frequency 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test en- 
vironment. Large output currents are being switched in very short 
periods and proper testing demands that test set-ups have mini- 
mized inductance and guaranteed zero voltage grounds. The tech- 
niques listed below will assist the user in obtaining accurate testing 
results: 

1) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may oscillate, causing improper 
device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply lines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device testing. 
The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is necessary. The 
ground plane must be sustained from the performance board to 
the DUT interface board and wiring unused interconnect pins to 
the ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) Toguarantee data sheet compliance, the input thresholds should 
be tested per input pin in a static environment. To allow fortesting 
and hardware-induced noise, IDT recommends using V| L < 0V 
and Vih > 3 V for AC tests. 


8-145 

































































IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C402A CYCLE TIME AND CLOCK CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT49C402A overthe-55°C to + 125°CandO°Cto +70°Ctem- 
perature ranges. All times are in nanoseconds and are measured 
at the 1 .5V signal level. The inputs switch between OV and 3 V with 
signal transition rates of IV per nanosecond. All outputs have maxi- 
mum DC current loads. 


COMBINATIONAL PROPAGATION DELAYS (1> C L = 50pF 



MIL. 

COM’L 

UNIT 

Read-Modify-Write Cycle (from 
selection of A. B registers to end 
of cycle) 

28 

24 

ns 

Maximum Clock Frequency to 
shift Q (50% duty cycle. 

1 = C32 or E32) 

35 

41 

MHz 

Minimum Clock LOW Time 

13 

11 

ns 

Minimum Clock HIGH Time 

13 

11 

ns 

Minimum Clock Period 

36 

31 

ns 


FROM INPUT 

TO OUTPUT 

Y 

(MSS = L) 

G, P 

(MSS = H) 

Fis OVR 

Cn+16 


RAM 0 

ram 15 

Hi 

UNIT 



COM’L. 


COM’L. 


COM’L 


COM’L. 

KIM 


EE 


ES 

COM’L. 

IfffW 

(Emm 

A. B Address 

EB 

37 

iji 

35 

EB 

37 

EB 

37 

E9 

34 

EB 

37 

19 

36 

- 


ns 

D 

BcHf 

29 

0 

26 

EB 

26 

EB 

28 

O 

25 


29 

El 

26 

- 

- 

ns 

Cn 

m 

25 


- 


24 

O 

23 

KM 

18 

29 

26 


21 

- 

- 

ns 

lo. 1,2 

KM 

32 

KM 

27 

KM 

32 

EB 

31 

m 

26 

KB 

32 

30 

27 

- 


ns 

b, 4. 5 


32 

mm 

26 

EB 

31 

EB 

31 

0 

25 


32 

m 

26 

- 


ns 

Is. 7. 8. 9 

m 

23 


- 


- 


- 


- 


- 

Kif 

18 

EH 

18 

ns 

A Bypass 

ALU (1 = AXX, 
1XX, 3XX) 

30 

27 

B 

■ 

B 

■ 

■ 

■ 

■ 

■ 

l 

■ 

fl 

■ 

B 

■ 

ns 

Clock jf~ 

EB 

31 

EB 

28 

O 

30 

O 

31 

0 

27 

E3 

31 

E9 

31 

O 

23 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 



"■ ' 

INPUT 

SET-UP TIME 
BEFORE H— >L 

HOLD TIME 

AFTER H— fL 

SET-UP TIME 
BEFORE L-+H 

HOLD TIME 

AFTER L— rH 

UNIT 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

A. B Source Address 

11 

10 

0< 3 > 

0< 3 > 

21, 10 + TPWL <4) 

2 

1 

ns 

B Destination Address 

11 

10 

Do not change ( 2 ) 

2 

1 

ns 

D 

_ 0) 

- 



12/22 < 5 > 

10/20 < 5 > 

2 

1 

ns 


hehi 

BI^MH 

kbh 

hbh 

17 

15 

0 

0 

ns 

lo. 1.2 

- 

- 

- 

- 

28 

25 

0 

0 

ns 

13. 4, 5 

- 

- 

- 

- 

28 

25 

0 

0 

ns 

le. 7. 8, 9 

11 

10 

Do not change! 2 ) 

0 

0 

ns 

RAMo. 15, Qo, 15 

- 

- 

~ 1 ~ 1 12 1 11 

0 

0 

ns 


NOTES: 


1 . A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable priorto the H — f Ltransition to allowtime to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination; i.e. , if data is not being written back into the RAM . N ormally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L— ► H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. It includes all 
the time from stable A and B addresses to the clock L— ► H transition, regardless of when the H — ► L transition occurs. 

5. First value is direct path (DATA| N — *• RAM/Q Register). Second value is indirect path (DATA^ — ► ALU — ► RAM/Q Register). 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C402 

AC ELECTRICAL CHARACTERISTICS 
(Military and Commercial Temperature Ranges) 

The tables below specify the guaranteed performance of the 
IDT49C402 over the -55°C to + 125°Cand 0°Cto + 70°Ctem- 
perature ranges. All times are in nanoseconds and are measured 
at the 1.5V signal level. The inputs switch between OV and 3V with 
signal transition rates of IV per nanosecond. All outputs have maxi- 
mum DC current loads. 


CYCLE TIME AND CLOCK CHARACTERISTICS 


COMBINATIONAL PROPAGATION DELAYS (1) C L = 50pF 



MIL 

COM’L 

UNIT 

Read-Modify-Write Cycle (from 
selection of A, B registers to end 
of cycle) 

50 

48 

ns 

Maximum Clock Frequency to 
shift Q (50% duty cycle, 

1 = C32 or E32) 

20 

21 

MHz 

Minimum Clock LOW Time 

30 

30 

ns 

Minimum Clock HIGH Time 

20 

20 

ns 

Minimum Clock Period 

50 

48 

ns 


FROM INPUT 

TO OUTPUT 

Y 

( MS| = L) 

(MSS = H) 

F 1S OVR 

Cn+16 

■a 

RAM 0 

RAM 1S 

o° a 

UNIT 



COM’L 


COM’L 


COM’L 


COM’L 

EH 

HHHI 






['«•«{ ?(W 

A, B Address 

m 

47 

El 

42 

m 

47 

K9 

42 

m 

34 

B 

47 

a 

40 

- 

- 

ns 

D 

Q 

32 

19 

31 


32 

m 

31 

0 

25 


32 

m 

26 

- 

- 

ns 

Cn 

m 

26 


- 

JEM 

26 

0 

25 

JEM 

18 

m 

26 


21 

- 

- 

ns 

lo, 1 , 2 

wm 

37 


27 

m 

37 

m 

35 

JEM 

26 

ESI 

37 

30 

27 

- 

- 

ns 

b, 4. 5 

0 

36 

m 

26 

m 

36 

0 

34 

JEM 

25 

m 

36 

m 

26 

- 

- 

ns 

'e. 7. 8, 9 


24 


- 


- 


- 


- 


- 

EE 

18 

ESI 

18 

ns 

A Bypass 

ALU (1 = AXX, 
1XX, 3XX) 

30 

27 

fl 

■ 

B 

■ 

B 

■ 

B 

■ 

B 

B 

■ 

- 

B 

- 

ns 

Clock _f~ 

m 

38 

O 

37 

m 

38 

19 

37 

EHI 

27 

m 

38 

D 

37 

O 

23 

ns 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 



" ^ 7^ 

INPUT 

SET-UP TIME 
BEFORE H— rL 

HOLD TIME 

AFTER H— +L 

SET-UPTIME 
BEFORE L-*H 

HOLD TIME 

AFTER L— *H 

UNIT 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

MIL 

COM’L 

A, B Source Address 

20 

18 

0 < 3) 

0< 3 > 

50, 20 + TPWL (4) 

2 

1 

ns 

B Destination Address 

20 

18 

Do not change < 2 ) 

2 

1 

ns 

D 

_ ID 

- 

- 

- 

30/40 < 5 > 

26/36 < 5 > 

2 

1 

ns 

Cn 

- 

- 

- 

- 

35 

32 

0 

0 

ns 

lo, 1 , 2 

- 

- 

- 

- 

45 

41 

0 

0 

ns 

13. 4. 5 

- 

- 

- 

- 

45 

41 

0 

0 

ns 

le. 7, 8. 9 

12 

11 

Do not change < 2 > 

0 

0 

ns 

RAMo. 15 , Co. 15 

- 

- 

1 - | 12 | 11 

0 

0 

ns 


NOTES: 

1. A dash indicates a propagation delay or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. 

3. Source addresses must be stable prior to the H — ► Ltransition to allow time to access the source data before the latches close. The A address may then be 
changed. The B address could be changed if it is not a destination: i.e., if data is not being written back into the RAM. Normally A and B are not changed 
during the clock LOW time. 

4. The set-up time prior to the clock L— ► H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM . It includes all 
the time from stable A and B addresses to the clock L— ► H transition, regardless of when the H — ► L transition occurs. 

5. First value is direct path (DATA in —*■ RAM/Q Register). Second value is indirect path (DATAn — ► ALU — ► RAM/Q Register). 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C402A 

OUTPUT ENABLE/DISABLE TIMES 

(C L = 5pF, measured to 0.5V change of V 0UT in nanoseconds) 


INPUT 

OUTPUT 

! ENABLE 

i DISABLE | 

MIL 

COM’L 

MIL 

COM’L 

OE 

Y 

22 

20 

20 

18 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

iV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


IDT49C402 

OUTPUT ENABLE/DISABLE TIMES 

(C L = 5pF, measured to 0.5V change of V 0UT in nanoseconds) 


INPUT 

OUTPUT 

| ENABLE 

1 DISABLE | 

MIL 

COM’L 

MIL 

COM’L 

61 

Y 

25 

23 

25 

23 


TEST LOAD CIRCUIT 



Figure 1. Switching Test Circuit (All Outputs) 


INPUT/OUTPUT INTERFACE CIRCUIT 




OUTPUTS 


-CHtp 


O OUTPUTS 


Figure 2. Input Structure (All Inputs) 


Figure 3. Output Structure 
(All Outputs Except F = 0) 


Figure 4. Output Structure 
(F = 0) 
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IDT49C402/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CRITICAL SPEED PATH ANALYSIS 

Critical speed paths are for the IDT49C402A versus the equiva- 
lent bipolar circuit implementation using four 2901Cs and one 
2902A is shown below. 

The IDT49C402A operates faster than the theoretically achiev- 
able values of the discrete bipolar implementation. Actual speed 
values for the discrete bipolar circuit will increase due to on-chip/ 
off-chip circuit board delays. 


TIMING COMPARISON; IDT49C402A vs 2901 C w/2902 A 



DATA PATH 

DATA PATH 


16-BIT 
pP SYSTEM 

(COM’L.) 

(MIL.) 

UNIT 

AB ADDR -+ F = 0 

AB ADDR — ► RAM 0i 15 

AB ADDR-k F = 0 

AB ADDR ->• RAM 0j 15 


Four 2901 Cs + 2902A 

>71 

>71 

>83.5 

>83.5 

ns 

IDT49C402A 

37 

36 

41 

40 

ns 

Speed Savings 

34 

35 

42.5 

43.5 

ns 


TIMING COMPARISON: IDT49C402 vs 2901 C W/2902A 


16-BIT 
pP SYSTEM 

DATA PATH 
(COM’L.) 

DATA PATH 
(MIL.) 

UNIT 

AB ADDR — + F = 0 

AB ADDR -t- RAM 0i15 

AB ADDR — ► F = 0 

AB ADDR— ► RAM 01S 


Four 2901 Cs + 2902A 

>71 

>71 

>83.5 

>83.5 

ns 

IDT49C402 

47 

40 

52 

44 

ns 

Speed Savings 

24 

31 

31.5 

39.5 

ns 


8 


ORDERING INFORMATION 


IDT 


XXXXXX X 

Device Type Speed 


Package Process/ 
Temperature 


BLANK 

B 


XC 

J 

L 

XL 

G 

PG 

BLANK 

A 

49C402 


Commercial 
(0°C to +70°C) 

Military 

(-55° C to +125°C) 

Compliant to MIL-STD-883, Class B 

SHRINK-DIP Sidebraze 
PLCC 

Leadless Chip Carrier (50 mil centers) 
Leadless Chip Carrier (25 mil centers) 
Pin Grid Array 
Plastic Pin Grid Array 

Standard Speed 
High-Speed 

16-Bit Microprocessor Slice 
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Integrated Device Technology, Inc, 


16-BIT CMOS 

MICROPROCESSOR 

SLICE 


PRELIMINARY 

IDT49C403 

IDT49C403A 


FEATURES: 

• Monolithic 16-bit CMOS pP Slice 

• Replaces four 2903As/29203s and a 2902A 

• Fast 

— 50% faster than four 2903As/29203s and a 2902 

• Low power CMOS 

— Commercial: 250mA (max.) 

— Military: 275mA (max.) 

• Performs binary and BCD Arithmetic 

• Expanded two-address architecture with independent, 
simultaneous access to two, expandable 64 x 16 register files 

• Word/Byte Control 

• Expanded 4 x 16 Q Register 

• Performs Byte Swap and Word/Byte Operation 

• Fully cascadable without the need for additional carry 
lookahead 

• Incorporates three 16-bit Bidirectional Busses 

• Includes Serial Protocol Channel (SPC ™) 

— Flexible on-chip diagnostics 

— Serially monitors all pin states 

— Reads and Writes to Register File 

• High Output Drive 

— Commercial: 16mA (max.) 

— Military: 12mA (max.) 

• Available in 108-pin PGA 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49C403 is a high-speed, fully cascadable 16-bit CMOS 
microprocessor slice. It combines the standard function of four 
2903s/29203s and one 2902 with additional control features aimed 
at enhancing the performance of all bit-slice microprocessor 
designs. 

Included in this extremely low power, yet fast I DT49C403 device 
are 3 bidirectional data buses, 64 word x 16-bit two-port expand- 
able RAM, 4 word x 16-bit Q Register, parity generation, sign exten- 
sion, multiplication/division and normalization logic. Additionally, 
the IDT49C403 offers the special feature of enhanced byte support 
through both word/byte control and byte swap control. 

The IDT49C403 easily supports fast 100ns microcycles and will 
enhance the speed of all existing quad 2903A/29203 systems by 
50%. Being specified at an extremely low 225mA, the IDT de- 
vice offers an immediate system power savings and improved 
reliability. 

Also featured on the IDT49C403 is an innovative diagnostics 
capability known as Serial Protocol Channel (SPC). This on-chip 
feature greatly simplifies the task of writing and debugging 
microcode, field maintenance debug and test, along with system 
testing during manufacturing. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


8-150 











IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DETAILED BLOCK DIAGRAM 



SDO DCMP 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


M 

<§) 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

(§) 

L 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

K 

© 

© 

© 

© 

© 

©' 

© 

© 

© 

© 

© 

© 

J 

© 

© 

© 

1 

— 

1 

1 



— 

1 

© 

© 

© 

H 

© 

© 

© 

1 

1 





1 

1 

© 

© 

© 

G 

© 

© 

© 

1 

| 


108- 

P.G 

PIN 

.A. 


1 

1 

| 

© 

© 

© 

F 

© 

© 

© 

1 

1 


BOTTOM 

VIEW 


1 

1 

© 

© 

© 

E 

® 

© 

© 

1 

1 





1 

1 

© 

© 

© 

D 

© 

© 

© 

1 

1 

— 

— 

— 

— 

1 

1 

© 

© 

© 

C 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

B 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

A 


© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

PIN 

NO. 

NAME 

A1 

N/C 

B4 


C7 

DCMP 

E10 

W/B 

HI 

DA2 

19 

DA8 

19 

WE 

M10 

Qo 

A2 

v cc 

B5 


C8 

Is 

Ell 

OEY 

H2 

DA3 

19 

DAI 2 

19 

B 2 

Mil 

v cc 

A3 

Qeb 

B6 


C9 

IEN 

E12 

SICb 

H3 

DA5 

19 

N/C 

19 

b 5 

M12 

N/C 

A4 

DB5 

B7 

MSS 

CIO 

y 2 

FI 

GND 

H10 

^13 

K7 

Bo 

lio 

°1 



A5 

DB3 

B8 

h 

C11 

y 5 

F2 

DB15 

H11 

\/ 

•11 

K8 

B4 

lii 

SCLK 



A6 

DBO 

B9 

C n + 16 

Cl 2 

y 8 

F3 

DB14 

H12 

^10 

K9 


L 12 

C/D 



A7 

GND 

BIO 

P/OVR 

D1 

DB11 

F10 
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|0 
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PIN DESCRIPTION 


PIN NAME 

I/O 

DESCRIPTION 

Ao-5 

1 

Six address inputs to the RAM containing the address of the RAM word appearing at output port A. 

B 0-5 

B 

Six address inputs to the RAM which selects one of the words in the RAM, the contents of which is displayed through 
the B port. It also selects the location into which new data can be written when the WE input and CP input are low. 

DAo-15 

I/O 

Sixteen bi-directional data pins acting as operands R for entering external data into the ALU. DA 0 is the LSB. The DA 
lines also function as an external output for RAM port A. 

DB 0-15 

I/O 

Sixteen bi-directional data pins for entering external data into the ALU. The DB lines act as either RAM port B output 
data, or as input operands S to the ALU. 

WE 

■I 

The RAM write enable input, which when LOW causes the Y I/O port data to be written into the RAM when the CP input 
is low. When WE is HIGH writing data into the RAM is inhibited. 

OEA 

H 

Output enable, which, when HIGH selects DAq-is as the ALU R operand, and, when LOW, selects RAM output A as the 
ALU R operand and the DA 0 _ 15 output data. 

OEB 

B 

Output enable, which, when HIGH selects DB 0 -i 5 as the ALU S operand, and, when LOW, selects RAM output B as the 
ALU S operand and the DB 0 _ 15 output data. 

SIOq 

SI0 15 

I/O 

Bidirectional serial shift inputs/outputs for the ALU shifter. SIO [p an input and SIO 15 is an output during a shift-up operation. 
SIO 15 is an input and SlOo is an output during a shift-down operation. Refer to Tables 4 (a, b, c, d) and 5 for an exact 
definition of these pins. 

QIQo 

010,5 

I/O 

Bidirectional serial shift inputs/outputs for the Q registers shifter. They operate like SIO 0 and SI0 15 pins. Refer to 

Tables 4 (a. b, c, d) and 5 for an exact definition of these pins. 

Cn 

1 

Carry-in input to the ALU. 

Ten 

■ 

Instruction enable input. When LOW, it enables writing into the Q register and the Sign Compare flip-flop. When HIGH, 
the Q register and the Sign Compare flip-flop are in hold mode. IEN does not affect WRITE, but internally disables the 
RAM write enable. 

LSS 

B 

Input pin, when held LOW, causes the chip to act as either stand alone slice (SA) or the least significant slice (LSS). 
When LSS is held HIGH, the chip acts as either an intermediate slice or most significant slice. 

MSS 

11 

Input pin, when held LOW, programs the chip to act as either stand alone slice (SA) or the most significant slice (MSS), 
and holding it HIGH programs the chip to act either as an intermediate slice (IS) or the least significant slice (LSS). 

WRITE 

0 

The WRITE signal is LOW when an instruction which causes data to be written into the RAM is being executed. This pin 
is normally connected to the WE pin. 

C n + 18 

o 

This output indicates the carry out of the ALU. Refer to Tables 6a and 6b for an exact definition of this pin. 

2 

I/O 

An open drain bidirectional pin. When HIGH it indicates that all outputs are LOW. Z is used as an input pin for some 
special functions. Refer to Tables 6a and 6b for an exact definition of this pin. 

G/N 

B 

G indicates the carry generate function at the least significant and intermediate slices, and indicates the sign, N, of the 
ALU result at the most significant slice. Refer to Tables 6a and 6b for an exact definition of this pin. 

OEY 

B 

A control input pin. When LOW the ALU shifter output data is enabled onto the Y 0 _ 15 lines. When HIGH the Y 0 _ 15 
three-state output buffers are disabled. 

CP 

B 

Clock input. The Sign Compare flip-flop and the Q register are clocked on the LOW-to-HIGH transition of the CP signal. 
When WE and CP are LOW, data is written into the RAM. 

P/OVR 

0 

P indicates the carry propagate function at the least significant and intermediate slices, and indicates the conventional 
two's complement overflow, OVR, signal at the most significant slice. Refer to Tables 6a and 6b for an exact definition 
of this pin. 

Xd-is 

I/O 

Sixteen bi-directional data pins. Controlled by OEY input, the ALU shifter output data can be enabled onto these lines, or 
external data is written directly into the RAM using these lines as data inputs. 

*0-8 

1 

The nine instruction inputs used to select the IDT49C403 operation to be performed. 

Qo-i 

1 

Two address pins to select one of the four Q registers. 

W/B 

B 

Word/Byte control pin. Used only in the standard function mode, it selects Word mode when held HIGH and Byte mode 
when held LOW. Must be tied HIGH when the special functions are being used. 

SDI 

B 

Serial Data Input pin, used for receiving diagnostic data and commands from a host system or from the SDO pin of a 
cascaded processor. 

SDO 

0 

Serial Data Output pin, used for transmitting diagnostic data and commands to a host system or a cascaded processor 
via its SDI pin. 

C/D 

■ 

Input pin, when LOW defines the bit pattern being received at the SDI pin as Data, and when HIGH defines the incoming 
pattern as a Command for executing diagnostic functions. This pin should be tied HIGH when the diagnostics feature is 
not being used. 

SCLK 

1 

Input pin used for clocking in diagnostic data and command information at the SDI pin. This pin should be tied LOW 
when the diagnostics function is not being used. 

DCMP 

0 

Output pin, which, when HIGH indicates that the internal comparison between the Y or Q bus data and the data from 
the diagnostics data register resulted in a TRUE (they were equal). This feature is used for breakpoint detection. It is an 
open-drain pin and can be wire AND with other DCMP pins. 
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DEVICE ARCHITECTURE 

The IDT49C403 CMOS microprocessor slice is configured six- 
teen bits wide and is cascadable to any number of bits (32, 48, 64, 
etc.). Key elements which make up this sixteen-bit microprocessor 
slice are: (1) the RAM file (a 64 x 16 dual-port RAM) with latches on 
both outputs. (2) a high-performance ALU with shifter, (3) a flexible 
Q register file (4x16 bits) with shifter input, (4) a nine-bit instruction 
decoder, and (5) Serial Protocol Channel. 

The IDT49C403 incorporates Serial Protocol Channel (SPC™). 
For system testing and debugging purposes SPC is a method by 
which data can be entered into and extracted from a device 
through a serial data input output, thus providing access to all inter- 
nal registers. 

REGISTER FILE 

The Register File is composed of 64 x 16 bit RAM locations. The 
RAM data is read from the A-port as controlled by the 6-bit A ad- 
dress field input. Simultaneously, data can be read from the B port 
as defined by the 6-bit B address field input. If the same address is 
applied at both the A input field and the B input field, identical data 
will appear at the two respective output ports. Data is written into 
the RAM when WE, IEN and the clock CP are LOW. Both the RAM 
output data latches are transparent while CP is HIGH and la tch the 
data when CP is LOW. The three-state output enab le OE B allows 
RAM B port data to be read at the DB I/O port, while OEA performs 
the same function for the A port data at the DA I/O port. 

New data is written into the RAM word defined by the B address 
field. External data at the Y I/O port can be written directly into the 
RAM, or the ALU shifter output data can be enabled onto the Y I/O 
port and written into the RAM. 

ALU 

The ALU can perform seven arithmetic and nine logic opera- 
tions on the two 16-bit input words Sand R. Multiplexers at the ALU 
inpu ts all ow selection of various pairs of ALU source operands. 
The O EA input selects either external DA d ata or RAM A port output 
data as the 16-bit R source operand. The OEB and lo inputs pro- 
vide selection of either RAM B port output, external DB data or the 
Q register file output as the 16-bit S source operand. Also, during 
certain ALU operations, zeroes are forced at the ALU operand in- 
puts. Thus, the ALU can operate on data from two external sources, 
from an external and an internal source, or from two internal 
sources. Ta ble 1 show s all possible pairs of source operands as 
selected by OEA, OEB, and lo inputs. 


Table 1. ALU Operand Sources d> 


OEA 

*0 

OEB 

ALU OPERAND R 

ALU OPERANDS 

L 

L 

L 

Ram Output A 

Ram Output B 

L 

L 

H 

Ram Output A 

DBo _ 15 

L 

H 

X 

Ram Output A 

Q Register 

H 

L 

L 

DAo-,5 

Ram Output B 

H 

L 

H 

DAo-15 

DBq-15 

H 

H 

X 

DA 0-15 

Q Register 


NOTE: 

1. L = LOW, H = HIGH, X = DON’T CARE 


The ALU performs special functions when instruction bits I 3 , 12 , 
li , and lo are LOW. Table 5 defines these special functions and the 
operation which the ALU performs for each. When the ALU exe- 
cutes instructions other than the special functions, the operation is 
defined by instruction bits L, I 3 , 12 , and li . Table 2 defines the op- 
eration as a function of these four instruction bits. 


Table 2. IDT49C403 ALU Functions^ 


>4 

U 

12 

li 

lo 

ALU FUNCTIONS 

L 

L 

L 

L 

L 

Special Functions 

L 

L 

L 

L 

H 

Fj = HIGH 

L 

L 

L 

H 

X 

F = S-R-1 + Cn 

L 

L 

H 

L 

X 

F=R-S-1+Cn 

L 

L 

H 

H 

X 

F = R + S+ C n 

L 

H 

L 

L 

X 

F = S+C n 

L 

H 

L 

H 

X 

F = S + C n 

L 

H 

H 

L 

L 

Reserved Special Functions 

L 

H 

H 

L 

H 

F = R + C n 

L 

H 

H 

H 

L 

Reserved Special Functions 

L 

H 

H 

H 

H 

F = R + C n 

H 

L 

L 

L 

L 

Special Functions 

H 

L 

L 

L 

H 

Fj =LOW 

H 

L 

L 

H 

X 

F, =R ANDS 

H 

L 

H 

L 

X 

Fj =R, EXCLUSIVE NOR S, 

H 

L 

H 

H 

X 

F, = R, EXCLUSIVE OR S, 

H 

H 

L 

L 

X 

Fj = R, ANDS, 

H 

H 

L 

H 

X 

Fj =R, NORS, 

H 

H 

H 

L 

X 

F, =R, NANDS, 

H 

H 

H 

H 

X 

Fj =R, ORS, 


NOTE: 

1. L=LOW. H = HIGH. i=0 to 15, X= Don't Care 


The IDT49C403 may be cascaded in either a ripple carry or 
carry lookahead fashion. When configured as cascaded ALUs, the 
IDT49C403s must be programmed to be a most significant slice 
(MSS), an intermediate slice (IS), ora least significant slice (LSS) of 
the array. The carry generate, G , and carry propagate, P, signals 
that are necessary in a cascaded system are available as outputs 
on the IDT49C403 least significant and intermediate slices. 

The IDT49C403 provides a carry-out signal C n + is which is 
available as an output of each slice. The carry-in, C n , and carry-out, 
C n + ie, are both active HIGH. Two other status outputs are gener- 
ated by the ALU. These are the negative, N, and the overflow, OVR. 
The N output indicates positive or negative results, while the OVR 
output indicates that the arithmetic operation performed exceeded 
the available two’s complement range. Thus the pins G/N and 
P/OVR indicate carry generate or propagate on the least significant 
and intermediate slice, and sign and overflow on the most signifi- 
cant slice. 

Refer to Tables 6a and 6b for an exact definition of these four 
signals. 

ALU DESTINATION CONTROL 

The following tables show how the shifter at the output of the 
ALU should function for non-special instructions. The main addi- 
tion with respect to the IDT39C203 is the built in byte capability. 

The 49C403 has two write enables internally. One for the upper 
byte and one for the lower byte. The enablesare controlled by the 
instruction decode, external WEandtheW/B input. For conven- 
ience to the user, the unused bits on the Y bus (MSB 8) are 

zero during byte op eration. The WE input must be directly con- 
nected to the WRITE output, or indirectly through some amount of 
gating (i.e., expansion RAM decoding gates). 


8-154 







IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


The sign extend function is an exception to the rule with regard 
to the internal byte write enables. When executed, all of the write 
enables are active, irrespective of W/B . In the SA and LSS slices, 
the contents of bit 7 is replicated on bits 8 to 15 and SIO15 in the byte 
mode. In the word mode bit 15 is placed on SIO15. In this way an 
8-bit word (byte) or a 16-bit word can be extended to the entire 
width of the native data path. Extends of larger words t han th ese, 
such as 24 and 32 bits, can be achieved by steering the MSS and 
LSS inputs of the IS slices to inform which device has the sign bit to 
extend. As Sign Extend requires internal gating of the write enables 
to the upper and lower portions of RAM, the instruction will not work 
with locations in memory expansion RAM. 

ALU SHIFTER 

The ALU shifter shifts the ALU output data under instruction 
control. It can shift up one bit position (2F), shift down one bit posi- 
tion (F/2), or pass the ALU output non-shifted (F). An arithmetic 


shift operation shifts the data around the most significant (Sign) bit 
of the most significant slice and a logical shift operation shifts the 
data through the most significant bit. Figure 1 shows these shift 
patterns. The SlOo and SlOisare bidirectional serial shift input/out- 
put pins. During a shift-up operation, SlOo is generally an input 
while SIO15 is an output, whereas during a shift-down operation 
SlOo is generally an output while SIO15 acts as an input. Refer to 
Tables 4 (a, b, c, d) and 5 for an exact definition of these pins. 

The ALU shifter also provides sign extension and parity generat- 
ing/checking capabilities. Under instruction control, the SlOo 
(Sign) input can be extended through Yo, Yi , Y 2 Y 15 and propa- 

gated to the SIO15 output. A cascadable, five-bit parity generator/ 

checking generates parity for the Fo, Fi, F2 F15 ALU outputs 

and SIO15 input and, under instruction control, is made available at 
the SlOo output. 


BYTE 

OPERATION 


WORD 

OPERATION 


r— ARITH. 


LOG. 


1 ARITH. 


*— LOG. 


SIO 15 


SIO 15 


SIO, £ 


SIO15 


Lr 



0 0 0 0 0 0 0 



MSB 

8 

7 

6 0 



ZD 




MSB 

8 

7 

0 


I 



|_NJ 


MSB 

14 


0 



uT 


lT 


lT 


lT 


SlOo 


SlOo 


SIO 0 


SlOo 


MSB 



Figure 1. IDT49C403 Arithmetic and Logical Shift Operations 


Table 5 defines the special functions and the operation the ALU 
shifter performs for each instruction. For instructions other than the 
special functions, the ALU shifter operation is determined by in- 
struction bits la, I 7 , le, and I 5 . Table 4 (a, b, c, d) defines the ALU 
shifter operation as a function of these four bits. 

WORD/BYTE CONTROL AND BYTE SWAP 

In addition to the special ALU functions, the IDT49C403 also 
provides a_Word and Byte control and Byte Swap features. 

The W/B pin at the Instruction Decoderjnput selects ALU opera- 
tion on either a Word or a Byte. When W/B is HIGH, the ALU oper- 
ates on a Word and, when W/B is LOW, the ALU operates on a Byte. 
Table 4 (a, b, c, d) shows the ALU Destination Controls for Word 
and Byte operations for each instruction mode. 

The Byte Swap special function allows the positions of the Up- 
per and Lower bytes to be swapped before entering them as the 
ALU S operand. The ALU function then adds C n to this swapped 
word as its F output. Table 5 shows the instruction set that allows 
the ALU to operate the Byte Swap feature. 

Q REGISTER FILE 

The Q register is a separate 4-word by 16-bit file intended pri- 
marily for multiplication and division routines and can also be used 
as an accumulator or holding register for other types of applica- 
tions. The ALU output, F, can be loaded into the Q register and/or 
the Q register output can be selected as one of the ALU S oper- 
ands. The shifter at the input to the Q register performs only logical 


shifts. It can shift-up the data one bit position ( 2 Q) or down one bit 
position (Q/2). For a shift-up operation, QlOo acts as an input while 
QIO15 acts as an output; whereas, for a shift-down operation, QlOo 
is an output and QIO15 is an input. By connecting QIO15 of the most 
significant slice to SlOo of the least significant slice, double-length 
arithmetic and logical shifting is possible with cascaded 
1DT49C403S. 

The Qo and Qi inputs enable selection of any one of the four 
16-bit Q register files. Once a specific Q register has been selected, 
access to the other three Q registers is disabled and can be 
gained only after changing Qo and Qi levels to enable a different Q 
register. 

Table 5 defines the special functions and the operations which 
the Q register and shifter perform for selected instruction inputs. 
While executing instructions other than the special functions, the Q 
register and shifter operation is controlled by instruction bits la, I7, la 
and Is. Table 4 (a, b, c, d) defines the Q register and shifter 
operation as a function of these four bits. 

INSTRUCTION DECODER 

The internal control signals necessary for the operation of the 
IDT49C403 are generated by the instruction decoder as a function 
of the n ine in struction input s, lo-a; the instruction enabl e input, 
IEN; the LSS input; the MSS input; the W/B input and the WRITE 
output. 

The WRITE output is LOW when an instruction which writes data 
into the RAM is executed. Refer to Tables 4 (a,b,c,d) and 5 for 
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a definition of the WRITE output as a function of the instruction 

inputs. 

When IEN is HIGH, the WRITE output is forced HIGH and theQ 
register and Sign C ompare Flip-Flop contents are preserved. 
When IEN is LOW, the WRITE output is enabled and the Q register 
and Sign Compare Flip-Flop can be written according to the 
IDT49C403 instruction. The Sign Compare Flip-Flop is an on-chip 
flip-flop which is used during a divide operation. See Figure 2. 

^ 15 ^ F 15 

SPECIAL 
FUNCTION 
AORC 

TEHST 


Figure 2. Sign Compare Flip-Flop 



SLICE POSITION PROGRAMMING 

The IDT49C403 can be programmed to operate in either a cas- 
caded application or in the standalone mode. Table 3 shows its 
four programmed modes. 


Table 3. SLICE Programming 



SPECIAL FUNCTIONS 

Seventeen special functions are provided on the IDT49C403 
which permit the implementation of the following operations: 

• Single and Double Length Normalization 

• Two’s Complement Division 

• Unsigned and Two’s Complement Multiplication 

• Conversion Between Two’s Complement and Sign/Magnitude 
Representation 

• Incrementation and Decrementation by One or Two 

• BCD Add, Subtract, and Divide by Two 

• Single and Double-precision BCD-to Binary and Binary-to-BCD 
Conversion 

• Byte Swap 

Adjusting a single-precision or double-precision floating-point 
number in order to bring its mantissa within a specified range can 
be performed using the single-length and double-length normali- 
zation operations. 

Three special functions can be used to perform a two’s comple- 


ment, non-restoring divide operation. They provide single and 
double-precision divide operations and can be performed in “n” 
clock cycles (where “n” is the number of bits in the quotient). 

The unsigned multiply special function and the two two’s com- 
plement multiply special functions can be used to multiply two 
n-bit, unsigned or two’s complement numbers respectively, in ’n’ 
clock cycles. During the last cycle of the two’s complement multi- 
plication, a conditional subtraction rather than addition is per- 
formed due to the fact that the sign bit of the multiplier carries nega- 
tive weight. 

The sign/magnitude— two’s complement special function can 
be used to convert number representation systems. A number 
expressed in sign/magnitude representation can be converted to 
the two’s complement representation, and vice-versa, in one clock 
cycle. 

Incrementing an unsigned or two’s complement number by one 
or two is easily accomplished using the increment by one or two 
special function. 

In addition to BCD arithmetic special functions to add or sub- 
tract two BCD numbers, a BCD divide by two adjust instruction 
can be used to obtain a valid BCD representation after shifting a 
number down by one bit. 

The BCD/Binary conversion special function instructions permit 
single and double-precision algorithms to convert from BCD-to- 
Binary and from Binary-to-BCD. 

The Byte Swap feature allows the swapping of Lower and Upper 
bytes of a word before presenting them as the ALU S operand. The 
ALU then adds the carry C n to this swapped word to form its F out- 
put. This feature functions only for the ALU S operand. 

SERIAL DIAGNOSTICS 

The Serial Protocol Channel ™ (SPC) is a flexible on-chip fea- 
ture of the IDT49C403 and is a set of pins by which data can be 
entered into and extracted from a device through a serial data input 
and output port. 

SPC can be used at many points in the life of a product fordiag- 
nostic purposes such as system level design debug and develop- 
ment; system test during manufacturing and field maintenance de- 
bug and test. It allows for observation of critical signals deep within 
the system. During system test, when an error is observed, these 
signals may be modified in order to zero in on the fault in the sys- 
tem. Serial diagnostics is primarily a scheme utilizing only four 
pins to examine and alter the internal state of a system for the pur- 
pose of monitoring and diagnosing system faults. 

Detailed SPC Architecture of the IDT49C403 Bit- 
Slice Microprocessor 

The IDT49C403, a quad Am2903/29203 16-bit microprocessor 
slice, which includes an ALU and register file, is one of the devices 
on which IDT has incorporated the Serial Protocol Channel. The 
implementation of SPC on the IDT49C403 is shown in Figure 3. 

Only four SPC pins (SDI, SDO, SCLK and C/D) are used to 
serially access the I/O pad cells, as well as the internal ALU 
registers and buses. To control or monitor a section (such as the 
ALU), the appropriate command is loaded into the SPC command 
register. The desired function is then executed and the status 
information captured in the data register. The status information 
can then be serially shifted out and observed to verify proper 
system functionality. 
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C/D SDO SDI SCLK 


Figure 3. Conceptual Diagram of IDT49C403 Die Incorporating SPC Scan Path 



The block diagram in Figure 4 shows the detailed SPC architec- 
ture for the IDT49C403. It primarily consists of serial registers for 
command, data, addresses and decode/control logic. The SPC 
command register consists of a four-bit field (signals 4-7) and four 
discrete control lines (signals 3, 2, 1, 0). The four-bit field coordi- 
nates the transfer of data between RAM and the SPC data register, 
as well as controls an on-chip break detect mechanism. The other 


discrete signals control the serial scan path through the I/O cells. 

The SPC data register is in series with a RAM address register 
and I/O pad scan. The SPC data register is connected to the inter- 
nal bus to gain access to the RAM register file as well as a data 
break point feature. The point of connection is the Y bus from the 
ALU back into the RAM. 
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The multiplexer at the output transmits information via the SDO 
pin selecting data from either the SPC data register and the I/O 
pads or the command string from the SPC command register. 

IDT49C403 SPC Command Opcodes 

The SPC command register consists of an 8-bit field, as shown 
in Figure 5. Bit 1 enables the READ function of the I/O pad cells. Bit 
3 enables the BYPASS function to bypass the I/O pad cells and 
scan out only the RAM address and data registers. Bits 0 and 2 are 


reserved. Bits 4 through 7 form the opcode field for reading and 
writing into the device. 

The 4-bit command opcode field gives 16 possible command 
opcodes. The first 8 are reserved for writing data from the SPC data 
register into the registers and RAM on the device. The second 
8 opcodes are reserved for reading data from registers and RAM 
into the 16-bit SPC data register. 


COMMAND OPCODES 

OPCODE 

FUNCTION 

0 

Write RAM 

1 

Write Q Registers 

2 

Write Break Control 

3 

Write Break Data 

4 

Reserved 

5 

Reserved 

6 

Reserved 

7 

Reserved 

8 

Read RAM 

9 

Read Q Registers 

10 

Read Break Control 

11 

Read Break Data 

12 

ViewY 

13 

Reserved 

14 

Reserved 

15 

NOP 


SERIAL COMMAND REGISTER 

z| el 5I4I 3I 2I1 I 0 


RESERVED 

READ 

RESERVED 

BYPASS 


l COMMAND 
f OPCODES 


Figure 5. SPC Command Register and Opcodes for the IDT49C403 
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The command with opcode 0 causes a write to the internal 
device RAM. Opcode 1 is used to write to the Q registers. 
Opcodes 2 and 3 are used to write data from SPC data register into 
the break data register and break control registers, respectively. 
Opcodes 4 through 7 are reserved opcodes. 

Opcode 8 is used for reading RAM data into the SPC data regis- 
ter. Opcode 9 is used to read a value out of the Q registers. (Here, 
also, the address register supplies the address of the Q register to 
be accessed). Opcodes 10 and 1 1 are used for reading the break 
control register and the break data register, respectively. 
Opcode 12 is used to strobe data from the Z bus into the 16-bit 
diagnostics data register. Opcodes 13 and 14 are reserved op- 
codes. The last opcode, 1 5, is a no-operation opcode. This opcode 
can be used to scan the data in and out of the I/O pad cells and use 
the device in a pass-through mode (in a cascaded application) 
without affecting normal device operation. 

All the reserved opcodes, if executed, perform a no-operation; 
however, they should not be relied upon to always perform NOPs 
as future upgrades may make use of reserved opcodes. 

Accessing the Contents of the IDT49C403 Regis- 
ter File 

To read data from the device’s internal RAM or other logic cir- 
cuitry into the SPC data register, the address and don’t care bits 
(for the SPC data register) are shifted in. The command is shifted 
into the SPC command register. The command register must be 
decoded to determine what data paths are to be steered in order to 
get data into the SPC data register. The read strobe, generated by 
the strobe logic, must then strobe this data (in parallel) into the SPC 
data register. The data can now be shifted out via the SDO pin and 
its contents disassembled and observed. 

To perform the write operation, address and data must first be 
shifted into the SPC data register. The command is then shifted into 
the SPC command register via the command mode. This register 
provides information as to what data paths are to be steered. The 
address is supplied by the address register in the data scan path. 
The write strobe is then generated between the time the C/ D line is 
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lowered and the SCLK line is raised. This is the strobe which 
actually clocks the data into the RAM or register in the device. 

Pad Cell Scan Path 

Each I/O cell on the IDT49C403 contains a flip-flop which can 
be used to store the state of that cell and then be scanned out. 
Figure 6 shows the logic configuration. The READ line is enabled 
by a bit in the SPC command register and gated by the XFER sig- 
nal, thus loading the scan flip-flops in parallel. The SCLK is then 
used to scan the data out of the SDO pin in series with the address 
and SPC data registers. 


SDO 



SCLK SDI READ 


Figure 6. Serial Scan in the I/O Cell 

The BYPASS bit in the SPC command register selects whether 
the shifting of the I/O cells will be bypassed such that only the RAM 
address and data registers are scanned out. When the READ bit is 
HIGH, data is transferred from the pins to the scan register when 
SCLK transitions HIGH after C/D has transitioned LOW. The 
BYPASS bit in the command register is active HIGH so that a HIGH 
level bypasses scanning the I/O cells. 

Figure 7 shows the order in which the I/O pad cells are scanned. 
The clocking will shift out the data on the Y 15 pin first and continue 
in series until the WRITE pin is shifted out last. 
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Figure 7. Shift Order of I/O Pad Cells 
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Figure 8. Breakpoint Detect Circuitry 


Breakpoint Detection on the IDT49C403 

Figure 8 shows the diagnostics breakpoint detection circuit on 
the IDT49C403. This circuit is designed to allow the user to monitor 
certain key data buses and detect the data patterns on the Y and Q 
buses. When a data pattern is detected, a breakpoint compare sig- 
nal is generated on the DCMP pin and is used to halt the system 
operation. The DCMP is an open drain signal and should be wire- 
ORed with DCMP lines of other similar devices and monitored by 
the main sequencer in the system. The breakpoint detection 
mechanism thus allows for an easier debug of microcode with re- 
gard to the data path. 

At the heart of the breakpoint detection circuit is a comparator 
which compares data from the break data register with data from 
either the Y bus or the Q bus. The break control register determines 
which of the two buses is selected for a comparison. The break 
control register also steers a multiplexer at the output of the 
comparator. This multiplexer selects between the equal-to signal, 


latched equal-to, Vcc or GND. The latched equal-to input into the 
multiplexer gives the user the ability to pipeline the match signal, 
thus shortening the system cycle time in the diagnostics mode. 
The Vcc and GND inputs to the multiplexer allow the programmer 
to disable the break compare feature by forcing the DCMP pin 
either LOW or HIGH, respectively. 

When a match is made, the DCMP line goes HIGH. Thus, if any 
one slice in a cascade application does not match, the wire-ANDed 
DCMP will be low. Selecting Vcc via the multiplexer will disable 
matches altogether. To select GND, disable any one slice from the 
comparison. 

Figure 9 shows the format of the break data and break control 
register. The break data pattern is 1 6 bits wide, with bit 1 6 being the 
most significant bit and last to be shifted in. The Break Control reg- 
ister contains three fields. Bits 0 and 1 control the DCMP output and 
bit 2 selects between the Y and the Q bus to be compared with the 
break data register. Bits 3 to 15 are reserved for future expansion. 
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Figure 9. Breakpoint Control Registers and Opcodes 
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The SPC version allows data to be transferred into and out of a 
device and can also accommodate addresses and commands us- 
ing the same number of pins. This is accomplished with a recon- 
figuration of the function of the diagnostic pins and internal logic. 
With this vastly expanded capability, SPC can conveniently be 
used in RAMs, peripherals an complex logic functions. These new 
capabilities allow the user to monitor and modify all of the storage 
elements and pins of a device. With a simple hardware interface 
and appropriate software, any type personal or mini computer 
can be turned into a development system for IDT parts with serial 
diagnostics. 

Figure 10 shows the Serial Protocol Channel being used with a 
writable control store in a microprogrammed design. The control 


store can be initialized through the SPC path. A register with SPC is 
used for the instruction register going into the IDT49C410 (16-bit 
microprogram sequencer) as well as data registers around the 
IDT49C403. In this way, the designer may use the Serial Protocol 
Channel to observe and modify the microcode coming out of the 
writable control store, as well as observing and being able to mod- 
ify data and instructions in the overall machine. 

The block diagram of the diagnostics ring shows how the de- 
vices with diagnostics are hooked together in a serial ring via the 
SDI and SDO signals. The diagnostics signals may be generated 
through registers which are hooked up to a microprocessor. This 
microprocessor could conceivably be an IBM PC. 



Figure 10. Typical Microprogram Application with SPC 
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Table 4a. ALU Destination Control (Word Mode) for l 0 or 1, or I 3 = HIGH, IEN = LOW 



Table 4b. ALU Destination Control (Byte Mode) for l 0 or l 1 or 1 3 = HIGH, IEN = LOW 


'7 >5 

ALU 

SHIFTER 

FUNCTION 


Arith. F/2— »Y 

L L L H 

Log. F/2— >-Y 

L L H L 

Arith. F/2-+Y 

L L H H 

Log. F/2-+Y 

L H L L 

F— fY 

L H L H 

F— rY 

L H H L 

F— +Y 

L H H H 

F— FY 

H L L L 

Arith. 2F-t-Y 

H L L H 

Log. 2F-4-Y 

H L H L 

Arith. 2F— *Y 

H L H H 

Log. 2F— *-Y 

H H L L 

F-fY 

H H L H 

F—+Y 

H H H L 

Sign Extend 

HHHH 

F-t-Y 

Parity = F 15 'V' fi 4 



QI0 1S 

QIO 0 

MSS/lsl 

1 SA/LSS 

1 MSS/IS 

1 SA/LSS 


0 7 

Input ► 

0 7 

Input ► 


< V' = Exclusive OR 

SA = Stand Alone 
MSS = Most Significant Slice 
IS = Intermediate Slice 
LSS = Least Significant Slice 


L = LOW 
H = HIGH 

Z = High Impedance 
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Table 4c. ALU Destination Control for I 0 or ^ or l ; 

, = HIGH, IEN = LOW 




Table 4c. ALU Destination Control for l 0 or lj or l 3 = HIGH, IEN = LOW (cont’d.) 
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Table 4c. ALU Destination Control (cont’d.) for ! 0 or l t or l 3 = HIGH, IEN = LOW 
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Table 4d. ALU Destination Control for l 0 or l 1 or l 3 = HIGH, IEN = LOW 



0I0 15 

0,5 

0,4-9 

q 8 

I MSS/IS 

SA/LSS 

MSS/IS 

SA/LSS 

MSS/IS 

SA/LSS 

MSS/IS 

SA/LSS 


L L L H 


L L H L 


L L H H 


L H L L 


L H L H 


L H H L 


L H H H 


H L L L 


H L L H 


H L H L 


H L H H 


H H L L 


H H L H 


H H H L 


H H H H 


Hold 


Hold 


Log. 0/2— fQ 


Log. 0/2— fO 


Hold 


Log. 0/2— >Q 


F — >Q 


F— +Q 


Hold 


Hold 


Log. 2Q— fQ 


Log. 2Q— *Q 


Hold 


Log. 2Q— ►Q 


Hold 


Hold 



Table 4d. ALU Destination Control for l 0 or l t or l 3 = HIGH, IEN = LOW (cont’d.) 

Q7 Q 6 _i Q 0 QIOq 

Q REGISTER I Jl! " 

l 4 l 7 l 6 l s AND SHIFTER HEX MSS/IS SA/LSS MSS/IS SA/LSS MSS/IS SA/LSS MSS/IS SA/LSS 

FUNCTION 1 1 1 1 1 1 1 1 

Byte Word Byte Word Byte Word Byte Word Byte Word Byte Word Byte Word Byte Word 



Hold 

1 — 

L L H L 

Log. 0/2— rQ 

2 

L L H H 

Log. Q/2— fQ 

an 

L H L L 

Hold 

1 4 1 1 

L H L H 

Log. Q/2— vO 

aie 

L H H L 

F— fQ 

6 

L H H H 

F— +Q 

7 

H L L L 

Hold 

8 

H L L H 

Hold 

9 

H L H L 

Log. 2Q— fQ 

iran 

H L H H 

Log. 2Q— rO 

□J 

H H L L 

Hold 

mum 

H H L H 

Log. 2Q— 

D 

H H H L 

Hold 

E 

H H H H 

Hold 

F ,r 



Parity = F 15 V F 14 47 F 3 V F z V F, 'T' F 0 V SI0 15 

•V = Exclusive OR 


Z = High Impedance 
SA = Stand Alone 
MSS = Most Significant Slice 
IS = Intermediate Slice 
LSS = Least Significant Slice 


i = 1 to 6 (for Qg_-|) 
i = 9 to 14 (for Q14-9) 
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Table 5. Special Functions 


HEX 

■ 

HEX 

SPECIAL 

ALU 

ALU SHIFTER 

SIO 15 


Q REGISTER 


HR 





SIO 0 

& SHIFTER 
FUNCTION 

QIO, 5 


WRITE 

*8 I 7 U *S 

B 

^3 ^2 ^0 

FUNCTION 

FUNCTION 

FUNCTION 

MSS 

OTHER 

SLICES 

0 

L 

0 

Unsigned Multiply 

F = S + C n if Z = L 

F = R + S+C„ if Z = H 

Log F/2 — rY 
(1) 

Z 

Input 

Fo 

Log Q/2— vQ 



L 

1 

L 

0 

BCD-to-Binary 

Conversion 

( 4 ) 

Log F/2-+Y 

Input 

Input 

Fo 

Log Q/2-+Q 



fl 

1 

H 

0 

Multiprecision 

BCD-to-Binary 

( 4 ) 

Log F/2— t-Y 

Input 

Input 

D 

Hold 

B 


L 

2 

L 

0 

Two's Complement 
Multiply 

F = S+C n if Z = L 

F = R + S+ Cn if Z = H 

Log F/2— rY 
(2) 

Z 

Input 

Fo 

Log Q/2— t-Q 


B 

n 

3 

L 

0 

Decrement by 

One or Two 

F = S-2+Cn 

F— rY 

Input 

Input 

Parity 

Hold 


B 


4 

L 

0 

Increment by 

One or Two 

F = S 4- 1 4- Cn 

F-+Y 

Input 

Input 

Parity 

Hold 

B 

B 

■ 

4 

H 

0 

Byte Swap + C n 

F = (LB, UB) + C n 

F— fY 

Input 

Input 

Parity 

Hold 

B 

B 

D 

5 

L 

0 

Sign/Magnitude 
Two's Complement 

F = S + C n if Z = L 
F=3+Cn if Z = H 

F/2 ->Y 
(3) 

Input 

Input 

Parity 

Hold 

B 

B 

D 

6 

L 

0 

Two's Complement 
Multiply, Last Cycle 

F = S + C n if Z = L 

F = S-R-1+C n if Z = H 

Log F/2 - +Y 
(2) 

Z 

Input 

Fo 

Log Q/2— +Q 



D 

7 

L 

0 

BCD Divide by Two 

( 4 ) 

F— +Y 

Input 

Input 

Parity 

Hold 

B 

B 

■ 

8 

L 

0 

Single Length 
Normalize 

F = S + C n 

F— +Y 

ia 

ia 

Z 

Log 2Q —+Q 

on 


a 

9 

L 

0 

Binary-to-BCD 

Conversion 

( 5 ) 

Log 2F— fY 

F« 

F,5 

Input 

Log 20 -+Q 



L 

9 

D 

0 

Multiprecision 

Binary-to-BCD 

( 5 ) 

Log 2F— rY 

F« 


Input 

Hold 



a 

B 

D 

B 

Double Length 
Normalize and 

First Divide Op 

F = S + C n 

Log 2F-fY 

Ris V 
F,5 

Fib 

Input 

Log 2Q— +Q 

Ol5 

Input 

■ 

B 

L 

0 

BCD Add 

F = R + S + Cn BCD f 6 > 

F— t-Y 

0 

0 

Z 

Hold 

1 

B 

L 

C 

L 

0 

Two's Complement 
Divide 

F = S + R+Cn if Z = L 

F = S-R-1+C n if Z = H 

Log 2F— +Y 

Rl5 

VF 

wm 

Input 

Log 2Q -*Q 



m 

D 

L 

0 

BCD Subtract 

F = R-S-1 + C n BCD 

F-fY 

0 

0 

Z 

Hold 

B 

B 


E 

D 

0 

Two's Complement 
Divide Correction 
and Remainder 

F = S + R + C n if Z = L 

F = S-R-1+C n if Z = H 

F-tY 

Fis 

F« 

z 

Log 2Q — fQ 

°15 

Input 

a 

F 

2 , 

0 

BCD Subtract 

F= R-S-1 +C n BCD< e > 

F— t-Y 

0 

0 

z 

Hold 

z 

Z 



NOTES: 

1 . At the most significant slice only, the C n + 10 signal is internally gated to the Y output. 

2 . At the most significant slice only, F15 'V' OVR is internally gated to the Y output. 

3 . At the most significant slice only, S15 'V* F15 is generated the Y output. 

4. On each nibble. F = S if magnitude of S is less than 8, and F = S minus three if magnitude of S is 8 or greater. 

5 . On each nibble, F = S if magnitude of S is less than 5 , and F = S plus three if magnitude of S is 5 or greater. Addition is modulo 16 . 

6. Additions and Subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 

7 . The Q register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

8 . BCD Nibble propagate: PR| = (P41+0 + P41+3) (P41+0 + ^41+2) (P41+0 + G41 + 1 + Pti+2) 

BCD Slice propage: P = PN 3 PN 2 PN, PN 0 

9 . BCD Nibble generate: (SR, = ^41 + 3 (^41+0 + ®4i + i + P41+2) (G41+0 + G41 + 1) (P41+, + 041+2) (^11+3 + Rti + i ‘^41+2 • O41+0) 

BCD Slice generate: G = GN 3 V GN 2 PN 3 V GN, PN 2 PN 3 V GN 0 PN, PN 2 PN 3 

* 7 * 1 Exclusive OR 

Parity = SIO, 5 ^ F 15 V F14 V F 13 V V F 0 

Z = High Impedance 


L = LOW LB = Lower Byte 

H = HIGH UB = Upper Byte 


8-166 

















































































































































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Table 6a. IDT49C403 Status Outputs (Word Mode) 


HEX 

HEX 

M 

G, 

P, 

Cn + 15 

P/OVR 

G/N 


*8 *7 *6 *S 

U *3 ! 2 *1 


(1 = 0 to 15) 

(1 = 0 to 15) 

MSS/SA 

OTHER 

SLICES 

MSS/SA 

OTHER 

SLICES 

MSS 

X 

0 


0 

1 

0 

0 

0 

Fl5 

G 

f (Y) 

X 

1 

□ 

Ri A Si 

Ri V Si 

GVPCn 

Cn+15 17 Cn+16 

P 

Fl5 

G 

f(Y) 

X 

2 


Ri A Si 

Ri VSI 

G VPC n 

Cn+15 17 C n +16 

P 

Fl5 

G 

f(Y) 

X 

3 

□ 

Ri A Si 

Ri V Si 

GVPC n 

Cn + 15 17 Cn+16 

P 

Fl5 

G 

f(Y) 

X 

4 

□ 

0 

Si 

GVPC n 

Cn + 15 'V' Cn + 16 

P 

Fl5 

G 

f(Y) 

X 

5 

□ 

0 

Si 

GVPCn 

Cn + 15 Cn + 16 

P 

Fl5 

G 

f(Y) 

X 

6 

□ 

0 

Ri 

GVPCn 

Cn+15 17 C n + 16 

P 

F 15 

G 

f(Y) 

X 

7 

U 

0 

Ri 

GVPCn 

Cn + 15 17 Cn+16 

P 

Fl5 

G 

f(Y) 

X 

8 

n 

0 

1 

0 

0 

0 

FlS 

G 

f(Y) 

X 

9 

H 

Ri A Si 

1 

0 

0 

0 

Fl5 

G 

f(Y) 

X 

A 

B 

Ri A Si 

Ri V Si 

0 

0 

0 

Fl5 

G 

f(Y) 

X 

B 

□ 

Ri A Si 

Ri V Si 

0 

0 

0 

FlS 

G 

f(Y) 

X 

C 

B 

Ri A Si 

1 

0 

0 

0 

F« 

G 

too 

X 

D 

□ 

Ri A Si 

1 

0 

0 

0 

F,5 

G 

f(Y) 

X 

E 

B 

Ri A Si 

1 

0 

0 

0 

Fl5 

G 

f(Y) 

X 

F 

B 

Ri A Si 

1 

0 

0 

0 

F,5 

G 

f(Y) 

0 

0 

0 

0 if Z = L 

Ri A Si 
if Z = H 

Si if Z=L 

Ri V Si 
if Z = H 

GVPCn 

Cn+15 17 Cn+16 

p 

Fl5 

G 

Input 

1 

0 

L 

0 

Si 

GVPCn 

Cn + 15 17 Cn+16 

p 

Fl5 

G 

f(Y) 

1 

8 

L 

0 

Si 

0 

0 

0 

FlS 

G 

f(Y) 

2 

0 

B 

0 if Z = L 

Ri A Si 
if Z=H 

Si if Z = L 

Ri V Si 
if Z = H 

GVPCn 

Cn + 15 17 Cn+16 

p 

Fl5 

G 

Input 

3 

0 

L 

(6) 

(7) 

GVPCn 

Cn+15 17 Cn +16 

p 

Fl5 

G 

f(Y) 

4 

0 

L 

(1) 

(2) 

GVPCn 

Cn+15 17 Cn+16 

p 

Fl5 

G 

f(Y) 

4 

8 

L 

(1) 

(2) 

GVPC n 

Cn + 15 17 Cn + 16 

p 

Fl5 

G 

f(Y) 

5 

0 

B 

0 

Si if Z = L 

Si if Z = H 

GVPCn 

Cn+15 17 Cn + 16 

p 

Fi 5 if Z=L 
Fi 5 17S 15 
if Z = H 

G 

^15 

6 

0 

B 

0 if Z = L 

Ri A Si 
if Z = H 

Si if Z = L 

Ri V Si 
if Z = H 

GVPCn 

Cn + 15 17 Cn + 16 

p 

Fl5 

G 

Input 

7 

0 

L 

0 

Si 

GVPCn 

Cn + 15 ^ Cn + 16 

p 

Fl5 

5 

f(Y) 

8 

0 

L 

0 

Si 

(4) 

Q 2 17 Q, 

p 

°I5 

G 

f(Q) 

9 

0 

L 

0 

Si 

GVPCn 

Cn+15 17 Cn + 16 

p 

Fl5 

5 

f(Q) 

9 

8 

L 

0 

Si 

0 

0 

0 

Fl5 

G 

f (0) 

A 

0 

L 

0 

Si 

(3) 

f 2 v f, 

p 

f 15 

5 

(5) 

B 

0 

L 

Ri A Si 

Ri VSi 

GVPCn 

(8) 

(8) 

Fl5 

(9) 

f(Y) 

C 

0 


Ri A Si 
if Z=L 

Ri A Si 
if Z=H 

Ri V Si 
if Z = L 

Ri V Si 
if Z = H 

GVPCn 

Cn + 15 17 Cn + 16 

P 

Fl5 

G 

Sign 

Compare 

FF 

Output 

D 

0 

B 


Ri V Si 

GVPCn 

Cn+15 17 Cn + 16 

(8) 

Fl5 

(9) 

f(Y) 

E 

0 

l 

Ri A Si 
if Z = L 

Ri A Si 
if Z = H 

Ri VSi 
if Z = L 

Ri V Si 
if Z = H 

GVPCn 

Cn + 15 17 Cn + 16 

D 

Fl5 

G 

Sign 

Compare 

FF 

Output 

F 

0 

t 

Ri A Si 

Ri VSi 

GVPCn 

Cn+15 17 Cn+16 

(8) 

Fl5 

(9) 

f(Y) 



Z (OEY = L) 


fiS! 

mamt\ 

iBnmi 

nainai i 

using i 

mural 

UB1PB1 1 

mum 

insinui 

■bu m 

nsurai i 

\ m m\ 

KB2UE3! 

i PBM Sli 

BfBlPBI I 


Input O 0 


warn 


Input Q 0 Q 0 


nsinsi i 

msn m 

B51E51 I 


Input Input S 15 


Input Qo Qo 


m m\ 

1EU E3I 

ws um i 

PBinsi i 



nainsi 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


NOTES: 

1. If LSS is LOW, G 0 = S 0 and G 1i2 , 3 , . . , 15 = 0. If LSS is HIGKGp.1.2.3. . . . , 15 = 0 V = OR 

2. If LSS is LOW, P 0 = 1 and P,. 2 . 3 , . . . , 15 = S,, 2 3 . . . , 1S . If LSS is HIGH, P, = S, A = AND 

3. At the most significant slice, C n + i6 = O15 'T' Q14. At other slices C n +ie = GVPC n 47 = Exclusive-OR 

4. At the most significant slice, C n + is = Fis'V' Fi 4. At other slices C n +ie = GVPCn P = P15P14 P3P2P1P0 

5- Z=_Q 0 Q 1 Q 2 Q 3 ...Q 16 F 0 F 1 F 2 F 3 ...F ,5 G = G 15 V G 14 P| 5 V G 13 P 14 P 15 V G 12 P 13 P 14 Fj 5 

6. If LSS is LOW, Go = 0 ar *d ®i, 2, 3.- • • • 15 = Si, 2, 3,- • ■ . 15. If LSS is HIGH, Go, 1, 2 , 3,. ... 15 = So 1, 2, 3, ... ,15 

7. If LSS is LOW, P 0 = S 0 and P, 2 3 , . . . , 15 = 1. If LSS is HIGH, P 0 _ 2 , 3> . . . , 15 = 1 VG^jP^j V VG,P 2 P 3 P 4 . . . P 15 

8. BCD Nibble propagate: PRi = (P41+0 + P41+3) (P41+0 + ^41+2) (P41+0 + ^41+1 + R11+2) 

BCD Slice propage: P = PN 3 PN 2 PNi PNo 

9. BCD Nibble generate: STJ, = S 41 + 3 (S 4 | +0 + S 4! + 1 + P 4 | +2 ) (^41+0 + ®4i + i) (^41+1 + ^41+2) (R11+3 + Rsi+i * P41+2 "^ii+o) 

BCD Slice generate: G = GN 3 V GN 2 PN 3 V GN, PN 2 PN 3 V GN 0 PN, PN 2 PN 3 

f (Y) = Y 0 Yi Y 2 Y3_ % 

f (Q) = Q0Q1Q2Q3 Q 15 

L = LOW = 0 
H = HIGH = 1 


Table 6b. IDT49C403 Status Outputs (Byte Mode) 



X 

B 

X 

C 



1 

Qi 

P, 

Cn + 7 

r/uvn 

(1 = 0 to 7) 

(1 = 0 to 7) 

MSS/SA 

□ 

0 

1 

0 

0 

□ 

Ri A Si 

Ri V Si 

GVPCn 

Cn+7 47 C n +8 

□ 

Ri A Si 

Ri V SI 

GVPCn 

Cn + 7 47 Cn + 8 

□ 

RiASi 

Ri V Si 

GVPCn 

Cn+7 47 Cn + 8 

a 

0 

Si 

GVPC n 

Cn+7 47 C n + 8 

□ 

0 

Si 

GVPCn 

Cn+7 ‘T' Cn + 8 

a 

0 

Ri 

GVPCn 

Cn+7 'V' C n + 8 

a 

0 

Ri 

GVPCn 

Cn+7 47 Cn +8 

□ 

0 

1 

0 

0 

a 

Ri A Si 

1 

0 

0 

a 

Ri A Si 

Ri V Si 

0 

0 

□ 

Ri A Si 

Ri V Si 

0 

0 


Ri A Si 

1 

0 

0 

□ 

Ri A Si 

1 

0 

0 

□ 

Ri A Si 

1 

0 

0 

□ 

Ri A Si 

1 

0 

0 

• Y 7 



V = OR 



OTHER iiqq/qa OTHER 
SLICESl MSb/bA I SLICES 


Z (OEY = L) 

MS 


SA 

f 00 

mum 

f (Y) 

f(Y) 

ItiJBiuli 

f 00 

f(Y) 

nsipsi 

f (Y) 

f(Y) 

mam 

f (Y) 

f(Y) 


f CO 

f(Y) 

mmsa 

f (Y) 

f(Y) 

BfSIHBl 

f (Y) 

f(Y) 


f (Y) 

f(Y) 

nssinsi 

f 00 

f(Y) 


f(Y) 

f(Y) 

PBIITSI 

f 00 

f(Y) 

jfSHISl 

f (Y) 

f(Y) 

:naii&ai 

f (Y) , 

f(Y) 

HSMB1I 

f (Y) 

f(Y) 

PBinsi 

f (Y) 

f(Y) 

inssmssii 

f(Y) 


f (Q) = 5 0 5i5 2 53 5 7 

L = LOW = 0 


A = AND 

47 = Exclusive OR 


H = HIGH = 1 


P= P 7 P 6 P 3 P 2 P 1 P 0 

G = G 7 V G 6 P 7 V G 5 P e P 7 V G 4 P 5 P 6 P 7 

vg 3 p 4 p 5 p 6 p 7 V vg 1 p 2 p 3 p 4 ...p 7 












































































































































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1 > 



RATING 

COMMERCIAL 

MILITARY 


v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.5 

1.5 

w 

( OUT 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
I N GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25°c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

TYP. 

UNIT 


Input Capacitance 

v IN = ov 

10 

PF 


Output Capacitance 

Vqut= 0V 

15 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T a — 0°Cto + 70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 ) 

MAX. 

UNIT 


Input HIGH Level 


2.0 

- 

- 

V 

VlL 

Input LOW Level 


- 

- 

0.8 

V 

IlH 

Input HIGH Current 

Vcc = Max., V IN = V cc 

- 

0.1 

5 

PA 

IlL 

Input LOW Current 

Vcc = Max.,V iN = 0V 

- 

-0.1 

-5 

PA 

V 0H 

Output HIGH Voltage 

V cc = Min. 

Mu = V !H or V iL 

Iqh — -300jjA 

V H c 

Vcc 

- 

D 

l 0H - -6mA MIL. 

warn 

mm 

- 

Iqh — — 8mA OO M L. 

mm 

4.3 

- 


Output LOW Voltage 

V cc = Min. 

V, N = V| H or V IL 

I 0L = 300pA 

- 

GND 

V LC 

V 

l 0L = 12mA MIL. 

~ 

0.3 

mm 

I 0L = 16mA COM’L 

~ 

0.3 

0.5 

loz 

Off State (High Impedance) 

Output Current 

Vcc Max. 

V 0 = 0V 

- 

- 

-10 

PA 

B 

~ 

- 

10 

•os 

Output Short Circuit Current 

Vc c = Min., V 0UT = 0V * 3 > 

-15 

- 

- 

mA 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 















































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Confd) 

T a = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55 °C to + 125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V H c = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP. (2) 

MAX. 

UNIT 

■ 

Quiescent Power Supply Current 

CP = H (CMOS Inputs) 

V cc = Max. 

Vhc 5 V, N , V 1N < V LC 
f CP = 0, CP = H 

■ 

150 

250 

mA 


Quiescent Power Supply Current 

CP = L (CMOS Inputs) 

V cc = Max. 

v hc £ V , N , V, N < V LC 

f CP = 0, CP = L 

■ 

50 

100. 

mA 

m 

Quiescent Input Power Supply 
Current (per Input @ TTL High) 

Vcc = Max. V|N = 3.4V, fcp = 0 

- 


0.5 

mA/Input 

B 

Dynamic Power Supply Current 

V cc = Max. 

Vhc < V, N , V| N < V LC 

Outputs Open, OE = L 

MIL. 

- 

3.6 

urn 

mA/MHz 

COM’L. 

- 

3.6 

5.2 

1 

Total Power Supply Current < 6 > 

V cc = Max., = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

Vhc S Vj N , V, N < V LC 

MIL. 

- 

136 

252 

mA 

COM’L. 

- 

136 

227 

Vqq = Max., = 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

V| H = 3.4V. V 1L = 0.4V 

MIL. 

- 

150 

275 

COM’L. 

- 

150 

250 


NOTES: 

5. I CCT is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out I CC qh • then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

•cc = 'ccqh (CD H ) + 

^CCQL (1 - CD H ) + 

^CCT (N t xD h ) + 

I CCD (*cp) 

CD H = Clock duty cycle high period. 

D h = Data duty cycle TTL high period (V N = 3.4V). 

Ny = Number of dynamic inputs driven at TTL levels. 
f CP = Clock input frequency. 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403A GUARANTEED COMMERCIAL AND 
MILITARY RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
I DT 49C403A over the com mercial operating range of 0 to + 70 0 C 
with V C c from 4.75 to 5.25V, and over the military operating range 
of -55 to +125°C with V cc from 4.5 to 5.5V. All data are in 
nanoseconds, with input switching between 0 and 3V at 1 V/ns and 
measurements made at 1.5V. All outputs have maximum DC load. 


Table 7. Clock and Write Pulse Characteristics All Functions 



COM’L 

dn 

UNIT 

Minimum Clock Low Time 

10 

it 

ns 

Minimum Clock High Time 

10 

ii 

ns 

Minimum Time CP and WE both Low to Write 

10 

ii 

ns 


Table 8. Enable/Disable Times All Functions 


FROM 

TO 

ENABLE 
COM’L MIL 

DISABLE 
COM’L MIL 

UNIT 

OEy 

Y 

12 

13 

10 

11 

ns 

OE b 

DB 

14 

15 

12 

13 

ns 

EA 

DA 

15 

16 

13 

14 

ns 

u 

SIO 

23 

25 

12 

13 

ns 

^8 

QIO 

16 

17 

21 

22 

ns 

1 8 , 7 . 6,5 

OIO 

17 

18 

19 

20 

ns 

U. 3 , 2 , 1,0 

OIO 

21 

22 

19 

20 



NOTE: 

C L = 5. OpF for output disable tests. Measurement is made to a 0.5V change 
on the output. 


Table 9. Set-up and Hold Times All Functions 




fpWL 

F + 7 

i- 


FROM 

WITH RESPECT TO 

SET-UP 
COM’L MIL 

HOLD 

COM’L MIL. 

SET-UP 
COM’L MIL 

HOLD 

COM’L MIL 

UNIT 

COMMENTS 

Y 

CP 

- 

- 

- 

- 

8 

9 

2 

: 2 

ns 

Store Yin RAM/Q (1) 

WE HIGH 

CP 

7 

Li 

2 

2 

_ 

- 

2 

SH 

ns 

Prevent Writing 

WE LOW 

CP 

- 


- 


10 

H! 

0 

0 ■; 

ns 

Write into RAM 

A, B Source 

CP 

11 

n 

2 

2 

- 


- 

, ; 

ns 

Latch Data from RAM Out 

B Destination < 3 > 

CP 

6 

m 

■ 

B 


B 

2 

2 

ns 

Write Data into B Address 

B Destination < 3 > 

IEN 

6 

m 

■ ■ 

BS 

■ 

B 

2 

2 

ns 

Write Data into B Address 

B Destination (3) 

WE 

6 

D 


B 


B 

2 

2 

ns 

Write Data into B Address 

Q!Oo, 15 

CP 

- 

:: - 

- 

- 

5 

6 : 



ns 

Shift Q 

U, 7, 6. 5 

CP 

- 


- 

: - 

23 

m 

0 


ns 

Write into O and RAM (2) 

IEN HIGH < 3 > 

CP 

7 

H 

— 


- 




ns 

Prevent Writing into O and RAM (2) 

IEN LOW < 3 > 

CP 

- 


- 


10 

BB 



ns 

Write into Q and RAM 

'4. 3, 2 . 1,0 

CP 

- 

ii 

- 

Ii 

16 

El 



ns 

Write into O and RAM (2) 

° 0 .Qi 

CP 

- 

- 

- 

- 

8 

9 

2 

2 

ns 

Write into Q 

Qi 

CP 

- 

I-; 

- 

- 

28 

[fpsipi 

0 

0 

ns 

ALU Carry In to RAM 


NOTES: 

1 . The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = 0) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. The writing of data is controlled by CP, IEN, and WE; all must be LOW in order to write. The set-up time of B destination address is with respect to the last of 
these three inputs to go LOW, and the hold time is with respect to the first to go HIGH. 

4. A “ — " implies this path does not exist. 


































































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 
STANDARD AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 


FROM SLICE Y C n + 16 G, P Z N OVR DA, DB WRITE OIO 0 15 SIO 0 SI0 15 SIO 0 UNIT 

’ PARITY 

Com'l. Mil. ComT. Mil. Com'l. Mil. ComT. Mil. Com’l. Mil. ComT. Mil. ComT. Mil. ComT. Mil. ComT. Mil. Com’l. Mil. ComT. Mil. ComT. Mil. 


41 44 40 43 52 56 ns 


24 26 27 29 46 49 ns 


24 26 26 28 26 28 ns 


18 19 24 26 28 30 37 39 41 44 ns 


26 28 36 39 17 39 41 44 ns 




42 

45 

■Ift! 

BBlIllBIBlil 

rara 

29 

31 

HUSH BUSES 

- - 

22 

24 

KUIHEZHil 

^ !| § 

■FMSTB 

■■ra 

48 

51 

^9QK9I@ 

wmm 

39 

42 








MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


FROM SLICE Y C n + 16 Q, P Z N OVR DA, DB WRITE olo 0, IS Slo 0 UNIT 

ComT. MIL ComT. Mil. ComT. Mil. ComT. MIL ComT. Mil. ComT. Mil. ComT. Mil. ComT. Mil. ComT. Mil. ComT. Mil. 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 
BCD INSTRUCTIONS (SF1, SF7, SF9, SFB, SFD, SFF) 



1 . Binary to BCD and multlpreclslon Binary to BCD Instructions only 


BCD to Binary conversion (SF 1) 
BCD divide by two (SF 7) 


Binary to BCD conversion (SF 9) 
BCD add (SF B) 


BCD substract (SF F) 


SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 



SF 5: F = S + C n lfZ = L 
F = S + Cn If Z = H 
Y15 = S15'7'F15(MSS) 
Z = SI 5 (MSS) 


Y=F 
Q = Q 

N = F15;Z = L 
N = F15V'S15;Z=H 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 
DIVIDE INSTRUCTIONS (SFA, SFC, SFE) AND SINGLE LENGTH NORMALIZATION (SFB) 



TO 


FROM 

EE 

Y 

c n + 16 

G, P 

* 

" 

OVR 

SIO 0 

DA, DB 

olo 0, 15 

WRITE 


UNIT 


■ 

Com’l. 

Mil. 

Com’l. 

MIL 

Com’l. 

MIL 

Com’l. 

MIL 

Com’l. 

Mil. 

Com’l. 

Mil. 

Com’l. 

MIL 

Com’l. 

MIL 

Com’l. 

mu. 

Com’l. 

MIL 















res 











A. BAddr 

IS 












SS®1 










ns 

LSS 























SA 
























MSS 








mm 

H 














DA. DB 

IS 








|||f| 

Hr 













ns 

LSS 








||||i 















SA 
























MSS 








1111 
















IS 








m 















c n 

LSS 








iiii 














ns 


SA 








im 








































IS 








|||i 














ns 

ESS 

LSS 








lill 














mem 

SA 








nn 

■■■■ 























ipip 

imiM 














CP 

IS 








|l|i 














ns 

LSS 








llii% 

H1HI 














SA 








1111 

■■■ 














z 

(0E Y “ 

low) 

MSS 

IS 

LSS 

SA 






1 


1 

■ 

1 


1 









ns 

Slo 0-15 

Any 

■ 




■ 

1 

■ 

1 

■ 

1 


1 

1 


■ 


■ 




ns 


NOTES: 

1 . Only 1 st divide and normalization 

2. Only two's complement divide and two's complement divide correction 


Double Length Normalize and First Divide Op 
SFA: F=S + Cn 

N = F15(MSS) 

SIOI5 = F15‘7'R15(MSS) 

Cn+16 = F15V > F14(MSS) 

0V0j2.F2/£jJUMSSj 

Z = OOQ1 02 03. . .015 FO FI F2 F3 . . . F15 
Y=Log 2F 
Q=Log 20 


Two's Complement Divide 
SFC: F = S+ R + Cn If Z = L 
F-S-R -1 + Cn If Z= H 
SI0 15- F15 V* R15 (MSS) 

Z=F15V'R15 (MSS) from previous cycle 
v =Log 2F 
0”Log 20 


Two’s Complement Divide Correction and Remainder 
SF2: S = Cn If Z=L 

S- R-1 + Cn If Z =H 

Z= F15VRT5 (MSS) from previous cycle 
Y=F 

0 = Log 20 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403 GUARANTEED COMMERCIAL AND 
MILITARY RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
IDT49C403 over the commercial operating range of 0 to 70 °C with 
Vfcc from 4.75 to 5.25V, and overthe military operating rangeof-55 
to + 125°C with V cc from 4.5 to 5.5 V. All data are in nanoseconds, 
with input switching between 0 and 3V at 1 V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


Table 10. Clock and Write Pulse Characteristics All Functions 



COM’L. 


UNIT 

Minimum Clock Low Time 

12 

13 

ns 

Minimum Clock High Time 

12 

13 

ns 

Minimum Time CP and WE both Low to Write 

12 

13 

ns 


Table 11. Enable/Disable Times All Functions 


FROM 

TO 

ENABLE 
COM’L MIL 

DISABLE 
COM’L MIL 

UNIT 

OE y 

Y 

15 

16 

12 

13 

ns 

oe b 

DB 

17 

18 

15 

16 

ns 

EA 

DA 

18 

19 

16 

17 

ns 

<8 

SIO 

28 

30 

15 

16 

ns 

Is 

OIO 

20 

21 

25 

27 

ns 

Is. 7. 8,5 

OIO 

21 

22 

22 

24 

ns 

14,3.2.1,0 

QIO 

25 

27 

22 

24 



NOTE: 

C L = 5.0pF for output disable tests. Measurementismadetoa0.5Vchange 
on the output. 


Table 12. Set-up and Hold Times All Functions 



1 

Wl 

F H- A 

r 


FROM 

WITH RESPECT TO 

SET-UP 
COM’L MIL 

HOLD 

COM’L MIL. 

SET-UP 
COM’L MIL 

HOLD 

COM’L MIL 

UNIT 

COMMENTS 

Y 

CP 

- 

- 

- 

Ill 

10 

1 1 

2 

2 

ns 

Store Yin RAM/O (1) 

WE HIGH 

CP 

8 

9 

2 

2 

- 


2 

a 

ns 

Prevent Writing 

WE LOW 

CP 

- 

- 

- 


12 

Hi 

0 

0 

ns 

Write into RAM 

A, B Source 

CP 

14 

B 

2 

2 

- 

sill 

- 


ns 

Latch Data from RAM Out 

B Destination < 3 > 

CP 

7 


■ ■ 

m 


im 

2 

2 

ns 

Write Data into B Address 

B Destination 

Ten 

7 

Ifll 

■ 

mi 


BIS 

2 

m 

ns 

Write Data into B Address 

B Destination (3) 

we 

7 

n 

m 

ml 

1 

H 

2 

HI 

ns 

Write Data into B Address 

QIO 0- 15 

CP 

- 


- 

- 

6 

7 



ns 

Shift Q 

1 8. 7. 6.5 

CP 

- 

- 

- 


27 

mm 

0 

0 

ns 

Write into Q and RAM (2) 

Ten high< 3 > 

CP 

8 

m 

— 

BH 

Hi 

m 



ns 

Prevent Writing into Q and RAM <2) 

Ten low < 3 > 

CP 

- 

i| | 

- 

itl 

10 

in 



ns 

Write into Q and RAM 

U, 3, 2, 1,0 

CP 

- 

- 

- 

nil 

19 

m 



ns 

Write into Q and RAM (2 > 

o 

o 

o 

CP 

- 


- 

: 

10 

m 

2 

KB 

ns 

Write into Q 

Cn 

CP 

- 

- 

- 


34 


0 


ns 

ALU Carry In to RAM 


NOTES: 

1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OE Y = 0) 

2. The set-up time with respect to CP falling edge is to prevent writing. The set-up time with respect to CP rising edge is to enable writing. 

3. The writing of data is controlled by CP, Ten, and WE; all must be LOW in order to write. The set-up time of B destination address is with respect to the last of 
these three inputs to go LOW, and the hold time is with respect to the first to go HIGH. 

4. A “ — " implies this path does not exist. 


































































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403A GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 
STANDARD AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS (SF3, SF4) 



MULTIPLY INSTRUCTIONS (SFO, SF2, SF6) 


Y c n + 16 G, P Z N OVR DA, DB WRITE o <°0, 15 slo 0 UNIT 

Com'l. Mil. Com’l. Mil. Com'l. Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com'l. Mil. Com'l. Mil. Com’l. Mil. Com’l. Mil. 



Unsigned Multiply 
SFO: F=S + CnlfZ = L 

F=S+R+CnKZ=H 
Y15 = C n + 16(MSS) 
Z=QO (LSS) 

Y=Log F/2 
Q=Log Q/2 


Two's Complement Multiply 
SF 2: F = S + C n lfZ = L 

F=S+R+Cn It Z=H 
Y15 = FI5VOVR(MSS) 
Z = QO(LSS) 

Y= Log F/2 
Q = Log 0/2 


Two's Complement Multiply Last Cycle 
SF 2: F=S+CnlTZ=L 

F = S-R-1+Cn If Z=H 
Y15 = 0VR V F15 (MSS) 

Z = QO(LSS) 

Y= Log F/2 
Q = Log Q/2 


A ’ Implies that particular data path 
Is not valid. 







































































































































































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403 GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 
BCD INSTRUCTIONS (SFI, SF7, SF9, SFB, SFD, SFF) 


FROM SLICE Y C n + 16 Q, P Z N OVR DA, DB WRITE OIO 0 15 SIO 0 SI0 15 SIO 0 UNIT 

PARITY 

Com’l. Mil. Com’L Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com'l. Mil. Com’l. MIL Com’l. Mil. Com’l. Mil. Com’L Mil. Com’l. MIL 


MSS 

A. B Addr IS 

















I ut Y “ LSS 
low) SA 


sio 0-15 An V 


■HUH I II I 








■I ■ 11 



NOTE: 

1 . Binary to BCD and multlpreclslon Binary to BCD Instructions only 


BCD to Binary conversion (SFI) 
BCD divide by two (SF7) 


Binary to BCD conversion (SF9) 
BCD add (SFB) 


BCD substract (SFF) 


SIGN MAGNITUDE TO TWO’S COMPLEMENT CONVERSION (SF5) 


FROM SLICE Y c n + 16 Q * p z N 0VR DA, DB WRITE OIO 0i 15 SIO 0 UNIT 

Com’l. Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com’l. MB. Com’l. Mil. Com’l. Mil. Com’l. Mil. Com’l. Mil. 






■MU 

■mm 




SF 5: F=S+Cn if Z=L 
F=S+C n If Z=H 
Y15 = S15'7’F15(MSS) 
Z=S15(MSS) 


Y = F 
Q = Q 

N = FI5;Z = L 
N = Ft5'7’S15:Z = H 
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1DT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403 GUARANTEED COMMERCIAL AND MILITARY RANGE PERFORMANCE 



NOTES: 

1 . Only 1st divide and normalization 

2. Only two's complement divide and two's complement divide correction 


Double Length Normalize and First Divide Op 

Two's Complement Divide 

Two’s Complement Divide Correction and Remainder 

SFA : F=S+Cn 

SFC: F=S + R + Cn If Z=L 

SF2: S=Cn If Z=L 

N«=F15(MSS) 

SI015*=F15 *^R15 (MSS) 

F = S-R-1+CnlfZ = H 

S-R-1+CnlfZ=H 

Sl6lS = F15V'R15fMSS1 

Z=F15 V R15 (MSS) trom previous cycle 

Cn+16 = F15V'F14 (MSS) 

Z=F15 V' R15 (MSS) trom previous cycle 

Y=F 

OVRf.F2_'£_FHMSSJ 

Y = Log 2F 

0 = Log 20 

Z-OOQI 02 03. . .015 FO FI F2F3. . .F15 

Y «= Log 2F 

0° Log 20 

0 = Log 2Q 










































IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



IDT49C403/A SPC AC TIMING 


SYMBOL 

PARAMETERS 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

tpD 

SCLK TO SDO 

R l = 5000 

C L = 50pF 

3 

15 

ns 

tpD 

C/0 to SDO 

3 

50 

ns 


C/0 to SCLK 

5 

- 

ns 


CLKtoC/0 

20 

- 

ns 


SDI to SCLK 

10 

- 

ns 


C/0 to SCLK 

5 

- 

ns 

t H 

CLK to SCLK 

5 

- 

ns 

t H 

SDI to SCLK 

5 

- 

ns 

t w 

Pulse Width SCLK 

20 

- 

ns 

fcYC 

SCLK Period 

50 

- 

ns 

t E 

Execution, C/0 to SCLK 

50 

- 

ns 



CMOS TESTING CONSIDERATIONS 

There are certain testing considerations which must be taken 
into account when testing high-speed CMOS devices in an auto- 
matic environment. These are: 

1) Proper decoupling at the test head is necessary. Placement of 
the capacitor set and the value of capacitors used is critical in 
reducing the potential erroneous failures resulting from large 
Vcc current changes. Capacitor lead length must be short and 
as close to the DUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
improper device operation and possible latchup. 


3) Definition of input levels is very important. Since many inputs 
may change coincidentally, significant noise at the device pins 
may cause the Vn and Vih levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT rec- 
ommends using Vil < OV and Vih > 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial 
decoupling between power and ground planes is required. The 
ground plane must be sustained from the performance board to 
the DUT interface board. All unused interconnect pins must be 
properly connected to the ground pin. Heavy gauge stranded 
wire should be used for power wiring and twisted pairs are rec- 
ommended to minimize inductance. 
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IDT49C403/A 16-BIT CMOS MICROPROCESSOR SLICE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C403 INPUT/OUTPUT 
INTERFACE CIRCUITRY 


Msc 




Figure 12. Input Structure (All Inputs) Figure 13. Output Structure (All Outputs) 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 15 




Figure 14. Open Drain Structure 

SWITCHING WAVEFORMS 


j 



inputs 3 ™ 

H-5V 1.5V -j 

11 

CLOCK 3 ° V "\ n 

ov * i 


t S - 




- t H 

eL 

1.5V 

”\ 

f" 1.5V 

IT TO 
'PUT 

LAY 

CLOCK 

TO 

OUTPUT 

DELAY 


INPU 

OU1 

DEI 

OUTPUTS ■■■ 

£-1.5V 




TEST LOAD CIRCUIT 



TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance includes jig and probe capacitance 
R T = Termination resistance: should be equal to Zout 
of the pulse generator 
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ORDERING INFORMATION 


49C403 


X 

X 

X 



Device Type 

Speed 

Package 

Process/ 







Temperature 

Range 

1 

1 Blank 

Commercial (0°C to +70°C) 



B Military (-55°C to +125°C) 

| Compliant to MIL-STD-883, Class B 

-| G Pin Grid Array 

I Blank Standard Speed 

1 A High Speed 


32-BIT CMOS 

MICROPROGRAM 

MICROPROCESSOR 



ADVANCE 

INFORMATION 

IDT49C404 

IDT49C404A 


MICROSLICE™ PRODUCT 


FEATURES: 

• High speed CMOS 

— Microcycle Time: 80ns 

• Three bi-directional 32-bit data I/O ports 

— DA, DB, Y 

• 64-word x 32-bit expandable 7-port register file 

— 3 input ports and 4 output ports 

— Writes 3 operands and reads 4 operands in one cycle 

• 64-bit in, 32-bit out cascadable funnel shifter 
— Fast alignment to any bit boundary 

• 32-bit high-speed ALU cascadable to 64 bits 

— Selects status flags from any bit boundary 

• Flexible mask generator and merge logic 

— Selects bit-fields on any width, on any boundary 

• Priority encoder 

• Powerful orthogonal instruction set 

• Built-in multiplication/division support 

• Counter function 

• Includes Serial Protocol Channel (SPC ™ ) 

— Flexible on-chip diagnostics 

— Serially monitors all pin states 

— Reads and writes to Register File 

• Single 5V supply 

• Available in 208-pin PGA 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49C404 is a cascadable, microprogrammable, high- 
speed CMOS 32-bit microprocessor slice. This monolithic, highly 
parallel, 3-port device consists of a 7-port 64-word by 32-bit working 
RAM, 64 bits in/32 bits out cascadable funnel shifter, high-speed 
multi-function 32-bit ALU and 32-bit mask generation and merge 
logic. 

The IDT49C404 uniquely incorporates shift, ALU and merge 
functions into a single cycle and utilizes an orthogonal instruction 
set to create a highly parallel architecture that achieves added 
performance. 

Supporting ultra-fast cycle times, the IDT49C404 offers a very- 
low-power CMOS alternative to existing bipolar counterparts. 

This 32-bit device has been optimized, both architecturally and 
instruction set-wise, for use in all types of dedicated intelligent con- 
trollers such as high-speed graphics engines, array processors, fast 
disk and communication controllers, robotics, data base manipu- 
lation, design automation and Al. 

Also featured on the IDT49C404 is an innovative diagnostics 
capability known as Serial Protocol Channel (SPC). This on-chip 
feature greatly simplifies the task of writing and debugging 
microcode, field maintenance debug and test, along with system 
testing during manufacturing. 

The IDT49C404 is fabricated using CEMOS ™ , IDT’s advanced 
CMOS technology designed for high-performance and high-reli- 
ability. The device is packaged in a 208-lead pin grid array. Military 
grade product is manufactured in compliance with the latest 
revision of MIL-STD-883, Class B, making them ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



B 

T 

DB 


OPER 

SEL 


MSK 


MRG 


CEMOS MICROSLICE and SPC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 
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IDT49C404 PIN CONFIGURATION 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 : 

PGA 

BOTTOM 

VIEW 


PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

A1 

B1 

Cl -V''.:;:;:" 

D.1 

El 

A2 

B2 .||| 

C2 

D2 

E2 

A3 

B3 

C3 

D3 

E3 

A4 

B4 

C4 

1 D4 

E4 

A5 

B5 

C5 

D5 

E14 

A6 

B6 

C6 

D6 

E15 

A7 

87 

C7 

D7 

E16 

A8 

I pft . 

C8 

DO 

E17 

A9 

B9 

C9 

D9 

FI 

A10 

BIO 

CIO 

DIO 

F2 

All 

B11 

C11 

Dll 

F3 

A12 

B12 

Cl 2 

D12 

F4 

A13 

B13 

Cl 3 

D13 

FI 4 

A14 

B14 

Cl 4 

D14 

F15 

A15 

B15 

C15 

D15 

F16 

A16 

B16 

CIS 

D16 

FI 7 

A17 

B17 

Cl 7 

D17 

G1 


PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

PIN PIN 

NO. NAME 

G2 j 


Q11 

G3 

M4 

Q12 

G4 ||:j 

M14 

013 

G14 . : . 

Ml 5 

014 

G15 

MIS ; 

015 

G16 

Ml 7 

Q16 

G17 : 1 

N1 

Q17 

HI 

N2 

R1 

H2 j 

N3 

R2 

H3 

N4 

R3 

H4 

N14 

R4 

H14 

N15 

R5 

Hi5 

N16 

R6 

H16 

N17 

R7 

H17 

PI 

R8 

J1 

P2 

R9 

32 

P3 

RIO 

J3 

P4 

R11 

J4 

P5 

R12 

J14 

P6 

R13 

J15 

P7 

R14 

J16 

P8 

R15 

J17 

P9 

R16 

K1 

P10 

R17 

K2 

P11 

SI 

K3 

PI 2 

S2 

K4 

P13 

S3 

K14 

PI 4 

S4 

K15 

PI 5 

S5 

K16 

P16 

S6 

K17 

PI 7 

S7 

LI 

Q1 

S8 

L2 

02 

S9 

L3 

Q3 

S10 

L4 

Q4 

S11 

LI 4 

Q5 

SI 2 

LI 5 

Q6 

SI 3 

LI 6 

07 

SI 4 

LI 7 

Q8 

SI 5 

Ml 

09 

SI 6 

M2 

Q10 

S17 
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PIN DESCRIPTIONS 


PIN NAME 

DESCRIPTION 

DA31-0 

Thirty-two-bit data input/output port is under control of the signal OEa . When the OEa is low, RAM output port A can be directly 
read on these lines. Data on these lines can be selected as the source for the ALU, funnel-shifter or loaded into port A of the 
working RAM. 

DB 31 - 0 

Thirty-two-bit data input/output port is under control of the signal OE B . When the OE B is low, RAM output port B can be directly 
read on these lines. Data on these lines can be selected as the source for the ALU, funnel-shifter or loaded into port B of the 
working RAM. 

Y 31-0 

Thirty-two-bit data input/output port is under control of the signal OE Y . When OE Y is low. the merge output can be directly 
read on these lines. Data on the lines can be loaded into port T of the working RAM or selected as the source for the ALU 
when (5Ey is high. 

OEy 

A control input pin which, when low, enables the output of merge-logics on the lines Y 31 _ 0 and, when high, disables the 
Y 3 i_o three-state output buffers. 

we a 

The write control signal for RAM input port A. If the signal WE A is low, the data on the DA lines or Z bus is written into the RAM 
(input port A) when the clock signal is low. 

m B 

The write control signal for RAM input port B. If the signal Wt B is low, the data on the DB lines or Z bus is written into the RAM 
(input port B) when the clock signal is low. 

WEj 

The write control signal for RAM input port T. If the signal WE T is low, the data on the Z lines, Y lines, T + Cl orT + C 2 is written 
into the RAM (input port T) when clock signal is low. 

5E a 

A control input for data input/output port DA. When OE A is low, RAM output port A is read on the DA line. When OE A is 
high, the data on the data lines can be selected as the source for the ALU or loaded into port A of the working RAM. 

m B 

A control input for data input/output port DB. When OE B is low, RAM output port B can be read on these lines. When is 
OE b high, the data on the DB lines can be selected as the source for the ALU or loaded into port T of the working RAM. 

CP 

The clock input to the IDT 49 C 404 . When clock is low, data is written in the seven-port RAM. 

TC 0 

Used as carry input for the T counter. 

TC31 

Used as carry output for the T counter. 

ML 

The input pin which can be used to load the external bit in order to fill in the vacant positions of a word in shift-linkage. 

Co 

The carry input to the least significant bit of the ALU. 

CoUT 

Indicates the carry-output. 

N 

Indicates the sign N of the ALU operation. 

OVF 

Indicates the conventional two’s complement overflow. 

C31 

The carry output pin which is used to ripple the carry in the expansion mode ( 64 -bit). 

ZERO 

The open drain input/output pin which, when high, generally indicates that all outputs are low. 

ALU Z _ 0 

Instruction inputs are used to select the operations for the ALU. 

A 5-0 

Six RAM address inputs which contains the address of the RAM word appearing at RAM output port A and into which new 
data is written when WE A is low. 

B5-0 

Six RAM address inputs which contains the address of the RAM word appearing at RAM output port B and into which new 
data is written when WE B is low. 

T 5-0 

Six RAM address inputs which contains the address of the RAM word appearing at output port T and into which new data 
is written under control of TSEL. 

ASEL 

Defines what data RAM port A receives, either DA or Z bus. 

BSEL 

Defines what data RAM port B receives, either DB or Z bus. 

° 5-0 

Six RAM address inputs which contain the address of the RAM word appearing at output port Q. 

SP6-0 

The seven pins are used to specify the start positions or the number of shift positions. 

W5-0 

The six pins are used to specify the word width. 

ZSEL 

Selects the source of the Z bus between the output of the ALU (F) or the Y bus. 

MSEL 

Taken together with OE A , selects the source of the M input into the funnel shifter. 

NSEL 

Taken together with OE B , selects the source of the N input into the funnel shifter. 

VSELg-o 

Selects the source of the V bus used for merging with the output of the ALU. 

ZD 

Chooses zero detect of the ALU output (F) or the Y bus. 

SSEL2-0 

Selects the source of the S operand input to the ALU. 

FUN 4-0 

Controls the operation of the funnel shifter. 

MSK1-0 

Selects the function of the mask generator. 

MRGl-0 

Controls the merge function. 












































































IDT49C404/A 32-BIT CMOS MICROPROGRAM 
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PIN DESCRIPTIONS (Cont’d) 


PIN NAME 

DESCRIPTION 

TSELi-o 

Selects the source of the data to be written into the T port of the RAM. 

SDI 

Serial data input to the SPC command and data registers for diagnostics. 

SDO 

Serial data output from SPC command and data registers for diagnostics. 

SCLK 

SHIFT clock for loading the SPC command and data registers for diagnostics. 

C/D 

Command/data control input for SPC operation. 

DCMP 

The open drain compare output for SPC diagnostics. 

vcc 7 _ 0 

Eight pins for power supply 5 volt, all of which must be connected to 5 volts. 

GNDie^) 

Sixteen pins for ground, all of which must be connected to ground. 


DEVICE ARCHITECTURE 

The IDT49C404 is a high-speed 32-bit microprogrammable 
CMOS microprocessor slice which can be cascaded to 64-bits. It 
allows simple, yet high-speed, arithmetic and logic operations on 
subfields, shift, rotate, mask and merge. 

In general, the IDT49C404 can be viewed as a 7-port working 
RAM feeding into a funnel shifter, then into an ALU and then into 
merge logic. The control of each of these blocks is orthogonal, al- 
lowing the user to select data from registers, shift it, operate on it with 
the ALU and then merge it in only one cycle. Optionally, the funnel 
shifter or ALU can be bypassed, allowing the user additional flexibil- 
ity. In this way, the designer may avoid paying a performance pen- 
alty when a particular algorithm requires only one or the other. Thus, 
the cycle time can be tailored to match the processing 
requirements. 

The IDT49C404 can be divided into the following functional 
segments: 

— Three 32-bit bidirectional I/O ports 

— Seven-port 64-word x 32-bit RAM 

— 64 bits in/32 bits out cascadable funnel shifter 

— 32-bit ALU 

— Mask generator 

— Merge logic 

— Diagnostics circuitry 

THREE BUS ARCHITECTURE 

The IDT49C404’s 3-bus architecture consists of three bi- 
directional 32-bit ports (DA, DB and Y). The DA and DB 
bi-directional buses connect respectively to the A and B RAM out- 
puts and A and B RAM inputs. Thus, data can be read out of the RAM 
on DA and DB or data can be brought in independently on DA and 
DB. This special feature allows for easy RAM expansion. Since data 
can be brought out on the DA and DB buses, other ALU elements 
can be connected externally which extend the overall ALU, funnel 
shifter, mask and merge capabilities. 

The third 32-bit bus, Y, is the output of the merge logic and also 
the input back into the RAM ports A, B and T via the Z bus or internal 
Y bus.The Z MUX multiplexes between the ALU or the Y bus. By se- 
lecting the output of the ALU, the results of the ALU operation can be 
stored back into the RAM while data may be brought out through the 
merge path onto the Y bus. This results in an ALU operation in paral- 
lel with the extraction of data out of the register file. Additionally, 
there is an alternate data path which allows the Y bus to connect di- 
rectly into the T MUX such that data can be written from the ALU 
back into the RAM while data is being brought in, at the same time, 
through the Y bus to the RAM. 

This three bus approach allows for the easy data accessibility 
necessary when designing high-performance microprocessor- 
based systems. 


SEVEN-PORT RAM 

The IDT49C404 incorporates a 64-word by 32-bit RAM which has 
seven ports— four read ports and three write ports. The four read 
ports are A, B, Q and T. The A and B ports are considered the data 
path ports and can be used interchangeably. During most cycles, 
they supply data to the funnel shifter, ALU and merge logic. These 
ports can be considered to be similar to the A and B ports of the 
IDT39C203. The Q and T output ports are used mainly for control- 
ling such things as start and width for the funnel shifter and mask 
generation for merge operations. Since the Q and T ports are 
outputs of the RAM, the start positions may be computed on previ- 
ous cycles using the ALU, thus providing extensive programmer 
flexibility. 

There are three write ports; A, B and T. The A and B ports are typi- 
cally used for results from the current cycle and the T port is used 
for incrementing counter values in the RAM, as well as loading data 
from the Y bus in parallel with ALU operations. There are four ad- 
dress buses controlling A, B, Q and T. In one cycle, the seven-port 
RAM is capable of writing to three locations while reading from four 
locations. This feature highlights the IDT49C404’s highly parallel 
architecture. 

64-BIT FUNNEL SHIFTER 

The funnel shifter accepts two 32-bit operands (A, B, Q, DA, DBor 
T) which are operated on as a 64-bit word. The output of the funnel 
shifter is the result of selecting any consecutive 32-bit word within 
the 64-bit operand. The 32-bit word can start on any bit boundary 
between 0 and 31 . The M and N input muxes allow the user to swap 
the data as well as duplicate it, allowing for barrel shifting. The fun- 
nel shifter also has the capability of taking any 32-bit word as an 
input and extending the sign, as well as providing zero fill. Through 
special hooks in the architecture, the funnel shifter can be expanded 
along with the ALU/merge logic to perform 64-bit operations in a 
single cycle. 

ALU 

The output of the funnel shifter feeds the 32-bit ALU. The ALU can 
perform conventional binary operations such as logic, addition, 
subtraction, as well as multiplication and division. Also, the sum of 
the start and the width information can be used to select the bit 
boundary from which the carry, sign and overflow flags will output 
as status. This allows for true arbitrary subfield operations. The other 
ALU inputs are selected from A, B, Q, T or mask generator. 

MASK GENERATION AND MERGE LOGIC 

The mask generation and merge logic allows for field manipula- 
tion within the 32-bit resulting word. The mask generator, which 
determines how the bits will be merged between V and F, is con- 
trolled by start and width input pins. The start and width can also 
come from Q or T. T is used for start and Q is used for width, thus 
start/width can be calculated, stored in the register file and used in 
the mask generator. An alternate to the mask generator is a mask 
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which comes directly from the Q or T outputs of the RAM, allowing 
for totally arbitrary masks. 

The V input of the merge logic comes from a multiplexer which 
can select any output of the RAM, DA, DB, all 1 s or all Os. The F input 
is connected to the output of the ALU. The mask is used to merge the 
V and F input on a bit-by-bit basis, which results in the Y output. 

Included in the merge logic is a priority detect circuit. It is used 
to produce a binary weighted code to indicate the location of the 
highest order one on its input. 

SERIAL DIAGNOSTICS 

The Serial Protocol Channel (SPC) is a set of pins by which data 
can be entered into and extracted from a device (such as the 
IDT49C404) through a serial data input and output port. SPC can be 
used at many points in the life of a product for diagnostic purposes 
such as: system level design debug and development, system test 
during manufacturing and field maintenance debug and test. SPC is 
of significant benefit as board level packing densities increase. This 
is because access to test and debug points becomes difficult. This 
is particularly true in double-sided surface mount technologies. 

As companies like IDT continue to integrate more onto each de- 
vice and put each device into smaller and smaller packages such 
as surface mount devices, the board level testing becomes more 
complex for the designer and the manufacturing divisions of com- 
panies. To help this situation, a serial diagnostics scheme was de- 
veloped. It allows for observation of critical signals deep within the 
system. During system test, when an error is observed, these signals 
may be modified in order to zero in on the fault in the system. 

SPC is_primarily a scheme utilizing only four pins SDI, SDO, 
SCLK, C/D to examine and alter the internal state of a system, for 
the purpose of monitoring and diagnosing system faults. The SPC 
has been defined in such a way that it can be implemented with 
a small number of gates. In many cases, SPC can be added by utiliz- 
ing less than 5% of the total logic gates. As more gates are added 
to each device and the number of pins increase, the overhead for 
diagnostics decreases. 

In the following block diagram of a typical application, the Serial 
Protocol Channel is shown being used with a writable control store 
in a microprogrammed design. The control store can be initialized 
through the SPC path. A register with SPC is used for the instruction 
register going into the IDT49C410 (16-bit microprogram sequen- 
cer), as well as data registers around the 1DT49C404. In this way, the 
designer may use the Serial Protocol Channel to observe and mod- 
ify the microcode coming out of the writable control store, as well as 
observing and being able to modify data and instructions in the 
overall machine. 

The block diagram of the diagnostics ring in Figure 1 shows how 
the devices with diagnostics are hooked together in a serial ring via 
the SDI and SDO signals. The diagnostics signals may be gener- 
ated through registers which are hooked up to a microprocessor. 
This microprocessor could conceivably be an IBM PC. 



The IDT49C404 accommodates a variety of diagnostics opera- 
tions. It not only includes the standard Serial Protocol Channel but 
also the ability to scan data out of the I/O pad cells (as shown in Fig- 
ure 2) which are connected to the pins of the device. In this way, the 
state of external connections can be observed, thus telling a lot 
about the system surrounding the IDT49C404. The scan path 
through the I/O pad cells is in series with the serial data register. 



C / U SDO SDI SCLK 


Figure 2. Conceptual Diagram of IDT49C404 Die Incorporating SPC 
Scan Path 


CONTROL INPUTS 

The control inputs of the IDT49C404 which make up the instruc- 
tion set are highly orthogonal and provide the user with the highest 
degree of control over each individual functional unit. Each major 
unit in the IDT49C404 has its own set of control lines. The following 
diagrams show the microprogram word layout of the individual 
fields, as well as the opcodes and functions for each of the fields. 

In order to maintain simplicity and orthogonality, the instruction 
combinations which are used infrequently and require special ex- 
tended control (divide, multiply, etc.) are grouped together and 
labled as special instructions. To use these instructions, a special 
instruction trap door mechanism was employed in the ALU control 
field (opcode = 101). In the case of special instructions, the T 
source select and merge control define the particular instructions 
to be performed. Some special instructions require immediate oper- 
ands which are provided by other fields such as start, width, funnel 
shift control, etc. 


Figure 1. Typical Microprogram Application With SPC 
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IDT49C404 INSTRUCTION FIELDS 


41 40 


37 36 


34 30 

29 24 

MSEL 

NSEL 

SSEL 

MASK 

GEN 

ML 

FUNNEL 

SHIFTER 

WIDTH 



16-BIT IMMEDIATE FIELD 


7-BIT IMMEDIATE FIELD 


13 1211 10 


6 5 


2SEL I AS 


TSEL ALU MRG VSEL “T WEb 

2D BSEL 


SPECIAL INSTRUCTION 
FIELD 


INSTRUCTION SET SUMMARY 


M SOURCE SELECTION 


MNEMONIC 


AOE 


MASK SOURCE 

MNEMONIC 

MSK 

SOURCE 

EXT 

0 0 

Start and Width from Instruction 

INT 

0 1 

T & Q Supply Start and Width 

T32 

1 0 

T as a 32-Bit Mask 

Q32 

1 1 

Q as a 32-Bit Mask 


MNEMONIC 


ADD 


SUBR 


SUBS 


OR 


AND 


0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 



FUNCTION 


R + S + Co 


S - R - 1 + Cq 


R - S - 1 + Co 


R orS 


R and S 


Special Instruction 


R exor S 


R exnor S 


N SOURCE SELECTION | 

MNEMONIC 

°l 

ml 

ES 

NSEL 

N SOURCE 

BOE 

0 

0 

B 

Q 

0 

1 

Q 

B 

1 

0 

B 

DB 

1 

1 

DB 


MNEMONIC 


DA 


S SOURCE 


SSEL 


0 0 


0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


SOURCE 


DA 


MNEMONIC 

| VSEL 

DA 

o 

o 

o 


0 

i 

0 

0 

i 

i 

i 

0 

0 

i 

0 

1 

i 

i 

0 

i 

i 

1 


SOURCE 


DA 


IERGE CONTROL 


MNEMONIC 

MRG 

FUNCTION 

F 

0 

0 

Pass F 

V 

0 

1 

Pass V 

F to V 

1 

0 

Merge FA/ 

VtoF 

1 

1 

Merge V/F 
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SPECIAL INSTRUCTIONS (ALU = 101) 

MNEMONIC 

MRG 

VSEL 

FUNCTION 

OPERANDS 

UMLT 

0 

0 

0 

0 

0 

Unsigned Multiply 

A, B, T 

TMLT 

0 

0 

0 

0 

1 

Two's Complement Multiply 

A. B. T 

TMLTL 

0 

0 

0 

1 

0 

Two’s Complement Multiply Last Cycle 

A, B.T 

DIVF 

0 

0 

0 

1 

1 

First Divide 

A, B.T 

DIV 

0 

0 

1 

0 

0 

Second Divide 

A. B.T 

DIVL 

0 

0 

1 

0 

1 

Last Divide 

A. B.T 

PRF 

0 

0 

1 

1 

0 

Prioritize First Cycle (32 Bits) 

S, Mask 

PRS 

0 

0 

1 

1 

1 

Prioritize Second Cycle (64 Bits) 

S 

INC 

0 

1 

0 

0 

0 

S + Imm (7-Bit) + Co 

S. Imm 

DEC 

0 

1 

0 

0 

1 

S - Imm (7-Bit) - 1 + Co 

S, Imm 

LDI 

0 

1 

0 

1 

0 

Load T with Imm (16-Bit) 

16-Bit Imm 

LDC1 

0 

1 

0 

1 

1 

Load Cl from Z bus 

S 

LDC2 

0 

1 

1 

0 

0 

Load C2 from Z bus 

S 

EXCHG 

0 

1 

1 

0 

1 

Exchange RAM Locations 

DA. DB 

LDAB 

0 

1 

1 

1 

0 

Load DA into B address 

DA 

LDBA 

0 

1 

1 

1 

1 

Load DB into A address 

DB 

SMAGT 

1 

0 

0 

0 

0 

Sign Magnitude/Two's Complement Conversion 

S 

PROGS 

1 

0 

0 

0 

1 

Program Slice 

- 


Z BUS CONTROL 


E 



8-189 




















































































































































FUNNEL SHIFT OPERATIONS 


MNEMONIC 

FUN 

FUNCTION 

OPERANDS 

SMLZ 

■ 

0 0 

0 0 I 

Shift M and fill with 0 

0, M 


SNLZ 

0 



0 

1_J 

Shift N and fill with 0 

0. N 

SMLM 

0 

0 

0 

1 

■ 

Shift M and fill with ML 

ML, M ' 

SNLM 

0 

0 

0 

1 

1 

Shift N and fill with ML 

ML, N 

XNM 

0 

0 

1 

0 

0 

Extract field from 

N. M 

XMN 

0 

0 

1 

0 

1 

Extract field from 

M. N 

SMAZ 

0 

0 

1 

1 

■ 

Shift M arithmetic and fill 0 

Sign, M. 0 

SNAZ 

m 

0 

1 

1 


Shift N arithmetic and fill 0 

Sign, N, 0 

SMAM 

n 

1 

0 

0 

■ 

Shift M arithmetic and fill ML 

Sign, M, ML 

SNAM 

0 

1 

0 

0 

1 

Shift N arithmetic and fill ML 

Sign, N, ML 

BM 

0 

1 

0 

1 

0 

Barrel shift M 

M 

BN 

0 

1 

0 

1 

1 

Barrel shift N 

N 

PM 

■ 

1 

1 

0 

0 

Pass M 

M 

PN 

■ 

1 

1 

0 

1 

Pass N 

N 

PZ 

0 

1 

1 

1 

0 

Pass all Os 

0 

PO 

0 

1 

1 

1 

1 

Pass all Is 

1 

SMLZBA 

1 

0 

0 

0 

■ 

Shift M and fill with 0, Bypass ALU 

0, M 

SNLZBA 

1 

0 

0 

0 

1 

Shift N and fill with 0, Bypass ALU 

0. N 

SMLM BA 

1 

0 

0 

1 

0 

Shift M and fill with ML. Bypass ALU 

ML, M 

SNLM BA 

1 

0 

0 

1 

1 

Shift N and fill with ML. Bypass ALU 

ML, N 

XNM BA 

1 

0 

1 

0 

0 

Extract field from N & M. Bypass ALU 

N, M 

XMNBA 

1 

0 

1 

0 

1 

Extract field from M & N, Bypass ALU 

M, N 

SMAZBA 

1 

0 

1 

1 

0 

Shift M arith. and fill 0, Bypass ALU 

Sign, M, 0 

SNAZBA 

1 

0 

1 

1 

1 

Shift N arith. and fill 0, Bypass ALU 

Sign, N, 0 

SMAMBA 

1 

1 

0 

0 

0 

Shift M arith. and fill ML. Bypass ALU 

Sign, M, ML 

SNAMBA 

1 

1 

0 

0 

1 

Shift N arith. and fill ML, Bypass ALU 

Sign. N, ML 

BMBA 

1 

1 

0 

1 

0 

Barrel shift M, Bypass ALU 

M 

BNBA 

1 

1 

0 

1 

1 

Barrel shift N. Bypass ALU 

N 

POCM 

1 

1 

1 

0 

0 

Pass Is Complement of M 

M 

POCN 

1 

1 

1 

0 

1 

Pass Is Complement of N 

N 

PMFM 

1 

1 

1 

1 

0 

Pass M and fill ML bit from BitO to SP 

M 

PNFM 

1 

1 

1 

1 

1 

Pass N and fill ML from BitO to SP 

N 
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ABSOLUTE MAXIMUM RATINGS (1) 


BEE 511 

RATING 

COMMERCIAL 

MILITARY 

in?uj 

Werm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°0 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.8 

1.8 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
I N GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


SYMBOL 

parameter' 1 ) 

| CONDITIONS ] 

TYP. 

UNIT 

C IN 

Input Capacitance 

SKSSOBI 

10 

pF 


I/O Capacitance 

I V OUT =0V | 

15 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 

2. Includes only output pins. 


DC ELECTRICAL CHARACTERISTICS 

T A = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T A = -55°C to +125°C Vcc = 5.0V ± 10% (Military) 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ) 

MIN. 

TYP.< 2 ) 

MAX. 

UNIT 

VlH 

Input HIGH Level (4) 

\fcc = Max. 

2.0 

- 

- 

V 

V,L 

Input LOW Level < 4 > 

c 

5 

II 

o 

>° 

- 

- 

0.8 

V 

l|H 

Input HIGH Current 

Vqc — Max., V|n — V cc 

- 

- 

5 

PA 

l|L 

Input LOW Current 

V cc = Max., \( N = 0V 

- 

- 

-5 

PA 

VOH 

Output HIGH Voltage 

V cc = Min. 

V,n = V| H or V| L 

I 0 h — — 300pA 

w 

V C c 

- 

D 

b H = -6mA MIL 

MM 

mm 

- 

Ioh = -8mA COM’L. 

mm 

■a 

- 

V 0L 

Output LOW Voltage 

V cc = Min. 

Mn = Mh of Ml 

Iol ~ 300pA 


GND 

MM 

V 

bL = 12mA MIL. 

- 

0.3 

0.5 

Iol = 15mA COM'L. 

- 

0.3 

0.5 

'oz 

Off State (High Impedance) 

Output Current 

Mcc = Max. 

§ 

H 

£ 

- 

-0.1 

mol 

pA 

V 0 = V cc (Max.) 

- 

0.1 

mm 

'os 

Short Circuit Current 

V cc = Min., V 0UT = 0V' 3 > 

-15 

- 


mA 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T a = 0°C to +70°C V cc = 5.0V ±5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ±10% (Military) 

V uc = 0.2V 
Vhc = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

'CCQH 

Quiescent Power Supply Current 

CP = H 

Mcc = Max. 

v ih s v HC . v, L ^ v LC 

f CP = 0. CP = \fc c 

- 

■ 

■ 

mA 

'CCQL 

Quiescent Power Supply Current 

CP = L 

Vcc = Max. 

Vih - V H c- V| L ^ V L0 
f cp = 0, CP = OV 

■ 

■ 

■ 

mA 

'CCT 

Quiescent Input Power Supply( 5) 
Current (per Input @ TTL High) 

V cc = Max. Vil = 3.4V, fcp = 0 

H 

■ 

■ 

mA 

>CCD 

Dynamic Power Supply Current 

Vcc — Max. 

V HC 2 V, H , Vj L £_Vlc 

Outputs Open, OE = 0V 

MIL. 

“ 

- 

- 

mA/ 

COM'L. 

- 

- 

- 

MHz 



V cc = Max., f C p = 10MHz 

Outputs Open, OE = 0V 

50% Duty cycle 
v hc ^ Vih, V| L < V LC 

MIL. 

- 

- 

- 


'cc 

(6) 

Total Power Supply Current 

COM’L. 


- 

- 

mA 

V C c = Max., f C p = 10MHz 

Outputs Open, OE = 0V 

50% Duty cycle 

Vj H = 3.4V, V, L = 0.4V 

MIL. 


300 

400 




COM’L. 

- 

250 

350 



NOTES: 

5. Iccqt is derived by measuring the total current with all the inputs tied together at 3.4V. subtracting out Iccqch. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

•cc = IcCQh( CD h) + IcCQl (1 ~ CD H ) + l CC T ( N T X D H ) + I CCD ( f CP) 

CDh = Clock duty cycle high period 

Dh = Data duty cycle TTL high period (Vin = 3.4V) 

Nr = Number of dynamic inputs driven at TTL levels 
f C p = Clock Input frequency 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test en- 
vironment. Large output currents are being switched in very short 
periods and proper testing demands that test set-ups have mini- 
mized inductance and guaranteed zero voltage grounds. The tech- 
niques listed below will assist the user in obtaining accurate testing 
results: 

1) All input pins should be connected to a voltage potential dur- 
ing testing. If left floating, the device may oscillate, causing im- 
proper device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply I ines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device test- 
ing. The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is necessary. The 
ground plane must be sustained from the performance board to 
the DUT interface board and wiring unused interconnect pins to 
the ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) To guarantee data sheet compliance, the input thresholds 
should be tested per input pin, in a static environment. To allow 
fortesting and hardware-induced noise, IDT recommends using 
Vil < 0V and Vih > 3V for AC tests. 
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IDT49C404 PROPAGATION DELAYS (1) 

T A = 0°Cto +70°C,V cc = +5V ±5% 


TO OUTPUT 



A. B, Q, T 


DA, DB 


NSEL. MSEL, 
MS, NS, OTA, 
UEb 


MSK, FS, STR. W 


ALU 


ZERO 

ALU 

FS 

ALU 

only 

only 

& FS 

58 

58 

78 

40 

40 

60 



NOTE: 

1 . On any given cycle, an arithmetic operation without a shift operation can be performed (ALU only) or a shift operation without an arithmetic operation can 
be performed (FS only) or, finally, both operations in series in one single cycle (ALU + FS). 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT 
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IDT49C404A PROPAGATION DELAYS (1) 

T A = 0°C to +70°C, V cc = +5V ±5% 



TO OUTPUT 









STATUS 

FLAGS 


ALU FS ALU ALU FS ALU ALU FS ALU ALU ALU 

only only & FS only only & FS only only & FS only & FS 





1 . On any given cycle, an arithmetic operation without a shift operation can be performed (ALU only) or a shift operation without an arithmetic operation can 
be performed (FS only) or. finally, both operations in series in one single cycle (ALU + FS). 


SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT) 
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TEST LOAD CIRCUIT 



SWITCH POSITION 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to 2bm of the 
Pulse Generator 


Figure 1. Switching Test Circuits (All Outputs) 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


ORDERING INFORMATION 

1DT XXXXXXX XX 

Device Type Package 


X 

Process/ 

Temperature 



BLANK Commercial (0°C to +70°C) 

B Military (-55° C to +125°C) 

Compliant to MIL-STD-883, Class B 

PG 208-pin Plastic Pin Grid Array 

G 208-pin Pin Grid Array 

49C404 32-Bit CMOS Microprogram Microprocessor 

49C404A High-Speed 32-Bit CMOS Microprogram 

Microprocessor 
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16-BIT CMOS 

IDT49C410 

MICROPROGRAM 

IDT49C410A 

SEQUENCER 



MICROSLICE PRODUCT 


FEATURES: 

• 16-bit wide address path 

— Address up to 65,536 words of microprogram memory 

• 16-bit loop counter 

— Pre-settable down-counter for counting loop iterations and 
repeating instructions 

• Low-power CEM OS™ 

— Ice (max.) 

Military: 90mA 
Commercial: 75mA 

• Fast 

— IDT49C410 meets 2910A speeds 

— IDT49C410A 30% speed upgrade 

• 33-deep stack 

— Accommodates highly nested microcode 

• 16 powerful microinstructions 

— Executes 16 sequence control instructions 

• Available in 48-pin 600 mil plastic and sidebraze, 48-pin 400 mil 
SHRINK-DIP, 48-pin LCC, 52-pin PLCC and 48-pin Flatpack 

• Three enables control branch address sources 

• Four address sources 

• 2901 A instruction compatibility 

• Military product available compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49C410s are architecture and function code compatible 
to the 2901 A with an expanded 16-bit address path, thus allowing 
for programs up to 65,536 words in length. They are microprogram 
address sequencers Intended for controlling the sequence of exe- 
cution of microinstructions stored in microprogram memory. Be- 
sides the capability of sequential access, they provide conditional 
branching to any microinstruction within their 65,536 microword 
range. 

The 33-deep stack provides microsubroutine return linkage and 
looping capability. The deep stack can be used for highly nested 
microcode applications. Microinstruction loop count control is 
provided with a count capacity of 65,536. 

During each microinstruction, the microprogram controller pro- 
vides a 16-bit address from one of four sources: 1) the 
microprogram address register (pPC), which usually contains an 
address one greater than the previous address; 2) an external (di- 
rect) input (D); 3) a register/counter (R) retaining data loaded dur- 
ing a previous microinstruction; or 4) a last-in/first-out stack (F). 

The !DT49C4l0s are fabricated using CEMOS, a CMOS tech- 
nology designed for high performance and high reliability. 

The IDT49C410s are pin-compatible, performance-enhanced, 
easily upgradable versions of the 2901A. 

The IDT49C410s are available in 48-pin DIPs (600 mil x 100 mil 
centers or space-saving 400 mil x 70 mil centers), 48-pin LCC, 
52-pin PLCC and 48-pin flatpacks. 
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PRODUCT DESCRIPTION 

The IDT49C410S are high-performance CMOS microprogram 
sequencers that are intended for use in very high-speed 
microprogrammable microprocessor applications. The sequen- 
cers allow for direct control of up to 64K words of microprogram. 

The heart of the microprogram sequencer is a 4-input multi- 
plexer that is used to select one of four address sources to select 
the next microprogram address. These address sources include 
the register/counter, the direct input, the microprogram counter or 
the stack as the source for the address of the next microinstruction. 

The register/counter consists of sixteen D-type flip-flops which 
can contain either an address or a count. These edge-triggered 
flip-flops are underthe control of a common clock enable as well as 
the four microinstruction control inputs. When the load control 
( RDL) is LOW, the data at the D-inputs is loaded into this register on 
the LOW-to-HIGH transition of the clock. The output of the register/ 
counter is available at the multiplexer as a possible next address 
source for the microcode. Also, the terminal count output associ- 
ated with the register/counter is available at the internal instruction 
PLA to be used as a condition code input for some of the 
microinstructions. The IDT49C410S contain a microprogram 
counter that usually contains the address of the next microin- 
struction compared to that currently being executed. The 
microprogram counter actually consists of a 16-bit incrementer fol- 
lowed by a 16-bit register. The microprogram counter will incre- 
ment the address coming out of the sequencer going to the 
microprogram memory if the carry-in input to this counter is HIGH; 
otherwise, this address will be loaded into the microprogram 
counter. Normally, this carry-in input is set to the logic HIGH state 
so that the incrementer will be active. Should the carry input be set 
LOW, the same address is loaded into the microprogram counter. 
This is a technique that can be used to allow execution of the same 
microinstruction several times. 

There are sixteen D-inputs on the IDT49C410s that go directly to 
the address multiplexer. These inputs are used to provide a branch 
address that can come directly from the microcode or some other 
external source. The fourth input available to the multiplexer for 
next address control is the 33-deep, 16-bit wide LIFO stack. The 
LIFO stack provides return address linkage for subroutines and 
loops. The IDT49C410s contain a built-in stack pointer that always 
points to the last stack location written. This allows for stack refer- 
ence operations, usually called loops, to be performed without 
popping the stack. 

The stack pointer internal to the IDT49C410s is actually an up/ 
down counter. During the execution of microinstructions one, four 
and five, the PUSH operation may occur depending on the state of 
the condition code input. This causes the stack pointer to be i ncre- 
mented by one and the stack to be written with the required return 


linkage (the value contained in the microprogram counter). On the 
microprogram cycle following the PUSH, this new return linkage 
data that was in the microprogram counter is now at the new loca- 
tion pointed to by the stack pointer. Thus, any time the multiplexer 
looks at the stack, it will see this data on top of the stack. 

During five different microinstructions, a pop operation associ- 
ated with the stack may occur. If the pop occurs, the stack pointer is 
decremented at the next LOW-to-HIGH transition of the clock. A 
pop decrements the stack pointer which is the equivalent of remov- 
ing the old information from the top of the stack. 

The 1DT49C410S are designed so that the stack pointer linkage 
allows any sequence of pushes, pops or stack references to be 
used. The depth of the stack c an gr ow to a full 33 locations. After a 
depth of 33 is reached, the FULL output goes LOW. If further 
PUSHes are attempted when the stack is full, the stack information 
at the top of the stack will be destroyed but the stack pointer will not 
end around. It is necessary to initialize the stack pointer when 
power is first turned on. This is performed by executing a RESET 
instruction (instruction 0). This sets the stack pointer to the stack 
empty position— the equivalent depth of 0. Similarly, a pop from an 
empty stack may place unknown data on the Y outputs, but the 
stack pointer is designed so as not to end around. Thus, the stack 
pointer will remain at the 0 or stack empty location if a pop is exe- 
cuted while the stack is already empty. 

The IDT49C410S’ internal 16-bit register/counter is used during 
microinstructions eight, nine and fifteen. During these instructions, 
the 16-bit counter acts as a down counter and the terminal count 
(count = 0) is used by the internal instruction PLA as an input to 
control the microinstruction branch test capability. The design of 
the internal counter is such that, if it is preloaded with a number N 
and then this counter is used in a microprogram loop, the actual 
sequence in the loop will be executed N + 1 ti mes.Thus.it is possi- 
ble to load the counter with a count of 0 and this will result in the 
microcode being executed one time. The 3-way branch microin- 
struction, instruction 15, uses both the loop counter and the exter- 
nal condition code input to control the final source address from 
the Y outputs of the microprogram sequencer. This 3-way branch 
may result in the next address coming from the D inputs, the stack 
or the microprogram counter. 

The IDT49C410S provide a 16-bit address at the Y outputs that 
are under control of the OE input. Thus, the outputs can be put in 
the three-state mode, allowing the writable control store to be 
loaded or certain types of external diagnostics to be executed. 

In summary, the IDT49C410S are the most powerful 
microprogram sequencers currently available. They provide the 
deepest stack, the highest performance and the lowest power dis- 
sipation for today’s microprogrammed machine design. 
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IDT49C410 OPERATION 

The IDT49C410sare CMOS pin-compatible implementations of 
the Am2910 and Am2910A microprogram sequencers. The 
IDT49C410 sequencers are functionally identical except that they 
are 16 bits wide and provide a 33-deep stack to give the 
microprogrammer more capability in terms of microprogram sub- 
routines and microprogram loops. The definition of each 
microprogram instruction is shown in the table of instructions. This 
table shows the results of each instruction in terms of controlling 
the multiplexer which determines the Y outputs and in controlling 
the signa ls that can be u sed to enable various branch address 
sources. (PL, MAP, VECT). The operation of the register/counter 
and the 33-deep stack after the next LOW-to-HIGH transition of the 
clock are also shown. The internal multiplexer is used to select 
which of the internal sources is used to drive the Y outputs. The ac- 
tual value loaded into the microprogram counter is either identical 
to the Y output or the Y output value is incremented by 1 and placed 
in the microprogram counter. This function is under the control of 
the carry input. For ea ch of the microin struction inputs, only one of 
the three outputs (PL, MAP or VECT ) will be LOW. Note that this 
function is not determined by any of the possible condition code 
inputs. These outputs can be used to control the three-state selec- 
tion of one of the sourc es for t he microprogram branches. 

Two inputs, CC and CCEN, can be used to control the condi- 
tional instr uctio ns. These are fully defined in the table of instruc- 
tions. The RLD input can be used to load the internal register/ 
counter at any time. When this input is LOW, the data at the D inputs 
will be loaded into this register/counter on the LOW-to-HIGH transi- 
tion of the clock.Thus, the RLD input overrides the internal hold or 
decrement operations specified by the various microinstructions. 
The OE input is normally LOW and is used as the three-state en- 
able for the Y outputs. The internal stack in the IDT49C410S is a 
last-in/first-out memory that is 16 bits in width and 33 words deep. It 
has a stack pointer that addresses the stack and always points to 
the value currently on the top of the stack. When instruction 0 (RE- 
SET) is executed, the stack pointer is initialized to the top of the 
stack which is, by definition, the stack empty condition. Thus, the 
contents of the top of the stack are undefined until the forced PUSH 
occurs. A pop performed while the stack is empty will not change 
the stack pointer in any way; however, it will result in unknown data 
at the Y outputs. 

By definition, the stack is full any time 33 more PUSHes than 
pops hav e occ urred since the stack was last empty. When this hap- 
pens, the FULL flag will go LOW. This signal first goes LOW on the 
microcycle after the 33 pushes occur. When this signal is LOW, no 
additional pushes should be attempted or the information on the 
top of the stack will be lost. 

THE IDT49C410 INSTRUCTION SET 

This data sheet contains a block diagram of the IDT49C410 
microprogram sequencers. As can be seen, the devices are con- 
trolled by a 4-bit microinstruction word (I 3 -I 0 ). Normally, this word 
is supplied from one 4-bit field of the microinstruction word associ- 
ated with the entire state machine system. These four bits provide 
for the selection of one of the sixteen powerful instructions associ- 
ated with selecting the address of the next microinstruction. Un- 
used Y outputs can be left open; however, the corresponding most 
significant D inputs should be tied to ground for smaller 
microwords. This is necessary to make sure the internal operation 
of the counter is proper should less than 64K of microcode be im- 
plemented. As shown in the block diagram, the int erna l instruc tion 
PLA uses the four instruction inputs, as well as the CC, CCEN and 
the internal counter = 0 line for controlling the sequencer. This 
internal instruction PLA provides all of the necessary internal con- 
trol signals to control each particular part of the microprogram 
sequencer. The next address at the Y outputs of the IDT49C410s 
can be from one of four sources. These include the internal 


microprogram counter; the last-in/first-out stack; the register/ 
counter and the direct inputs. 

The following paragraphs will describe each instruction associ- 
ated with the IDT49C410s. As a part of the discussion, an example 
of each instruction is shown in Figure 1 . The purpose of the exam- 
ples is to show microprogram flow. Thus, in each example the mi- 
croinstruction currently being executed has a circle around it. That 
is, this microinstruction is assumed to be the contents of the pipe- 
line register at the output of the microprogram memory. In these 
drawings, each of the dots refers to the time that the contents of the 
microprogram memory word would be in the pipeline register and 
is currently being executed. 

INSTRUCTION 0- 
JUMP 0 (JZ) 

This instruction is used at power-up time or at any restart se- 
quence when the need is to reset the stack pointer and jump to the 
very first address in microprogram memory. The Jump 0 instruc- 
tion does not change the contents of the register/counter. 

INSTRUCTION 1 - 

CONDITIONAL JUMP TO SUBROUTINE (CJS) 

The Conditional Jump to Subroutine instruction is the one used 
to call microprogram subroutines. The subroutine address will be 
contained in the pipeline register and presented at the D inputs. If 
the condition code test is passed, a branch is taken to the subrou- 
tine. Referring to the flow diagram for the IDT49C410S shown in fig- 
ure 1 , we see that the content of the microprogram counter is 68. 
This value is pushed onto the stack and the top of the stack pointer 
is incremented. If the test is failed, then this conditional Jump to 
Subroutine instruction behaves as a simple continue. That is, the 
contents of microinstruction address 68 are executed next. 

INSTRUCTION 2- 
JUMP MAP (JMAP) 

This sequencer instruction can be used to start different 
microprogram routines based on the machine instruction opcode. 
This is typically accomplished by using a mapping PROM as an 
input to the D inputs on the microprogram sequencer. The JMAP 
instruction branches to the address appearing on the D inputs. In 
the flow diagram shown in Figure 1 , we see that the branch actually 
will be to the contents of microinstruction 85 and this instruction 
will be executed next. 

INSTRUCTION 3- 

CONDITIONAL JUMP PIPELINE (CJP) 

The simplest branching control available in the IDT49C410 
microprogram sequencers is that of Conditional Jump to Address. 
In this instruction, the jump address is usually contained in the mi- 
croinstruction pipeline register and presented to the D inputs. If the 
test is passed, the jump is taken. If the test fails, this instruction exe- 
cutes as a simple continue. In the example shown in the flow dia- 
gram of Figure 1 , we see that, if the test is passed, the next mi- 
croinstruction to be executed is the contents of address 25. If the 
test is failed, the microcode simply continues to the contents of the 
next instruction. 

INSTRUCTION 4- 

PUSH/CONDITIONAL LOAD COUNTER (PUSH) 

With this instruction, the counter can be conditionally loaded 
during the same instruction that pushes the current value of the 
microprogram counter on to the stack. Under any condition inde- 
pendent of the conditional testing, the microprogram counter is 
pushed on to the stack. If the conditional test is passed, the counter 
will be loaded with the value on the D inputs to the sequencer. If the 
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test fails, the contents of the counter will not change. The PUSH/ 
Conditional Load Counter instruction is used in conjunction with 
the loop instruction (Instruction 13), the repeat file based on the 

IDT49C410 INSTRUCTION OPERATIONAL SUMMARY 


INSTRUCTION 5- 

CONDITIONAL JUMP TO SUBROUTINE R/PL 
(JSRP) 

Subroutines may be called by a Conditional Jump Subroutine 
from the internal register or from the external pipeline register. In 
this instruction, the contents of the microprogram counter are 
pushed on the stack and the branch address for the subroutine call 
will be taken from either the internal register/counter or the external 
pipeline register presented to the D inputs. If the conditional test is 
passed, the subroutine address will be taken from the pipeline reg- 
ister. If the conditional test fails, the branch address is taken from 
the internal register/counter. An example of this is shown in the flow 
diagram of Figure 1. 

INSTRUCTION 6- 

CONDITIONAL JUMP VECTOR (CJV) 

The Conditional Jump Vector instruction is similar to the Jump 
Map instruction in that it allows a branch operation to a microin- 
struction, as defined from some external source. This instruction is 
similar to the Jump Map instruction except that it is conditional. 
The Jump Map instruction is unconditional. If the conditional testis 
passed, the branch is taken to the new address on the D inputs. If 


counter instruction (Instruction 9) or the 3-way branch instruction 
(Instruction 15). 


the conditional test is failed, no branch is taken but rather the 
microcode simply continues to the next seq uential microin- 
struction. When this instruction is executed, the VECT output is 
LOW unconditionally. Thus, an external 1 6-bit field can be enabled 
on to the D inputs of the microprogram sequencer. 

INSTRUCTION 7- 
CONDITIONAL JUMP R/PL (JRP) 

The Conditional Jump register/counter or external pipeline reg- 
ister always causes a branch in microcode. This jump will be to one 
of two different locations in the microcode address space. If the test 
is passed, the jump wil I be to the address presented on the D inputs 
to the microprogram sequencer. If the conditional test fails, the 
branch will be to the address contained in the internal 
register/counter. 

INSTRUCTION 8- 

REPEAT LOOP COUNTER NOT EQUAL TO 0 
(RFCT) 

This instruction utilizes the loop counter and the stack to imple- 
ment microprogrammed loops. The start address for the loop 
would be initialized by using the PUSH/conditional load counter 
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instruction. Then, when the repeat loop instruction is executed, if 
the counter is not equal to 0, the next microword address will be 
taken from the stack. This will cause a loop to be executed as 
shown in the Figure 1 flow diagram. Each time the microcode se- 
quence goes around the loop, the counter is decremented. When 
the counter reaches 0, the stack will be popped and the microin- 
struction address will be taken from the microprogram counter. 
This instruction performs a timed wait or allows a single sequence 
to be executed to the desired number of times. Remember, the ac- 
tual number of loops performed is equal to the value in the counter 
plus 1. 

INSTRUCTION 9- 

REPEAT PIPELINE, COUNTER NOT EQUAL TO 0 
(RPCT) 

This instruction is another technique for implementing a loop 
using the counter. Here, the branch address for the loop Is con- 
tained in the pipeline register. This instruction does not use the 
stack in any way as a part of its implementation. As long as the 
counter is not equal to 0, the next microword address will be taken 
from the D inputs of the microprogram sequencer. When the 
counter reaches 0, the internal multiplexer will select the address 
source from the microprogram counter, thus causing the 
microcode to continue on and leave the loop. 

INSTRUCTION 10- 
CONDITIONAL RETURN (CRTN) 

The Conditional Return instruction is used for terminating sub- 
routines. The fact that it is conditional allows the subroutine either 
to be ended or continue. If the conditional test is passed, the ad- 
dress of the next microinstruction will be taken from the stack and it 
will be popped. If the conditional test fails, the next microin- 
struction address will come from the internal microprogram 
counter. This is depicted in the flow diagram of Figure 1. It is impor- 
tant to remember that every subroutine call must somewhere be 
followed by a return from subroutine call in order to have an equal 
number of pushes and pops on the stack. ' 

INSTRUCTION 11- 

CONDITIONAL JUMP PIPELINE AND POP (CJPP) 

The Conditional Jump Pipeline and Pop instruction is a tech- 
nique for exiting a loop from within the middle of the loop. This is 
depicted fully in the flow diagrams for the IDT49C41 0s as shown in 
Figure 1. The conditional test input for this instruction results in a 
branch being taken if the test is passed. The address selected will 
be that on the D inputs to the microprogram sequencer and since 
the loop in being terminated, the stack will be popped. Should the 
test be failed on the conditional test inputs, the microprogram will 
simply continue to the next address as taken from the 
microprogram counter. The stack will not be affected if the condi- 
tional test input is failed. 

INSTRUCTION 12- 

LOAD COUNTER AND CONTINUE (LDCT) 

The Load Counter and Continue instruction is used to place a 
value of the D inputs in the register/counter and continue to the next 
microinstruction. 


INSTRUCTION 13- 
TEST END OF LOOP (LOOP) 

The Test End of Loop instruction is used as a last instruction in a 
loop associated with the stack. During this instruction, if the condi- 
tional test input is failed, the loop branch address will be that on the 
stack. Since we may go around the loop a number if times, the 
stack is not popped. If the conditional test input is passed, the loop 
is terminated and the stack is popped. Notice that the loop instruc- 
tion requires a PUSH to be performed at the instruction immedi- 
ately prior to the loop return address. This is necessary in order to 
have the correct address on the stack before the loop operation. 
Forthis reason, the stack pointer always points to the last thing writ- 
ten on the stack. 

INSTRUCTION 14- 
CONTINUE (CONT) 

The Continue instruction is a simple instruction whereby the ad- 
dress for the microinstruction is taken from the microprogram 
counter. This instruction simply causes sequential program flow to 
the next microinstruction in microcode memory. 

INSTRUCTION 15- 
THREE WAY BRANCH (TWB) 

The Three Way Branch instruction is used for looping while wait- 
ing for a conditional event to come true. If the event does not come 
true after some number of microinstructions, a branch is taken to 
another microprogram sequence. This is depicted in Figure 1 
showing the IDT49C41 0 flow diagrams and is also described in full 
detail in the IDT49C410s’ instruction operational summary. Opera- 
tion of the instruction is such that, any time the external conditional 
test input is passed, the next microinstruction will be that associ- 
ated with the program counter and the loop will be left; the stack is 
also popped. Thus, the external test input overrides the other possi- 
bilities. Should the external conditional test input not be true, then 
the rest of the operation is controlled by the internal counter. If the 
counter is not equal to 0, the loop is taken by selecting the address 
on the top of the stack as the address out of the Y outputs of the 
IDT49C410s. In addition, the counter is decremented. Should the 
external conditional test input be failed and the counter also have 
counted to 0, then this instruction “times out”. The result is that the 
stack is popped and a branch is taken to the address presented to 
the D inputs of the IDT49C410 microprogram sequencers. This ad- 
dress is usually provided by the external pipeline register. 

CONDITIONAL TEST 

Throughout this discussion we have talked about microcode 
passing the conditional test. There are actually two in puts ass oci- 
ated with the cond itional test input. These include the CCEN and 
the CC i nputs. T he CCEN input is a condition code enable. When- 
ever the CCEN input is HIGH, the CC input is ignored and the de- 
vice operates as though the CC input were tru e (LOW ). Thus, a fail 
of the external test condition can be defined as CCEN equal s LOW 
and CC equals HIGH. A pass condition is defined as a CCEN 
equal to HIGH or a CC equal to LOW. It is important to recognize 
the full function of the condition code enable and the condition 
code inputs in order to understand when the test is passed or 
failed. 
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IDT49C410/A 16-BIT CMOS 
MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

■mill 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to + 1 35 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

1.0 

1.0 

w 

'oUT 

DC Output Current 

30 

30 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

V IN = ov 

5 

PF 

Com 

Output Capacitance 

Vout= 0V 

7 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T A = 0°Cto +70°C Vcc = 5.0V ± 5% (Commercial) 

T A = -55 °C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 

Vhc = Vco-0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* J > 

MAX. 

UNIT 

V,H 

Output HIGH Level 

Guaranteed Logic High Level * 4) 

2.0 

- 

- 

ma 

Mu 

Output LOW Level 

Guaranteed Logic Low Level * 4) 

- 

- 

0.8 

ma 

',L 

Input HIGH Current 

\fcc = Max., V|n = Vcc 

- 

0.1 

5 

pA 

',L 

Input LOW Current 

Mdc = Max., V 1N — GND 

- 

-0.1 

-5 

PA 




Iqh — -300jjA 

MW 

MIW 

- 


VoH 

Output HIGH Voltage 

Ioh = -12mA MIL. 

ma 

mm 

- 




I 0H = -15mA COM’L. 

MB 

mm 

- 

■ 



V cc = Min. 

V,N = V IH or Ml 

Iql = 300jjA 

- 

GND 

V LC 

| 

V 0L 

Output LOW Voltage 

lou = 20mA MIL. 

- 

0.3 

0.5 




I 0L = 24mA COM’L. 

- 

0.3 

0.5 

1 


Off State (High Impedance) 

Vcc = Max. 

o< 

II 

o 

- 

-0.1 

-10 

PA 

'oz 

Output Current 

V 0 = V cc (Max.) 

- 

0.1 

10 

'os 

Output Short Circuit Current 

V cc = Min., V 0UT = 0V *3) 

-30 

- 

- 

mA 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics. 

2. Typical values are at Vcc - 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 





















































































IDT49C410/A 16-BIT CMOS 
MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T a = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 

Vhc= Vcc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

TYP.<2) 

MAX. 

UNIT 

m 

Quiescent Power Supply Current 
CP = H (CMOS Inputs) 

Vcc = Max. 

Vhc - V|H • Ml ^ V LC 
f c = 0, CP = H 

■ 

35 

50 

mA 

m 

Quiescent Power Supply Current 
CP = L (CMOS Inputs) 

Vcc = Max. 

Vhc - Vih ■ Ml 5 V LC 
f CP = 0, CP = L 

■ 

35 

50 

mA 

•cot 

Quiescent Input Power Supply 
Current (per Input @ TTL High) 

V cc = Max., V| N = 3.4V, f CP = 0 

B 

0.3 

0.5 

mA/ 

Input 

IcCD 

Dynamic Power Supply Current 

V cc = Max. 

Vhc ^ V| H , V|l < V.c 

Outputs Open, OE = L 

MIL. 

- 

1.0 

3.0 

mA/ 

MHz 

COM'L. 

- 

1.0 

1.5 

■ 

Total Power Supply Current* 61 

V C c = Max., fp.p -- 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

Vhc 5 Vh . Ml < V LC 

MIL. 

- 

45 

80 

mA 

COM'L. 

- 

45 

65 

V C c = Max., feme 10MHz 

Outputs Open, OE = L 

CP = 50% Duty cycle 

Vhc 5 Vih , Ml < V L c 

MIL. 

- 

50 

90 

COM'L 

- 

50 

75 


NOTES: 


5. Iccqt is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccqh. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

be = Iccqh ( cd h) + Iccql (1 _ cd h) + Icct ( n t x D h ) + loco ( f cp) 

CD h = Clock duty cycle high period 

D h = Data duty cycle TTL high period (^ N = 3.4V) 

N T = Number of dynamic inputs driven at TTL levels 
f cp = Clock Input Frequency 


CMOS TESTING CONSIDER A i iONS 

There are certain testing considerations which must be taken 
into account when testing high-speed CMOS devices in an auto- 
matic environment. These are: 

1) Proper decoupling at the test head is necessary. Placement of 
the capacitor set and the value of capacitors used is critical in 
reducing the potential erroneous failures resulting from large 
Vcc current changes. Capacitor lead length must be short and 
as close to the DUT power pins as possible. 

2) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may begin to oscillate causing 
improper device operation and possible latchup. 


3) Definition of input levels is very important. Since many inputs 
may change coincidentally, significant noise at the device pins 
may cause the Vil and Vih levels not to be met until the noise has 
settled. To allow for this testing/board induced noise, IDT rec- 
ommends using Vil < 0V and Vih > 3V for AC tests. 

4) Device grounding is extremely important for proper device test- 
ing. The use of multi-layer performance boards with radial 
decoupling between power and ground planes is required. The 
ground plane must be sustained from the performance board to 
the DUT interface board. All unused interconnect pins must be 
properly connected to the ground pin. Heavy gauge stranded 
wire should be used for power wiring and twisted pairs are rec- 
ommended to minimize inductance. 
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IDT49C410/A 16-BIT CMOS 
MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C410A 

AC ELECTRICAL CHARACTERISTICS 

I. SET-UP AND HOLD TIMES 


INPUTS 

l (s) 

l (h) 

UNIT 

COM’L. 

MIL 

COM’L. 

MIL. 

D,— rR 

6 

7 

0 

0 

ns 

Di — +PC 

13 

15 

0 

0 

ns 


23 

25 

0 

0 

ns 

CC 

15 

18 

0 

0 

ns 

CCEN 

15 

18 

0 

0 

ns 

Cl 

6 

7 

0 

0 

ns 

RLD 

11 

12 

0 

0 

ns 


IDT49C410 

AC ELECTRICAL CHARACTERISTICS 

1. SET-UP AND HOLD TIMES 


INPUTS 

l (s) 

t(h) 

UNIT 

COM’L. 

MIL. 

COM’L. 

MIL. 

D, — +R 

16 

16 

0 

0 

ns 

Di— >PC 

30 

30 

0 

0 

ns 

*0-3 

35 

38 

0 

0 

ns 

CC 

24 

35 

0 

0 

ns 

CCEN 

24 

35 

0 

0 

ns 

Cl 

18 

18 

0 

0 

ns 

RLD 

19 

20 

0 

0 

ns 


II. COMBINATIONAL DELAYS 


INPUTS 

Y 

| PL, VECT, MAP 

1 FULL 

UNIT 

i*snw 

ill 






12 

15 

- 

- 

- 

- 

ns 


20 

25 

13 

15 

- 

- 

ns 

CC 

16 

El 

- 

- 

- 

- 

MM 

CCEN 

16 

1 20 

- 

- 

- 

- 

1 ns 1 

CP 

28 

9 

- 

- 

22 

H 1 

B 

OE* 1 * 

10/10 

13/13 

- 

- 

- 

rzi 

ns | 


NOTE: 

1 . Enable/Disable. Disable times measure to 0.5V change on output volt- 
age level with C L = 5pF. 


II. COMBINATIONAL DELAYS 


INPUTS 

Y 

| PL, VECT, MAP 

1 FULL i 

UNIT 


KX9 


KIM 


BlUWI 


20 

25 

- 

- 

- 

- 

ns 


35 

40 

30 

35 

- 

- 

ns 

CC 

30 


- 

- 

- 

- 

mm. 

CCEN 

30 

1 36 

- 

- 

- 

- 

1 ns 1 

CP 

40 

mm 

- 

- 

31 

9 


OE <’> 

25/27 


- 

- 

- 


l- ns 


NOTE: 

1. Enable/Disable. Disabletimesmeasureto0.5Vchangeonoutputvolt- 
age level with C L = 5pF. 



III. CLOCK REQUIREMENTS 



COM’L. 

MIL 

UNIT 

Minimum Clock LOW Time 

18 

20 

ns 

Minimum Clock HIGH Time 

17 

20 

ns 

Minimum Clock Period 

35 

40 

ns 


III. CLOCK REQUIREMENTS 



COM’L 

MIL. 

UNIT 

Minimum Clock LOW Time 

20 

25 

ns 

Minimum Clock HIGH Time 

20 

25 

ns 

Minimum Clock Period 

50 

51 

ns 


SWITCHING WAVEFORMS 





inputs 3 r. in 

t 15Vj 

11 

CLOCK 3 ° V “\ -J 

0V \___J 

C 

1.5V 

‘ 7 

r 

- t h 

CLOCK 

TO 

OUTPUT 

DELAY 


INPU 

OU1 

DEI 

IT TO 
'PUT 

LAY 

outputs mmmm 
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IDT49C410/A 16-BIT CMOS 
MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C410 INPUT/OUTPUT 
INTERFACE CIRCUITRY 


ESD 

PROTECTION 


INPUTS 0 WV- 

R 


- 0 °— 


Figure 1. Input Structure 


v cc 



TEST LOAD CIRCUIT 



TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
Rj = Termination resistance: should be equal to Z 0UT of the 
Pulse Generator 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 3 
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IDT49C410/A 16-BIT CMOS 
MICROPROGRAM SEQUENCER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Commercial (0°Cto + 70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 

Sidebraze SHRINK-DIP 

Sidebraze DIP 

PLCC 

LCC 

Flatpack 

16-Bit Microprogram Sequencer 
Fast 16-Bit Microprogram Sequencer 
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Integrated Device Technology. Inc. 


20-BIT CMOS ADVANCE 

INTERRUPTABLE information 

MICROPROGRAM iDT49C4ii 

SEQUENCER 


FEATURES: 

• Interrupt priority handler 

— Handles up to 8 interrupts 

— Throughput of one interrupt/cycle 

— Maximum latency of 2 cycles 

• 20-bit wide address path 

— Addresses up to 1Mbyte words of microprogram memory 

• Two input address buses (D, A) 

— Bidirectional D bus provides access to internal stacks and 
ALU data path 

— Bus A provides convenient input from pipelined register 

• 20-bit loop counter 

— Presettable down counter for counting loop interations and 
repeating instructions 

— Nested looping using loop stack 

• Three independent 64-deep stacks 

— Allow for nested subroutines, interrupts and loop counters 

— Fast interrupt context switch on every clock cycle 

• Multiple condition code inputs 

— Eliminates external condition code multiplexer 

— Includes ALU status flag inputs 

— Provides test and branch on <,>,=, etc. 

• Multiway branch inputs 

— Allows for parallel test and branch on multiple inputs 

• Incorporates Serial Protocol Channel (SPC™ } 

— On-chip diagnostics 


- Easy access to internal stacks and registers 

- Incorporates address break point detect 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT49C411 is a 20-bit high-performance CMOS interrupt- 
able microprogram sequencer. This flexible, yet fast sequencer is 
used for controlling the sequence of execution of microinstructions 
stored in the microprogram memory. It has been optimized for use 
in microprogram designs of very high-speed dedicated applica- 
tions such as graphics, disk controllers, communications and DSP 
engines. 

Its three bus architecture provides direct address access of up 
to 1 megaword of microprogram memory. The IDT49C411 in- 
cludes such powerful features as a 20-bit counter/register, multi- 
way branching, flexible condition code testing via an internal multi- 
plexer and three independent 64-deep stacks. All three stacks en- 
able the user to perform fast context switches every clock cycle 
with a maximum throughput latency of two clock cycles. 

The IDT49C411 incorporates Serial Protocol Channel (SPC), an 
on-chip diagnostics feature which allows access to the internal 
stacks and registers. Also included is the provision for breakpoint 
detection. SPC simply and easily provides for system board and 
system level design verification, manufacturing test and field main- 
tenance support. 

ThelDT49C411 is fabricated using CEMOS™ , IDT’s advanced 
CMOS technology designed for high-performance and high- 
reliability. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B. 


FUNCTIONAL BLOCK DIAGRAM 


TER 

IRQ 

C, N, V. Z 
CCo-7 
CCSEL 


MW 


SDI 

C/E 

SCLK 


ERR SDO OE Y 

CEMOS and SPC are registered trademarks of Integrated Device Technology, Inc. 



INST 

C IN 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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16-BIT CMOS 
ERROR DETECTION 


IDT39C60A 

IDT39C60-1 

IDT39C60 



MICROSLICE™ PRODUCT 


FEATURES: 

• Low power CEMOS ™ 

— Military: 100mA (max.) 

— Commercial: 85mA (max.) 

• Fast 

— Data in to error detect 

IDT39C60A: 20ns (max.), IDT39C60-1: 25ns (max.) 
IDT39C60: 32ns (max.) 

— Data in to corrected data out 

IDT39C60A: 30ns (max.), IDT39C60-1: 52ns (max.) 
IDT39C60: 65ns (max.) 

• Improves system memory reliability 

— Corrects all single-bit errors, detects all double and some 
triple-bit errors 

• Cascadable 

— Data words up to 64 bits 

• Built-in diagnostics 

— Capable of verifying proper EDC operation via software 
control 

• Simplified byte operations 

— Fast byte writes possible with separate byte enables 

• Available in 48-pin DIP, 52-pin PLCC and LCC, as well as space- 
efficient 48-pin Shrink-DIP (70 mil pin centers) and 48-pin LCC 

• Pin-compatible to all versions of the 2960 

• Military product available compliant to MIL-STD-883, Class B 


DESCRIPTION: 


The IDT39C60 family are high-speed, low-power, 16-bit Error De- 
tection and Correction Units which generate check bits on a 16-bit 
data field according to a modified Hamming Code and correct the 
data word when check bits are supplied. When performing a read 
operation from memory, the IDT39C60S will correct 100% of all 
single bit errors, will detect all double bit errors and some triple bit 
errors. 

The IDT39C60S are easily cascadable from 16 bits up to 64 bits. 
Sixteen-bit systems use 6 check bits, 32-bit systems use 7 check 
bits and 64-bit systems use 8 check bits. For all three configurations, 
the error syndrome is made available. 

All incorporate 2 built-in diagnostic modes. Both simplify testing 
by allowing for diagnostic data to be entered into the device and to 
execute system diagnostic functions. 

The IDT39C60s are pin-compatible, performance-enhanced 
functional replacements for all versions of the 2960. They are fabri- 
cated using CEMOS, a CMOS technology designed for high- 
performance and high-reliability. The devices are packaged in 
either 48-pin DIPS, or 48-pin LCC and 52-pin PLCC and LCCs. 

Military grade product is manufactured in compliance to the 
latest revision of MIL-STD-883, Class B. 



FUNCTIONAL BLOCK DIAGRAM 



CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. DSC-9016/- 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


CORRECT 

C 

1 


48 

□ 

PASS THRU 

DATA 15 

c 

2 


47 

□ 

DIAG MODEi 

DATA 14 

c 

3 


48 

□ 

DIAG MODEo 

data 13 

c 

4 


45 

□ 

CODE ID 2 

data 12 

c 

5 


44 

□ 

CODE ID, 

LE, n 

cz 

6 


43 

□ 

CODE IDo 

CEdiag 

c 

7 


42 

□ 

Generate 

0 EBYTE, 

q 

8 


41 

□ 

cb 6 

DATA,, 

q 

9 


40 

□ 

cb 0 

DATA 10 

c 

10 


39 

□ 

cb 5 

DATA 9 

c 

11 

P48-1 , 

38 

□ 

cb 4 

DATA 8 

c 

12 

C48-1 

37 

□ 

cb 3 

GND 

1= 

13 

& 

36 

□ 

Vcc 

DATA 7 

c 

14 

C48-2 

35 

□ 

cb 2 

data 6 

c 

15 


34 

□ 

CB, 

DATA 5 

c 

16 


33 

□ 

Mult error 

DATA 4 

1= 

17 


32 

□ 

ERROR 

OEBYTEq 

c 

18 


31 

□ 


LEout 

[= 

19 


30 

□ 

SCq“ 

data 3 

[= 

20 


29 

□ 

sc 5 

data 2 

c 

21 


28 

□ 

sc 3 

DATAi 

c 

22 


27 

=] 

sc 2 

DATA 0 

c 

23 


26 

=1 

sc 4 

SC, 

[= 

24 


25 

□ 

SCe 


DIP 

TOP VIEW 

(600 mil x 100 mil CENTERS) 
(400 mil x 70 mil CENTERS) 


INDEX 


uJ u? 
O Q 


ooQ'dfi 

5i 2 -"££ SS UJIULIJ 
J? l*'l£ C ?? ® ° O Q O 

„T^^0<<^000 

JQQQQOD.QOOOO 


5 4 3 2 U 48 47 46 45 44 43 


LEdiag 

p7 

1 

42 G 

GENERATE 

GE BYTE, 

D 8 


41 B 

cb 6 

DATA 1, 

L'] a 


40 El 

CB 0 

DATA, 0 

□ 10 


39 El 

cb 5 

DATA 9 

b ii 


38 El 

cb 4 

DATA 8 
GND 

□ 12 

D 13 

L48-1 

37 El 
36 E3 

cb 3 

Vcc 

DATA 7 

□ 14 


35 G 

cb 2 

data 6 

D 15 


34 C!I 

CB, 

DATA 5 

U ie 


33 El 

MULT ERROR 

DATA 4 

P 17 


32 U.J 

ERROR 

OE BYTE 0 

n is 


31 El 

5Fsc 



20 21 22 23 24 25 26 27 28 

29 30 ) 



§<< <<oc?oc?cyocy 
m<<<< wWWOTWWOT 

- 1 Q O Q Q 


TOPWEW 
(560 mil x 650 mil) 


INDEX 


l£J u? 

Q O CM -r- O 

O O Q Q Q 

Z^SjSiSffgggOOO 

OUJ<<<<O<<<OOO 

2JQQOOOQ.OOOOO 


ts x 

in LU r 1 - 



§j£ j£ < < cJcf d'd'd’d’c? 

u? £ £ i;^o«wwwcow 

- 1 Q O Q Q 


NC 

generate 

cb 6 

CBo 

cb 5 

cb 4 

cb 3 

Vcc 

cb 2 

cb, 

MULT ERROR 

ERROR 

0E SC 


PLCC/LCC 
TOP VIEW 
(750 mil x 750 mil) 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTIONS 


PIN NAME 

I/O 

DESCRIPTION 

DATA 0 _i 5 

I/O 

1 6 bidirectional data lines. They provide input to the Data Input Latch and receive output from the Data Output Latch. DATA 0 is 
the least significant bit; DATA ,5 the most significant. 

CB 0-6 

1 

Seven check bit input lines. The check bit lines are used to input check bits for error detection. Also used to input syndrome bits 
for error correction in 32- and 64-bit configurations. 

le in 


Latch Enable -Data Input Latch. Controls latching of the input data. When HIGH, the Data Input Latch and Check Bit Input 



OE BYTE 0 
OE BYTE, 



CODE IDq -2 


I 



Latch follow the input data and input check bits. When LOW, the Data Input Latch and Check Bit Input Latch are latched to their 
previous state. 


Generate Check Bits input. When this input is LOW, the EDC is in the Check Bit Generate mode. When HIGH, the EDC is in the 
Detect mode or Correct mode. In the Generate mode, the circuit generates the check bits or partial check bits specific to the 
data in the Data Input Latch. The generated check bits are placed on the SC outputs. In the Detect or Correct modes the EDC 
detects single and multiple errors and generates syndrome bits based upon the contents of the Data Input Latch and Check Bit 
Input Latch. In Correct mode, single-bit errors are also automatically corrected— corrected data is placed at the inputs of the 
Data Output Latch. The syndrome result is placed on the SC outputs and indicates, in a coded form, the number of errors and 
the bit-in-error. 


Syndrome/Check Bit outputs. These seven lines hold the check/partial check bits when the EDC is in Generate mode and will 
hold the syndrome/partial syndrome bits when the device is in Detect or Correct modes. These are 3-state outputs. 


Output Enable -Syndrome/Check Bits. When LOW, the 3-state output lines SC 0 _ 6 are enabled. When HIGH, the SC outputs 
are in the high impedance state. 


Error Detected output. When the EDC is in Detect or Correct mode, this output will go LOW if one or more syndrome bits are 
asserted, meaning there are one or more bit errors in the d ata or che ck bits. If no syndrome bits are asserted, t here are n o errors 
detected and the output will be HIGH. In Generate mode, ERROR is forced HIGH. (In a 64-bit configuration. ERROR must be 
implemented externally.) 


Multiple Errors Detected output. When the EDC is in Detect or Correct mode this output, if LOW, indicates that there are two or 
more bit errors that have been detected. If HIGH, this indicates that either one or no errors have been detected. In Generate 
mode, MULT ERROR is forced HIGH. (In a 64-bit configuration, MULT ERROR must be implemented externally.) 


Correct input. When HIGH, this signal allows the correction network to correct any single-bit error in the Data Input Latch (by 
complementing the bit-in-error) before putting it into the Data Output Latch. When LOW, the EDC will drive data directly from 
the Data Input Latch to the Data Output Latch without correction. 


Latch Enable - Data Output Latch. Controls the latching of the Data Output Latch. When LOW, the Data Output Latch is latched 
to its previous state. When HIGH, the Data Output Latch follows the output of the Data Input Latch as modified by the correction 
logic network. In Correct mode, single-bit errors are corrected by the network before loading into the Data Output Latch. In 
Detect mode, the contents of the Data Input Latch are passed through the correction network unchanged into the Data Output 
Latch. The inputs to the Data Output Latch are disabled with its contents unchanged if the EDC is in Generate mode. 


Output Enable — Bytes 0 and 1 , Data Output Latch. These lines control the 3-state outputs for each of the two bytes of the Data 
Output Latch. When LOW, these lines enable the Data Output Latch and, when HIGH, these lines force the Data Output Latch 
into the high impedance state. The two enable lines can be separately activated to enable only one byte of the Data Output Latch 
at a time. 


Pass Thru input. This line, when HIGH, forces the contents of the Check Bit Input Latch onto the Syndrome/Check Bit outputs 
(SCq- 6 ) and the unmodified contents of the Data Input Latch onto the inputs of the Data Output Latch. 


Diagnostic Mode Select. These two lines control the initialization and diagnostic operation of the EDC. 


Code Identification inputs. These three bits identify the size of the total data word to be processed and which 1 6-bit slice of 
larger data words a particular EDCis processing. The threeallowable data word sizes are 16, 32, and 64 bits and their respective 
modified Hamming codes are designated 16/22, 32/39 and 64/72. Special CODE ID input 001 (ID 2 . ID! , IDo) is also used to 
instruct the EDC that the signals CODE ID 0 - 2 , DIAG MODE 0 - 1 , CORRECT and PASSTHRU are to betaken from the diagnostic 
latch rather than the control lines. 


Latch Enable— Diagnostic Latch. The Diagnostic Latch follows the 16 -bit data on the input lines when HIGH. When LOW, the 
outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch holds diagnostic check bits and inter- 
nal control signals for CODE ID0-2. DIAG MODE0-1, CORRECT and PASSTHRU. 
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PRODUCT DESCRIPTION 

The IDT39C60 EDC Unit is a powerful 16-bit cascadabie slice 
used for check bit generation, error detection, error correction and 
diagnostics. As shown in the Functional Block Diagram, the device 
consists of the following: 

— Data Input Latch 

— Data Output Latch 

— Diagnostic Latch 

— Check Bit Input Latch 

— Check Bit Generation Logic 

— Syndrome Generation Logic 

— Error Detection Logic 

— Error Correction Logic 

— Control Logic 

DATA INPUT/OUTPUT/DIAGNOSTIC LATCHES 

The LEin, Latch Enable input, controlsthe Data Input Latch which 
can load 16 bits of data from the bidirectional DATA lines. The 
input data is used for either check bit generation or error detection/ 
correction. 

The 16 bits of data from the DATA lines can be loaded into the 
Diagnostic Latch under control of the Diagnostic Latch Enable, 
LEdiag, giving check bit information in one byte and control informa- 
tion in the other byte. The Diagnostic Latch is used when in Internal 
Control mode or in one of the Diagnostic modes. 

The Data Output Latch is split into 2 bytes and enabled onto the 
DATA lines through separate byte control lines. The Data Output 
Latch stores the result of an error correction operation or is loaded 
directly from the Data Input Latch under control of the Latch Enable 
Out (LEour). The PASSTHRU control input determines which data is 
loaded. 

CHECK BIT GENERATION LOGIC 

This block of combinational logic generates 7 check bits using a 
modified Hamming code from the 16 bits of data input from the Data 
Input Latch. 

SYNDROME GENERATION LOGIC 

This logic compares the check bits generated through the Check 
Bit Generator with either the check bits in the Check Bit Input Latch 
or 7 bits assigned in the Diagnostic Latch. 

Syndrome bits are produced by an exclusive-OR of the two sets 
of bits. A match indicates no errors. If errors occur, the syndrome 
bits can be decoded to indicate the bit in error, whether 2 errors were 
detected or 3 or more errors. 

ERROR DETECTION/CORRECTION LOGIC 

The syndrome bits generat ed by th e S yndrome Logic are de- 
coded and used to control the ER ROR and MULT ERROR outputs. 
If one or more errors are d etected, ER ROR goes low. I f two or more 
errors are detected, both ERROR and MULT ERROR go low. Both 
outputs remain high when there are no errors detected. 

For single bit errors, the correction logic will complement (cor- 
rect) the bit in error, which can then be loaded into the Data Out 
Latches under the LEout control. If check bit errors need to be cor- 
rected, then the device must be operated in the Generate mode. 

CONTROL LOGIC 

The control logic determines the specific mode of operation, usu- 
ally from external control signals. However, the Internal Control 
mode allows these signals to be provided from the Diagnostic 
Latch. 


DETAILED PRODUCT DESCRIPTION 

The IDT39C60 EDC Unit contains the logic necessary to gener- 
ate check bits on a 16-bit data input according to a modified Ham- 
ming code. The EDC can compare internally generated check bits 
against those read with the 16-bit data to allow correction of any 
single bit data error and detection of all double and some triple bit 
errors. The IDT39C60 can be used for 16-bit data words (6 check 
bits), 32-bit data words (7 check bits) or 64-bit data words (8 check 
bits). 

CODE AND BYTE SELECTION 

The 3 code identification pins, ID 2 - 0 , are used to determine the 
data word size from 16, 32 or 64 bits and the byte position of each 
16-bit IDT39C60 EDC device. 

Code 16/22 refers to a 16-bit data field with 6 check bits. 

Code 32/39 refers to a 32-bit data field with 7 check bits. 

Code 64/72 refers to a 64-bit data field with 8 check bits. 

The ID 2-0 of 001 is used to place the device in the Internal Control 
mode as described later in this section. 

Table 1 defines all possible identification codes. 

CHECK AND SYNDROME BITS 

The I DT39C60 provides either check bits or syndrome bits on the 
three-state output pins SC 0 - 6 . Check bits are generated from a 
combination of the Data Input bits, while syndrome bits are an Ex- 
clusive-OR of the check bits generated from read data with the read 
check bits stored with the data. Syndrome bits can be decoded to 
determine the single bit in error or that a double error was detected. 
Some triple bit errors are also detected. The check bits are labeled: 

CX, CO, Cl, C2, C4 for the 8-bit configuration 

CX, CO, Cl, C2, C4, C8 forthe 16-bit configuration 

CX, CO, Cl, C2, C4, C8, C16 for the 32-bit configuration 

CX, CO, Cl, C2, C4, C8, C16, C32 for the 64-bit configuration 

Syndrome bits are similarly labeled SX through S32. 

CONTROL MODE SELECTION 

Tables 2 and 3 describe the 9 operating modes of the IDT39C60. 
The Diagnostic mode pins, D IAG MODEi_o, define 4 basic areas of 
operation, with GENERATE, CORRECT and PASSTHRU, further 
dividing operation into 8 functions with the I D 2-0 defining the ninth 
mode as the Internal mode. 

Generate mode is used to display the check bits on the outputs 
SC 0 - 6 . The Diagnostic Generate mode displays check bits as stored 
in the Diagnostic Latch. 

Detect m ode prov ides an indication of errors or multiple errors on 
the outputs ERROR and MULT ERROR. Single bit errors are not 
corrected in this mode. The syndrome bits are provided on the out- 
puts SC 0 - 6 . Forthe Diagnostic Detect mode, the syndrome bits are 
generated by comparing the internally generated check bits from 
the Data In Latch with check bits stored in the diagnostic latch rather 
than with the check bit latch contents. 

Correct mode is similar to the Detect mode except that single bit 
errors will be complemented (corrected) and made available as in- 
put to the Data Out Latch. Again, the Diagnostic Correct mode will 
correct single bit errors as determined by syndrome bits generated 
from the Data Input and contents of the Diagnostic Latch. 

The Initialize mode provides check bits for all zero bit data. Data 
In Latch is set and latched to a logic zero and made available as 
input to the Data Out Latch. 

The Internal mode disables the external control pins DIAG 
MODE 1 - 0 , CORRECT, PASSTHRU and CODE ID to be defined by 
the Diagnostic Latch. When in the internal mode, the diagnostic 
latch should have the CODE ID different from 001 as this would 
represent an invalid operation. 
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TABLE 1. 

HAMMING CODE AND SLICE IDENTIFICATION 


CODE 

ID 2 

CODE 

IDi 

CODE 

ID 0 

HAMMING CODE 

AND SLICE SELECTED 

0 

0 

0 

Code 16/22 

0 

0 

1 

Internal Control Mode 

0 

1 

0 

Code 32/39, Bytes 0 and 1 

0 

1 

1 

Code 32/39, Bytes 2 and 3 

1 

0 

0 

Code 64/72, Bytes 0 and 1 

1 

0 

1 

Code 64/72, Bytes 2 and 3 

1 

1 

0 

Code 64/72, Bytes 4 and 5 

1 

1 

1 

Code 64/72, Bytes 6 and 7 


TABLE 2. 

DIAGNOSTIC MODE CONTROL 


DIAG 

MODEi 

DIAG 

MODEo 

DIAGNOSTIC MODE SELECTED 

0 

0 

Non-diagnostic mode. The EDC functions 
normally in all modes. 

0 

1 

Diagnostic Generate. The contents of the 
Diagnostic Latch are substituted for the 
normally generated check bits when in the 
Generate mode. The EDC functions normally in 
the Detect or Correct modes. 

1 

0 

Diagnostic Detect/Correct In the Detect or 
Correct mode, the contents of the Diagnostic 
Latch are substituted for the check bits normally 
read from the Check Bit Input Latch. The EDC 
functions normally in the Generate mode. 

1 

1 

Initialize. The outputs of the Data Input Latch 
are forced to zeroes and the check bits gener- 
ated correspond to the all zero data. The latch is 
not reset, a functional difference from the 
Am2960. 


TABLE 3. 

1DT39C60 OPERATING MODES 


OPERATING 

MODE 

DM1 DMO 


CORRECT 

PASS- 

THRU 

DATA OUT LATCH 
(LEout = HIGH) 

SCo-6 

(OEsc = LOW) 


Generate 

0 0 

1 0 

0 

X 

0 

- 

Check Bits Generated from Data 

In Latch 

- 

Detect 

0 0 

0 1 

1 

0 

D 

Data In Latch 

Syndrome Bits Data In/Check 

Bit Latch 

Error Dep (1) 

Correct 

0 0 

0 1 

1 

1 

0 

Data In Latch with 
Single Bit Correction 

Syndrome Bits Data In/Check 

Bit Latch 

Error Dep 

PASSTHRU 

0 0 

0 1 

1 0 

X 

n 

1 

Data In Latch 

Check Bit Latch 

High 

Diagnostic Generate 

0 1 

0 

X 

0 

- 

Check Bits from Diagnostic Latch 

- 

Diagnostic Detect 

1 0 

1 

0 

0 

Data In Latch 

Syndrome Bits Data In/Diagnostic 
Latch 

Error Dep 

Diagnostic Correct 

1 0 

1 

1 

0 

Data In Latch with 
Single Bit Correction 

Syndrome Bits Data In/Diagnostic 
Latch 

Error Dep 

Initialization Mode 

1 1 

X 

X 

D 

Data In Latch 

Set to 0000 

Check Bits Generated from Data 

In Latch (0000) 

- 

Internal Mode 

ID 2-0 = 001 Control Signals ID 2 - 0 , DIAG MODEi-o, CORRECT and PASSTHRU 
are taken from the Diagnostic Latch 


NOTE: 


1 . E RRO R D EP (Error Dependent) : ERROR will be low for single or multiple errors, with MULT ERROR low for double or multiple errors. Both signals are high 
for no errors. 
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16-BIT DATA WORD CONFIGURATION 

Figure 1 indicates the 22-bit data format for two bytes of data and 
6 check bits. 


A single IDT39C60 EDC Unit, connected as shown in Figure 2, 
provides all logic needed for single bit error correction and double 
bit error detection of a 1 6-bit data field. The identification code 1 6/22 
indicated 6 check bits are required. The CBe pin is, therefore, a 
“Don’t Care" and ID2, IDi, IDo = 000. 


DATA CHECK BITS 


BYTE, 

BYTEq 

CX 

c° 

C1 

C2 

C4 

C8 | 


15 8 7 0 


USES MODIFIED HAMMING CODE 16/22 
16 DATA BITS WITH 6 CHECK BITS 


Figure 1. 16-Bit Data Format 




INPUT CHECK BITS 



FOR 16-BIT CONFIGURATION 



'N 

DON’T' 

UAi Aq-15 

_L_ 

CX 

CO Cl C2 C4 C8 CARE 



DATAq-,5 

GBq CB 1 CB2 CB3 CB4 

CBg CBe 


ERROR 




Mult 

error 

IDT39C60 EDC 

CODE ID 


SCq SC 1 

SO2 SC3 SC4 SC 5 

SC 6 



1 1 

1 


SX/CX t S1/C1 Y S4/C4 t HIGH 
^ SO/CO S2/C2 S8/C8 j 


SYNDROME/CHECK BIT OUTPUTS 


000 


Figure 2. 16-Bit Configuration 


Table 3 describes the operating modes available. The output pin 
SCe, is forced high for either syndrome or check bits since only 
6 check bits are used for the 16/22 code. 


Table 4 indicates the data bits participating in the check bit gen- 
eration. For example, check bit CO is the Exclusive-OR function or 
the 8 data input bits marked with an X. Check bits are generated and 
output in the Generate and Initialization mode. Check bits are 
passed as stored in the PASSTHRU or Diagnostic Generate mode. 


TABLE 4. 16-BIT MODIFIED HAMMING CODE -CHECK BIT ENCODE CHART (,) 


GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING DATA BITS 

n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IB 

a 

ia 

HI 

10 

m 

CX 

Even (XOR) 


n 

D 

D 


D 



D 

wa 


D 



D 


CO 

Even (XOR) 

D 

D 

D 


D 


D 


D 


5 






Cl 

Odd (XNOR) 

m 



D 

El 



X 


mm 

wa 



a 


B 

C2 

Odd (XNOR) 

D 

B 




wa 

wa 

wa 




B 

a 

B 



C4 

Even (XOR) 



n 

D 

D 

D 

wa 

a 







D 

m 

C8 

Even (XOR) 









B 

mm 

EM 

D 

D 

O 

D 

B 


NOTE: 

1. The check bit is generated as either an XOR or XNOR of the eight data bits noted by an “X" in the table. 


Syndrome bits are generated by an Exclusive-OR of the gener- 
ated check bits with the read check bits. For example, SX is the XO R 
of check bits CX from those read with those generated. Table 5 
indicates the decoding of the six syndrome bits to indicate the bit in 
error for a single bit error or whether a double or triple bit error was 
detected. The all zero case indicates no errors detected. 

In the Correct mode, the syndrome bits are used to complement 
(correct) single bit errors in the data bits. For double or multiple error 


detection, the data available as input to the Data Out Latch is not 
defined. 

Table 6 defines the bit definition for the Diagnostic Latch. As de- 
fined in Table 3, several modes will use the Diagnostic check bits 
to determine syndrome bits or to pass as check bits to the SC0-5 
outputs. The Internal mode substitutes the indicated bit position for 
the external control signals. 
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TABLE 5. 

SYNDROME DECODE TO BIT-IN-ERROR (,) 


SYNDROME 

BITS 

SX SO SI 

S8 

S4 

S2 

0 

0 

0 

i 

0 

0 

0 

i 

0 

i 

i 

0 

a 

H 

0 

1 

1 

1 

1 

1 

0 

0 

El 


* 

m 

m 

T 


T 

T 


0 

0 

1 


m 

T 

T 

m 

T 

O 

7 

D 

0 

1 

0 



T 

a 

n 

T 

o 

6 

m 

0 

1 

1 


T | 

m 

4 

n 

D 

T 

T 


1 

0 

0 



T 

T 

ra 

T 

ra 

a 

D 

1 

0 

1 


D 

11 

3 

T 


T 

T 


1 

1 

0 


T 

Laj 

2 

n 

1 

T 

T 


1 

1 

1 


B8 

a 

a 


T 



□j 


NOTE: 


1. * = No errors detected 

Number = Number of the single bit-in-error 
T = Two errors detected 
M = Three or more errors detected 


TABLE 6. 

DIAGNOSTIC LATCH LOADING -16-BIT FORMAT 


DATA BIT 

INTERNAL FUNCTION 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6, 7 

Don't Care 

8 

CODE ID 0 

9 

CODE ID, 

10 

CODE ID 2 

11 

DIAG MODE 0 

12 

DIAG MODE, 

13 

CORRECT 

14 

PASS THRU 

15 

Don’t Care 


Vcc ' 
OE DATA - 


r 


ERROR 


DATA CHECKS 


Jr 


°15-8 D 7-0 

C5E BYTE 1 
OE BYTE 2 


Jr f 


CBq-4 


IDT39C60 


MULT ERROR 


CBs.e 


SCo-4 


ERROR MULT ERROR SYNDROMES/ 
CHECK BITS 




Figure 3. 8-Bit Configuration 


8-215 








































IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


32-BIT DATA WORD CONFIGURATION 

Two IDT39C60 EDC Units, connected as shown in Figure 5, pro- 
vide all logic needed for single bit error correction and double bit 
error detection of a 32-bit data field. The Identification code 32/39 
indicates 7 check bits are required. Table 1 gives the ID 2 , IDt, IDo 
values needed for distinguishin g the by te 0/ 1 from byte 2/3 . Valid 
syndrome, check bits and the ERROR and MULT ERROR signal 
come from the byte 2/3 unit. Contr ol sig nals not indicated are con- 
nected to both units in parallel. The OEsc always enables the SCo-e 
outputs of byte 0/1, but must be used to select data check bits or 
syndrome bits fed back from the byte 2/3 for data correction modes. 

Data In bits 0 through 15 are connected to the same numbered 
inputs ofthe byte 0/1 EDC unit, while Data In bits 16 through 31 are 
connected to byte 2/3 Data Inputs 0 to 15, respectively. 

Figure 4 indicates the 39-bit data format of 4 bytes of data and 
7 check bits. Check bits are input to the byte 0/1 unit through a 
tri-state buffer unit such as the IDT74FCT244. Correction of single 
bit errors of the 32-bit configuration requires a feedback of syn- 
drome bits from byte 2/3 into the byte 1/0 unit. The MUX shown on 
the functional block diagram is used to select the CBo-e pins as the 
syndrome bits rather than internally generated syndrome bits. 

Table 3 describes the operating modes available for the 32/39 
configuration. 

Syndrome bits are generated by an Exclusive-OR of the gener- 
ated check bits with the read check bits. For example, SX is the XOR 
of check bits CX from those read with those generated. Table 7 indi- 
cates the decoding of the 7 syndrome bits to determine the bit in 
error for a single bit error or whether a double or triple bit error was 
detected. The all zero case indicates no errors detected. 

In the Correct mode, the syndrome bits are used to complement 
(correct) single bit errors in the data bits. For double or multiple error 
detection, the data available as input to the Data Out Latch is not 
defined. 

Performance data is provided in Table 8 in relating a single 
IDT39C60 EDC with the two cascaded units of Figure 5. As indi- 
cated, a summation of propagation delays is required from the cas- 
cading arrangement of EDC units. 

Table 9 defines the bit definition for the Diagnostic Latch. As 
defined in Table 3, several modes will use the Diagnostic check bits 
to determine syndrome bits or to pass as check bits to the SC 0-6 out- 
puts. The Internal mode substitutes the indicated bit position for the 
external control signals. 

Table 10 indicates the Data Bits participating in the check bit 
generation. For example, check bit CO is the Exclusive-OR function 
of the 1 6 data input bits marked with an X. Check bits are generated 
and output in the Generate and Initialization mode. Check bits are 
passed as stored in the PASSTHRU or Diagnostic Generate mode. 


TABLE 7. 

SYNDROME DECODE 
TO BIT-IN-ERROR FOR 32 BITS (1) 


SYNDROME 

BITS 

SX SO SI 

S2 

S16 

S8 

S4 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 


* 

C16 

C8 

T 

C4 

T 

T 

30 

0 

0 

0 

1 


C2 

T 

T 

27 

T 

5 

M 

T 

0 

0 

1 

0 


Cl 

T 

T 

25 

T 

3 

15 

T 

0 

0 

1 

1 


T 

M 

13 

T 

23 

T 

T 

M 

0 

1 

0 

0 


CO 

T 

T 

24 

T 

2 

M 

T 

0 

1 

0 

1 


T 

1 

12 

T 

22 

T 

T 

M 

0 

1 

1 

0 


T 

M 

10 

T 

20 

T 

T 

M 

0 

1 

1 

1 


16 

T 

T 

M 

T 

M 

M 

T 

1 

0 

0 

0 


CX 

T 

T 

M 

T 

M 

14 

T 

1 

0 

0 

1 


T 

M 

11 

T 

21 

T 

T 

M 

1 

0 

1 

0 


T 

M 

9 

T 

19 

T 

T 

31 

1 

0 

1 

1 


M 

T 

T 

29 

T 

7 

M 

T 

1 

1 

0 

0 


T 

M 

8 

T 

18 

T 

T 

M 

1 

1 

0 

1 


17 

T 

T 

28 

T 

6 

M 

T 

1 

1 

1 

0 


M 

T 

T 

26 

T 

4 

M 

T 

1 

1 

1 

1 


T 

0 

M 

T 

M 

T 

T 

M 


NOTE: 


1 . * = No errors detected 

Number = Number of the single bit-in-error 
T = Two errors detected 
M = Three or more errors detected 


TABLE 8. 

KEY AC CALCULATIONS 

FOR THE 32-BIT CONFIGURATION 


32-BIT 

PROPAGATION DELAY 

COMPONENT DELAY 

FROM IDT39C60 

AC SPECIFICATIONS 

FROM 

TO 

DATA 

Check Bits Out 

(DATA to SC) + (CB to SC, CODE ID 011) 

DATA 

Corrected 

DATA Out 

(DATA to SC) + (CB to SC, Code ID 011) + 
(CB to DATA, CODE ID 010) 

DATA 

Syndromes Out 

(DATA to SC) + (CB to SC, CODE ID 011) 

DATA 

ERROR for 

32 Bits 

(DATA to SC) + (CB to ERROR, CODE ID 
011) 

DATA 

IVIUL 1 tKHOH 
for 32 Bits 

(DATA to SC) + (CBtoMULI ERHUH, 
CODE ID 011) 


DATA CHECK BITS 


BYTE 3 

BYTE 2 

BYTE, 

BYTE 0 

1 CX 

CO 

Cl 

C2 

C4 

C8 

Cl 6 


31 24 23 1615 8 7 0 


USES MODIFIED HAMMING CODE 32/39 
32 DATA BITS WITH 7 CHECK BITS 

Figure 4. 32-Bit Data Format 
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DATA 16 -3i 



y SO/CO S2 / C2 S8/C8 j 

SYNDROME/CHECK BIT OUTPUTS 

Figure 5. 32-Bit Configuration 


TABLE 9. 

DIAGNOSTIC LATCH LOADING -32-BIT FORMAT 


DATA BIT 

INTERNAL FUNCTION 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 

Diagnostic Check Bit 16 

7 

Don’t Care 

8 

Slice 0/1 -CODE ID 0 

9 

Slice 0/1 -CODE ID, 

10 

Slice 0/1 -CODE ID 2 

11 

Slice 0/1 -DIAG MODE 0 

12 

Slice 0/1 -DIAG MODE, 

13 

Slice 0/1 -CORRECT 

14 

Slice 0/1 -PASSTHRU 

15 

Don't Care 

16-23 

Don't Care 

24 

Slice 2/3 -CODE ID 0 

25 

Slice 2/3 -CODE IDi 

26 

Slice 2/3-CODE ID 2 

27 

Slice 2/3 -DIAG MODE 0 

28 

Slice 2/3 -DIAG MODE, 

29 

Slice 2/3 -CORRECT 

30 

Slice 2/3- PASS THRU 

31 

Don’t Care 


TABLE 10. 32-BIT MODIFIED HAMMING CODE-CHECK BIT ENCODE CHART 


GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING DATA BITS 

D 

i 

2 

3 

4 

5 

u 

7 

8 

9 

ra 

□ 

Q 

ra 

ra 

ra 

CX 

Even (XOR) 

■ 




X 


■ 

B 

B 

B 


a 



B 


CO 

Even (XOR) 

mm 

mm 

B 


mm 


mm 


B 


B 


B 




Cl 

Odd (XNOR) 

mm 



mm 

mm 



B 


B 

B 



B 


ra 

C2 

Odd (XNOR) 

mm 

D 




mm 

X 

B 




B 

B 

B 



C4 

Even (XOR) 



D 

mm 

B 

Dl 

B 

B 







B 

B 

C8 

Even (XOR) 










B 

B 

B 

B 

B 

B 

B 

ra 

C16 

Even (XOR) 

mm 

mm 

D 

mm 

mm 

mm 

B 

B 










GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING*DATA BITS 

ra 

ra 

ra 

ra 


ra 

ra 

9 

ra 

ra 


ra 

ra 

ra 

mm 

ra 

CX 

Even (XOR) 


X 

ra 

ra 


ra 





X 


ra 

ra 


X 

CO 

Even (XOR) 

B 

B 

o 


B 


B 


B 


B 


ra 




Cl 

Odd (XNOR) 

B 



B 

B 



B 


B 

B 



B 


ra 

C2 

Odd (XNOR) 

B 

B 




B 

B 

B 




B 

B 

B 



C4 

Even (XOR) 



B 

B 

B 

B 

B 

B 







B 

B 

C8 

Even (XOR) 









B 

B 

B 

B 

B 

B 

B 

B 

C16 

Even (XOR) 









B 


B 

B 

B 

B 

B 

m 
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64-BIT DATA WORD CONFIGURATION 

The IDT39C60 EDC Units connected with the MSI gates, as 
shown in Figure 6, provide the logic needed for single bit error cor- 
rection and double bit error detection of a 64-bit data field. The Iden- 
tification code 64/72 is used, indicating 8 check bits are required. 
Check bits and Syndrome bits are generated external to the 
IDT39C60 EDC using Exclusive-OR gates. For error correction, the 
syndrome bits must be fed back to the CBo-6 inputs. Thus, external 
tri-state buffers are used to select between the check bits read in 
from m emory a nd the syndrome bits being fed back. 

The ERROR sign al is low for one or more errors detected. From 
any of the 4 devices, MULT ERROR is low for some double biterrors 
and for all three bit errors. Both are high otherwise. The DOUBLE 
ERROR signal is high only when a double bit error is detected. 

Figure 6 indicates the 72-bit data format of eight bytes of data and 
8 check bits. Check bits are input to the various units through a 
tri-state buffer such as the I DT74FCT244. Correction of single bit 
errors of the 64-bit configuration requires a feedback of syndrome 
bits as generated external to the IDT39C60 EDC. The MUX shown 
on the functional block diagram is used to select the CBo-e pins as 
the syndrome bits rather than internally generated syndrome bits. 

Table 3 describes the operating modes available for the 64/72 
configuration. 


Syndrome bits are generated by an Exclusive-OR of the gener- 
ated check bits with the read check bits. For example, SX is the XOR 
of check bits CX from those read with those generated. Table 11 
indicates the decoding of the 8 syndrome bits to determine the 
bit in error for a single bit error or whether a double or triple bit error 
was detected. The all zero case indicates no errors detected. 

In the Correct mode, the syndrome bits are used to complement 
(correct) single bit errors in the data bits. For double or multiple error 
detection, the data available as input to the Data Out Latch is not 
defined. 

Performance data is provided in Table 12 in relating a single 
IDT39C60EDC with the four units of Figure 7. Delay through the 
exclusive, or MSI, gates and the 3-state buffer must be included. 

Table 13 indicates the Data Bits participating in the check bit 
generation. For example, check bit CO is the Exclusive-OR function 
or the 32 data input bits marked with an X. Check bits are generated 
and output in the Generate and Initialization mode. In the 
PASSTHRU mode, the contents of the check bit latch are passed 
through the external Exclusive-OR gates and appear inverted at 
the outputs labeled CX to C32. 

Table 14 defines the bit definition for the Diagnostic Latch. As 
defined in Table 3, several modes will use the Diagnostic check bits 
to determine syndrome bits or to pass as check bits to the SCo-6 out- 
puts. The Internal mode substitutes the indicated bit position for the 
external control signals. 


DATA CHECK BITS 


BYTE 7 

BYTE 6 

BYTE 5 

BYTE 4 

BYTE 3 

BYTE 2 

BYTE, 

BYTEq 

CX 

C° 

Cl 

1 02 

C4 

C8 

C16 

C32 


63 56 55 4847 4039 3231 2423 1615 8 7 0 


USES MODIFIED HAMMING CODE 64/72 
64 DATA BITS WITH 8 CHECK BITS 

Figure 6. 64-Bit Data Format 


TABLE 11. SYNDROME DECODE TO BIT-IN-ERROR (1) 


SYNDROME 

BITS 

SX SO SI S2 

S32 

S16 

S8 

S4 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

i 

i 

0 

0 

0 

0 

1 

0 

i 

0 

1 

0 

0 

1 

1 

0 
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1 
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1 

1 

0 
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0 

1 

1 
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n 

H 
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1 

1 

1 
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0 
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— 

T 

mm 

mm 

T 

T 

El 

mm 

T 

mm 

T 

T 

EH 

0 

0 

1 

1 
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Tj 

fad 

BB 

T 

mm 

T 

T 

mm 

Bl 

T 

T 

7 

T 

MM 
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0 

1 

0 
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K-T'B 

TJ 

T 

in 

T 

mm 

MM 

T 

T 

BB 

mm 

T 

■SB 

T 

T 


0 

1 

0 
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T 
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mm 
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T 

mm 

BH 
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6 


■M 

mm 
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1 

1 
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T 
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T 
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T 

T 
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T 

T 

4 

T 
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Bl 
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1 

1 
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■a 

T 

T 

0 

T 

Bl 

mm 

T 

T 

HI 

il 

T 

bh 

T 

T 

mm 

1 

0 

0 

0 


1311 

T 

T 

HI 
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in 

T 

T 

■n 
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T 

14 

T 

T 

KM 
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NOTE: 


1. * = No errors detected, T = Two errors detected, Number = The number of the single bit-in-error, M = More than two errors detected. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



2. In Diagnostic Generate mode the contents of the Diagnostic Latch appear on the XOR outputs inverted. 

Figure 7. 64-Bit Configuration 


TABLE 12. KEY AC CALCULATIONS FOR THE 
64-BIT CONFIGURATION 


64-BIT 

PROPAGATION DELAY 

COMPONENT DELAY 

FROM IDT39C60 

AC SPECIFICATIONS 

FROM 

TO 

DATA 

Check Bits Out 

(DATA to SC) + (XOR Delay) 

DATA 

Corrected 

DATA Out 

(DATA to SC) + (XOR Delay) + (Buffer 
DELAY) + (CB to DATA, CODE ID Ixx) 

DATA 

Syndromes 

(DATA to SC) + (XOR Delay) 

DATA 

ERROR for 
64-Bits 

(DATA to SC) + (XOR Delay) + (NOR 
Delay) 

DATA 


(DATA to SC) + (XOR Delay) + (Buffer 
Delay) + (CB to MULT ERROR, CODE 

ID Ixx) 

MULT ERROR 
for 64-Bits 

DATA 

DOUBLE 

ERROR for 
64-Bits 

(DATA to SC) + (XOR Delay) + 

(XOR/NOR Delay) 






IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE 13. 64-BIT MODIFIED HAMMING CODE-CHECK BIT ENCODE CHART 


GENERATED 


PARTICIPATING DATA BITS 

CHECK BITS 

PARITY 

0 1 2 3 j 4 5 6 7 8 

9 

ODBDDOI 

CX 

Even (XOR) 


D 

mm 


mm 


CO 

Even (XOR) 

□DDIDBDH1 


m 

B 



Cl 

Odd (XNOR) 


B 

DM 


Mam 

m 

C2 

Odd (XNOR) 



BBBBH 

\ 

C4 

Even (XOR) 

si 




BBB 

C8 

Even (XOR) 


MM 

in— — m 

Cl 6 

Even (XOR) 

NP9DDDDDH 






C32 

Even (XOR) 

sbbbbbbbbb 







GENERATED 
CHECK BITS 

PARITY 

CX 

Even (XOR) 

CO 

Even (XOR) 

Cl 

Odd (XNOR) 

C2 

Odd (XNOR) 

C4 

Even (XOR) 

C8 

Even (XOR) 

Cl 6 

Even (XOR) 

C32 

Even (XOR) 


PARTICIPATING DATA BITS 


GENERATED 


1 PARTICIPATING DATA BITS i 

CHECK BITS 

PARITY 

\wm wmwm wm — — — mmwmwm wrwwmmmwrm ml 

CX 

Even (XOR) 

mm 


■DIDDI 

3SESSEB 

CO 

Even (XOR) 

iddd 

■□■DHD 


Cl 

Odd (XNOR) 



D 

BBBBBBB 

C2 

Odd (XNOR) 

IDD 


■■ddiw 


C4 

1 Even (XOR) 


MM 

BBBBBB 

■IBMHBHMSB 

C8 

Even (XOR) 




DDDDDDD 

C16 

Even (XOR) 


1 | | | | | | 

C32 

Even (XOR) 






GENERATED 


I PARTICIPATING DATA BITS 1 

CHECK BITS 

PARITY 

iCIOIliJiiOOiOOIliloSiililJllOl 

CX 

Even (XOR) 

BBBBBBBBB 

BBBBBBB 

CO 

Even (XOR) 

— — — iei 

ihbhbbbb 

Cl 

Odd (XNOR) 

— — — 

BBBBBBB 

C2 

Odd (XNOR) 

— BBBBBBBB 

BBBBBBB 

C4 

Even (XOR) 



C8 

Even (XOR) 


BBBBBBB 

C16 

Even (XOR) 


EIQDBBBE! 

C32 

Even (XOR) 

miiiKinili 

s i i i i i i 


NOTE: 

1. The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X” in the table. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE 14. 

DIAGNOSTIC LATCH LOADING -64-BIT FORMAT 


DATA BIT 

INTERNAL FUNCTION 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6,7 

Don't Care 

8 

Slice 0/1 -CODE ID 0 

9 

Slice 0/1 -CODE ID, 

10 

Slice 0/1 -CODE ID 2 

11 

Slice 0/1-DIAG MODE 0 

12 

Slice 0/1 -DIAG MODE, 

13 

Slice 0/1 -CORRECT 

14 

Slice 0/1 -PASSTHRU 

15 

Don’t Care 

16-23 

Don’t Care 

24 

Slice 2/3-CODE ID 0 

25 

Slice 2/3 -CODE ID, 

26 

Slice 2/3-CODE ID 2 

27 

Slice 2/3-DIAG MODE 0 

28 

Slice 2/3-DIAG MODEi 

29 

Slice 2/3-CORRECT 

30 

Slice 2/3- PASSTHRU 


DATA BIT 

INTERNAL FUNCTION 

31 

Don’t Care 

32-37 

Don’t Care 

38 

Diagnostic Check Bit 16 

39 

Don't Care 

40 

Slice 4/5- CODE ID 0 

41 

Slice 4/5 -CODE ID, 

42 

Slice 4/5 -CODE ID 2 

43 

Slice 4/5— DIAG MODE 0 

44 

Slice 4/5- DIAG MODEi 

45 

Slice 4/5- CORRECT 

46 

Slice 4/5 -PASSTHRU 

47 

Don’t Care 

48-54 

Don’t Care 

55 

Diagnostic Check Bit 32 

56 

Slice 6/7-CODE ID 0 

57 

Slice 6/7-CODE ID, 

58 

Slice 6/7-CODE ID 2 

59 

Slice 6/7— DIAG MODE 0 

60 

Slice 6/7- DIAG MODE, 

61 

Slice 6/7- CORRECT 

62 

Slice 6/7 -PASSTHRU 

63 

Don’t Care 


Some multiple errors will cause a data bit to be inverted. For 
example, in the 16-bit mode where bits 8 and 13 are in error, the 
syndrome 1 1 11000 (SC, SO, SI , S2, S4, S8) is produced. The bit- 
in-error decoder receives the syndrome 1 1 1 00 (SO, SI , S2, S4, S8) 
which it decodes as a single error in data bit 0 and inverts that bit. 
Figure 8 indicates a method for inhibition correction when a multi- 
ple error occurs. 


DATA CHECKS CORRECT 



Figure 8. Inhibition of Data Modification 






























































































IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL EQUATIONS 

The following equations and tables describe in detail how the 
output values of the IDT39C60 EDC are determined as a function of 

DEFINITIONS 

D| •»— DATA i if LEin is HIGH or the output of bit i of the Data Input Latch if LE| N is LOW 

C, 4 — CB, if LE, n is HIGH or the output of bit i of the Check Bit Latch if LE , N is LOW 

DU 4 - Output of bit i of the Diagnostic Latch 

Si 4- Internally generated syndromes (same as outputs of SC, if outputs enabled) 

PA 4 — Do® D, © D 2 © D 4 © D e © Dg © D, 0 © D, 3 

PB 4 — D 0 © D, © D 2 © D 3 © D 4 © D 5 © D a © D 7 

PC 4 — Dg© Dg© D,q© D(, © D|2© D, 3 © D -|4 

PD 4 — D 0 © D 3 © D 4 © D 7 © Dg© D( 0 © D 13 © D 15 

PE 4 — Do© D, © D 5 © Dg© D 7 © D,,© D, 2 © D, 3 

PF 4 — D 2 ©D 3 ©D 4 © D 5 © D 8 © D 14 © D 15 

PG, 4 — D, © D 4 © D 6 © D 7 

PG 2 4 — D, © D 2 © D 3 © D 5 

PG 3 4 — D 8 © D g © D, , © D 14 

PG 4 4— D 10 © D,2© D 13 © D 15 

Error Signals 

ERROR: 4- (5S"-"(ID 1 +“ID 2 )) .55.ST.53.52.ST-5S + GENERATE + INITIALIZE + PASSTHRU 
MULT ERROR: 

(16 and 32-Bit Modes) 4 - ((S6- ID, ) © S5 © S4 © S3 © S2 © SI © SO) (ERROR) + TOME + GENERATE + PASSTHRU + INITIALIZE 
MULT ERROR: (64-Bit Modes) 4 - TOME + GENERATE + PASSTHRU + INITIALIZE 


TABLE 15. TOME (Three or More Errors) 01 





so 

0 

1 

0 

1 

0 

1 

0 
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1 

0 

1 
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1 

0 
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<2)S6 
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0 

1 

1 
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1 

1 

1 

1 

0 
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0 
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S4 
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jljFW 
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0 
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0 
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0 

0 

0 

1 

1 

1 

1 

1 

0 

1 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 


1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 


0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: 

1. S6. S5, . . . SO are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE ID 2 , ID,, ID 0 ). In these modes, the syndromes are input over the 
check bit lines. S6 4 — C6, S5 4 — C5, . . . SI 4 — Cl , SO 4 — CO. 

2. The S6 internal syndrome is always forced to 0 in CODE ID 000. 

SC OUTPUTS 

Tables 16, 17, 18, 19, 20 show how outputs SC 0 6 are generated in each control mode for various CODE IDs (internal control mode not 
applicable). 


TABLE 16. GENERATE MODE (Check Bits) 


GENERATE 
MODE (CHECK BITS) 

CODE ID 2-0 

000 

010 

011 

100 

101 

110 

111 

SCg 4 — 


PG,® PG 3 

pg 2 © pg 4 
©CB 0 


, 

PG,® PG 4 

PG,© PG 4 

SC, 4- 

PA 

PA 

PA©CB, 

PA 

PA 

PA 

PA 

SC 2 4- 

PD 

PD 

PD © CB 2 

FD 

PD 

PD 

PD 

SC 3 4 — 

PE 

PE 

PE © CB 3 

PE 

PE 

PE 

PE 

SC 4 4 — 

PF 

PF 

PF © CB 4 

PF 

PF 

PF 

PF 

SC 5 4 — 

PC 

PC 

PC © CB 5 

PC 

PC 

PC 

PC 

SC 6 4 — 

1 

PB 

PC © CBe 

PB 

PB 

PB 

PB 


the value of the inputs and the internal states. Be sure to carefully 
read the following definitions of symbols before examining the 
tables. 
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1DT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE 17. DETECT AND CORRECT MODES (Syndromes) 


DETECT AND CORRECT 
MODES (SYNDROMES) 

CODE ID 2-0 

000 

010 

on(') 

100 

101 

110 

111 

SCg 4 

pg 2 ® pg 3 
© co 

PGi © PG 3 
© CO 

pg 2 © pg 4 

© CBg 

pg 2 © pg 3 

© CO 

pg 2 © pg 3 

PG, © PG 4 

PG, © PG 4 

SCi 4 — 

PA© Cl 

PA© Cl 

PA© CB, 

PA© Cl 

PA 

PA 

PA 

SC 2 

PD© C2 

PD © C2 . 


PD© C2 

PD 

PD 

PD 

SC 3 4 — 

PE © C3 

PE© C3 

PE © CB 3 

PE © C3 

PE 

PE 

PE 

SC 4 4 — 

PF© C4 

PF© C4 

PF © CB 4 

PF © C4 

PF 

PF 

PF 

SCs -t- 

PC© C5 

PC© C5 

PC© CB S 

PC© C5 

PC 

PC 

PC 

SCe 4 — 

1 

PB © C6 

PC© CBe 

PB 

PB 

PB© C6 

PB© C6 


NOTE: 

1. In CODE ID 2 -o Oil the Check Bit Latch is forced transparent; the Data Latch operates normally. 


TABLE 18. DIAGNOSTIC READ MODE 


DIAGNOSTIC 

READ MODE 

CODE ID2-0 

000 

010 

0110) 

100 

101 

110 

111 

SCg 4 — 

pg 2 © PG 3 
©DLg 

PG, © PG 3 
©DLg 

pg 2 © pg 4 

© CB g 

pg 2 © pg 3 

© DLg 

pg 2 © pg 3 

PGi© PG 4 

PGi© PG 4 

SCi * — 

PA© DLi 

PA© DLi 


PA© DLi 

PA 

PA 

PA 

SC2 4 — 

PD© DL 2 

PD© DL 2 

PD © CB 2 

PD© DL 2 

PD 

PD 

PD 

sc 3 4 — 

PE© DL 3 

PE© DL 3 


PE © DL 3 

PE 

PE 

PE 

sc 4 4 — 

pf©dl 4 

PF© DL 4 

PF © CB 4 

PF© DL 4 

PF 

PF 

PF 

SC5 4 — 

PC © dl 5 

PC © dl 5 

PC © CB S 

PC © DLg 

PC 

PC 

PC 

SCe 4 — 

1 

PB© DLe 

PC © CBs 

PB 

PB 

PB© DLe 

PB © DL7 


NOTE: 

1. In CODE ID 2 _ 0 Oil the Check Bit Latch is forced transparent; the Data Latch operates normally. 


TABLE 19. DIAGNOSTIC WRITE MODE 


DIAGNOSTIC 

WRITE MODE 

CODE ID 2-0 

000 

010 

01 lO) 

100 

101 

110 

111 

SCg 4 — 

DLg 

DLg 

CB g 

DLg 

1 

1 

1 

SCi «- 

DLi 

DL, 

CB 1 

DL, 

1 

1 

1 

SC 2 4 — 

dl 2 

. dl 2 

cb 2 

DL 2 

1 

1 

1 


dl 3 

dl 3 

cb 3 

dl 3 

1 

1 

1 

SC4 ^ — 

dl 4 

dl 4 

cb 4 

dl 4 

1 

1 

1 

SC 5 4 - 

dl 5 

DLg 

CB 5 

DLg 

1 

1 

1 

SCg 4 — 

1 

DLg 

CB g 

1 

1 

DLe 

dl 7 


NOTE: 

1. In CODE ID 2 _q Oil the Check Bit Latch is forced transparent; the Data Latch operates normally. 


TABLE 20. PASSTHRU MODE 


PASSTHRU 

MODE 

CODE ID2-0 

000 

010 

01 1 ^) 

100 

101 

110 

111 

SCg 4 — 

Co 

Co 

CB g 

c o 

1 

1 

1 

SCi ^ — 

Cl 

Cl 

O 

DO 

C, 

1 

1 

1 

sc 2 * — 

c 2 

C 2 

CB 2 

C 2 

1 

1 

1 

SC 3 4- 

C 3 

C 3 

CB 3 

C 3 

1 

1 

1 

SC4 -4 — 

C 4 

C 4 

CO 

0 

C 4 

1 

1 

1 

SCg 4— 

Cg 

Cg 

CB 5 

Cg 

1 

1 

1 

SCg 4 — 

1 

C 6 

CB g 

1 

1 

C 6 

C 6 


NOTE: 

1. In CODE ID 2 _ 0 011 the Check Bit Latch is forced transparent; the Data Latch operates normally. 
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TABLE 21. CODE ID 2 _ 0 = 000 m 


S5 

S4 

S2 SI S3 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

B 

B 

B 

i 

i 

i 

0 

0 

- 

- 

- 

5 

- 

D 

D 

- 

0 

1 

- 

1 

2 

6 

8 

Q 


- 

1 

0 

- 

- 

m 

7 

g 

Q 

ra 

- 

1 

1 

- 

0 

4 

- 

El 



- 


NOTE: 

1. Unlisted S combinations are no correction. 


TABLE 23. CODE ID 2 _o= Oil (1) 


S6 

S5 

S4 

S2 Si S3 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

H 

B 

H 

1 

1 

1 

1 

0 

0 

- 

- 

- 

5 

- 

a 

19 

- 

0 

1 

- 

1 

2 

6 

8 

m 


- 

1 

0 

- 

- 

3 

7 

9 

o 

O 

- 

1 

1 

- 

0 

4 

- 

El 

- 


- 


NOTE: 

1 . Unlisted S combinations are no correction. 


TABLE 22. CODEID 2 _ 0 = 010 (1) 


CB6 

CB5 

CB4 

CB2 CB1 CB3 

0 

1 

0 

0 

0 

1 

0 

1 

0 

i 

i 

0 

0 

i 

i 

i 

H 

i 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

0 

- 

D 

a 

- 

- 

- 

- 

ra 

0 

1 

8 

m 


- 

- 

1 

2 

ra 

1 

0 

9 

□ 

ra 

- 

- 

- 

ra 

ra 

1 

1 

10 



- 

- 

0 

4 

- 


NOTE: 

1. Unlisted CB combinations are no correction. 


TABLE 24. CODEID 2 _ 0 = 100 (1) 


CB0 

CB6 

CB5 

CB4 

CB2 CB1 CB3 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

H 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

ra 

0 

- 

ra 

ra 

- 

- 

- 

- 

ra 

ra 

1 

8 

ra 


- 

- 

1 

ra 

ra 

ra 

0 

9 

ra 

ra 

- 

- 

- 

3 

ra 

i 

1 

10 

- 

- 

- 

- 

0 

4 

- 


NOTE: 

1 . Unlisted CB combinations are no correction. 


TABLE 25. CODEID 2 _ 0 = 101 (1) 


CB0 

CB6 

CB5 

CB4 

CB2 CB1 CB3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

i 

I 

i 

i 

i 

i 

0 

i 

i 

i 

i 

i 

0 

0 

- 

- 

- 

5 

- 

EB 

ra 

n 

ra 

1 

- 

1 

B 

6 

8 

ra 



i 

0 

- 

- 

ra 

7 

9 

ra 

ra 

Hi 

i 

1 

- 

0 

4 

- 

ra 



ra 


NOTE: 

1. Unlisted CB combinations are no correction. 


TABLE 26. CODEID 2 _ 0 = 1 1 0 (1) 


CB0 

CB6 

CB5 

CB4 

CB2 CB1 CB3 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

i 

0 

i 

i 

0 

i 

0 

i 

i 

i 

0 

0 

- 

- 

- 

5 

- 

ra 

ra 

- 

0 

1 

- 

1 

2 

6 

8 

ra 


- 

1 

0 

- 

- 

3 

7 

9 

ra 

ra 

- 

1 

1 

- 

0 

4 

- 

ra 

- 

- 

- 


NOTE: 

1. Unlisted CB combinations are no correction. 


TABLE 27. CODE ID 2 _ 0 = 111 (1> 


CB0 

CB6 

CB5 

CB4 

CB2 CB1 CB3 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

- 

11 

14 

- 

- 

- 

- 

5 

0 

1 

8 

12 

- 

- 

- 

1 

2 

6 

1 

0 

9 

13 

15 

- 

- 

- 

3 

7 

1 

1 

10 

- 

- 

- 

- 

0 

4 

- 


NOTE: 

1 . Unlisted CB combinations are no correction. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

IJillJul 

v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

taut 

DC Output Current 

30 

30 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATI N GS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.om Hz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

TYP. 

UNIT 

C IKI 

Input Capacitance 

< 

z 

II 

o 

< 

5 

PF 

Oqut 

Output Capacitance 

V 0U T= ov [ 

7 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T a = 0°C to +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55° C to + 125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
Vhc= V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1 * 

MIN. 

TYP.* 2 * 

MAX. 

UNIT 

R/"1H 

Input HIGH Level 

Guaranteed Logic High Level * 4 * 

2.0 

- 

- 

V 

mam 

Input LOW Level 

Guaranteed Logic Low Level < 4 > 

- 

- 

0.8 

V 

■ih 

Input HIGH Current 

Vcc = Max.,V IN = Vcc 

- 

0.1 

5 

PA 

l|L 

Input LOW Current 

Vqq = M&x.,V|n = GND 

- 

-0.1 

-5 

pA 

VOH 

Output HIGH Voltage 

V cc = Min. 

Mn = V| H or V| L 

Iq^ — -300pA 

K9 

Vcc 

- 

V 

l 0H = -12mA MIL. 

mm 

4.3 

- 

Iqh = -15mACOM’L. 

El 

■a 

- 

fl 

Output LOW Voltage 

V cc = Min. 

Mn = V| H or V| L 

Iql ~ 300pA 

- 

GND 

V LC 

n 

l 0L = 20mA MIL. 

- 

0.3 

0.5 

I 0L = 24mA COM’L. 

- 

0.3 

0.5 

•oz 

Off State (High Impedance) 
Output Current 

Vcc = Max. 

o< 

n 

o 

< 

- 

-0.1 

-10 

PA 

Vo = v cc (max.) 

- 

0.1 

10 

*os 

Output Short Circuit Current 

V cc = Min., V 0UT = 0V< 3 > 

-30 

- 

- 

mA 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 

T a = 0°Cto +70°C Vcc = 5.0V ± 5% (Commercial) 

T a = -55° C to +125°C Vcc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V HC = V cc “ 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2> 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 
(CMOS Inputs) 

Vqq = Max. 

V HC S V|N' V| N < V LC 
fop = 0 

■ 


5.0 

mA 

bcT 

Quiescent Input Power Supply < 5 ) 
Current (per Input @ TTL High) 

Vcc = Max. V 1N = 3.4V, fcp = 0 

- 



mA/Input 

a 

Dynamic Power Supply Current 

Vcc — Max. 

Vhc s v IN , V 1N < V LC 

Outputs Open. OE = L 

MIL. 

- 

5.0 

8.5 

mA/MHz 

COM'L. 

- 

5.0 

7.0 

1 

Total Power Supply Current (6) 

Vcc = Max.,f 0P = 10MHz 

Outputs Open, OE = L 

50% Duty Cycle 

Vhc 5 V| N , V IN < V LC 

MIL. 

- 

53 

90 

mA 

COM’L. 

- 

53 

75 

Vcc — Max., fcp — 10MHz 

Outputs Open, OE = L 

50% Duty Cycle 

V, N = 3.4V, V, N = 0.4V 

MIL. 

- 

60 

100 

COM’L. 

- 

60 

85 


NOTES: 


5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Icco. then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 


■cc ~ bco + Icct (Nj x D h ) + Iccd (bp) 

D h = Data duty cycle TTL high period (y N = 3.4V) 
N T = Number of dynamic inputs driven at TTL levels 
f 0P = Operating frequency 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test 
environment. Large output currents are being switched in very short 
periods and proper testing demands that test set-ups have mini- 
mized inductance and guaranteed zero voltage grounds. The tech- 
niques listed below will assist the user in obtaining accurate testing 
results: 

1) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may oscillate, causing improper 
device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply lines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device testing. 
The use of multi-layer performance boards with radial decoup- 
ling between power and ground planes is necessary. The ground 
plane must be sustained from the performance board to the DUT 
interface board and wiring unused interconnect pins to the 
ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) To guarantee data sheet compliance, the input thresholds should 
be tested per input pin in a static environment. To allow fortesting 
and hardware-induced noise, IDT recommends using V| L < 0V 
and Vih > 3V for AC tests. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60 INPUT/OUTPUT 
INTERFACE CIRCUITRY 



Figure 10. Input Structure (All Inputs) 


V C c 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 12 


TEST LOAD CIRCUITS 


Vcc 


Pulse 

Generator 


V|N 


Rt 


D.U.T. 


VoUT 



0-« +7.0V 


50pF 
- C, > 5000 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 


C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to 2 out of the 
Pulse Generator 





IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60A AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
I DT39C60A over the commercial operating range of 0 0 C to + 70 ° C , 
with V cc from 4.75V to 5.25V. All data are in nanoseconds, with 
inputs switching between 0V and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SC 0-6 

DATA 0-1 5 

ERROR 

MULT ERROR 

DATA0-15 

20 

30 

20 

23 

CBo -6 

(CODE ID 2 -o 

000, 011) 

14 

25 

20 

23 

CB 0 _g 

(CODE ID2-0 010, 
100, 101, 110, 111) 

14 

18 

20 

23 


15 

25 

14 

17 

CORRECT 
(Not Internal 

Control Mode) 

■ 

20 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

22 

25 

18 

21 

PASSTHRU 
(Not Internal 

Control Mode) 

22 

25 

18 

21 

CODE ID 2-0 

23 

28 

25 

28 

LE in 

(From latched 
to transparent) 

22 

320) 

22 

25 

LEout 

(From latched 
to transparent) 

■ 

13 

- 

- 

LEqiag 

(From latched to 
transparent: Not 
Internal Control 
Mode) 

22 

32 

22 

25 

Internal Control 
Mode: LEqiag 
(From latched 
to transparent) 

28 

38 

28 

31 

Internal Control 
Mode: DATA 0 . 1S 
(Via Diagnostic 
Latch) 

28 

38 

28 

31 


NOTE: 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-15 

LEin 

5 

3 

CBo-6 

■ LEin 

5 

3 

DATA 0-15 

LEout 

24 

2 

CBo-6 

(CODE ID 000 , 011 ) 

LEout 

21 

0 

CBo-e 

(CODE ID 010 , 100 , 
101, 110, 111)) 

LEout 

21 

0 


LEout 

26 

0 

CORRECT 

LEout 

22 

0 

DIAG MODE 

LEout 

22 

0 

PASSTHRU 

LEout 

22 

0 

CODE ID 2 -o 

LE 0 ut 

25 

0 

le, n 

LE 0 ut 

28 

0 

DATA 0-1 5 

LEdiag 

5 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

©E BYTE 0 , 
UE BYTE, 

DATA 0-1 5 

24 

21 


SC0-6 

24 

21 


MINIMUM PULSE WIDTHS 


LEin , LEqut. LEdiag 


12 


1. DATA| N (or LE| N ) to Correct DATA 0Lrr measurement requires timing as 
shown in Figure 13 below. 



Figure 13. 































































































































IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60A AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT39C60A over the military operating range of -55°C to + 125°C, 
with v cc from 4.5V to 5.5V. All data are in nanoseconds, with 
inputs switching between OV and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

sc 0 . 6 

data 0 _ 15 

ERROR 

MULT ERROR 

DATAo-i5 

22 

35 

24 

27 

CBo-6 

(CODE ID 2 -o 

000, 011) 

17 

28 

24 

27 

CBg_g 

(CODE ID 2-0 010, 
100, 101, 110, 111) 

17 

20 

24 

27 


20 

28 

18 

21 

CORRECT 
(Not Internal 

Control Mode) 

■ 

25 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

25 

28 

21 

24 

PASSTHRU 
(Not Internal 

Control Mode) 

25 

28 

21 

24 

CODE ID 2 _o 

26 

31 

28 

31 

LE, n 

(From latched 
to transparent) 

24 

370) 

26 

29 

LEout 

(From latched 
to transparent) 

■ 

16 

- 

- 

LEdiag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

24 

37 

26 

29 

Internal Control 
Mode: LEdiag 
(From latched 
to transparent) 

30 

43 

32 

35 

Internal Control 
Mode: DATA 0 _ 15 
(Via Diagnostic 
Latch) 

30 

43 

32 

35 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-15 

LEin 

5 

3 

CBo-e 

LEin 

5 

3 

DATA 0-15 

LEout 

27 

2 

CBo-e 

(CODE ID 000, 011) 

LEout 

24 

0 

CBo -6 

(CODE ID 010, 100, 
101 , 110 , 111 )) 

LEout 

24 

0 


LEout 

29 

0 

CORRECT 

LEout 

25 

0 

DIAG MODE 

LEout 

25 

0 

PASSTHRU 

LEout 

25 

0 

CODE ID 2 -o 

LE 0 ut 

28 

0 

LE,n 

LEout 

30 

0 

DATA 0-15 

LEdiag 

5 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

5E BYTE 0 , 
CE BYTE, 

DATAq-,5 

28 

25 

mmm 

SC 0-6 

28 

25 


MINIMUM PULSE WIDTHS 


LE|N , LEoUT. i-E DIAG 


12 


NOTE: 


1 . 


DATA, n (or LE| N ) to Correct DATA out 
shown in Figure 14 below. 


measurement requires timing as 


VALID 

INPUT DATA 

DATA in TO 
CORRECT DATAout 

DA I A .OrJ5.0 

i TOX~ 



1 DATA TO LE , N 


-y SET-UP TIME 


CORRECT DATA 
OUTPUT 

i — 


OEBYTEq&i 



DATA TO LE in 
HOLD TIME 


Figure 14. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60-1 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
IDT39C60-1 over the commercial operating range of 0°C to +70°C, 
with V cc from 4.75V to 5.25V. All data are in nanoseconds, with 
inputs switching between OV and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SCo-6 

DATA o-i s 

ERROR 

MULT ERROR 

DATAq-15 

28 

52 

25 

50 

CBo -6 

(CODE ID 2 -o 

000 , 011 ) 

23 

50 

23 

47 

CB 0 _ 6 

(CODE ID 2 -o 010 . 
100 , 101 , 110 , 111 ) 

28 

34 

29 

34 

■c MW: 

35 

63 

36 

55 

CORRECT 
(Not Internal 

Control Mode) 

■ 

45 

- 

- 

DlAG MODE 
(Not Internal 

Control Mode) 

50 

78 

59 

75 

PASSTHRU 
(Not Internal 

Control Mode) 

36 

44 

29 

46 

CODE ID 2 -o 

61 

90 

60 

80 

LE,n 

(From latched 
to transparent) 

39 

720) 

39 

59 

LEout 

(From latched 
to transparent) 

■ 

31 

- 

- 

LEqiag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

45 

78 

45 

65 

Internal Control 
Mode: LE diag 
(From latched 
to transparent) 

67 

96 

66 

86 

Internal Control 
Mode: DATA 0 _ 15 
(Via Diagnostic 
Latch) 

67 

96 

66 

86 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-15 

LE, n 

6 


CBo -6 

LEin 

5 


DATA 0-15 

LEout 

34 


CBo -6 

(CODE ID 000, 011) 

LEout 

35 

0 

CBo -6 

(CODE ID 010, 100. 
101 , 110 , 111 )) 

LEout 

27 

0 


LEout 

42 

0 

CORRECT 

LEout 

26 

1 

DIAG MODE 

LEout 

69 


PASSTHRU 

LEout 

26 

0 

CODE ID 2 - 0 

LE 0 ut 

81 

0 

LE in 

LEout 

51 


DATA 0-15 

LEqiag 

6 

8 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

OE BYTEq, 
UE BYTE, 

DATAo-15 

30 

30 

OEsc 

SCo -6 

30 

30 


MINIMUM PULSE WIDTHS 


LEin ■ LEout. LEdiag 


15 


NOTE: 

1. DATAim (or LE| N ) to Correct DATA out measurement requires timing as 
shown in Figure 15 below. 



Figure 15. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60-1 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT39C60-1 over the military operating range of-55°Cto + 125°C, 
with V cc from 4.5V to 5.5V. All data are in nanoseconds, with 
inputs switching between OV and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SCo -6 

DATA o-is 

ERROR 

MULT ERROR 

DATA 0-15 

31 

59 

28 

56 

CBg-e 

(CODE ID 2 -o 

000 , 011 ) 

25 

55 

25 

50 

CB 0 _g 

(CODE ID 2 - 0 010 , 
100 , 101 , 110 , 111 ) 

30 

38 

31 

37 


38 

69 

41 

62 

CORRECT 
(Not Internal 

Control Mode) 

■ 

49 

- 

- 

D1AG MODE 
(Not Internal 

Control Mode) 

58 

89 

65 

90 

PASSTHRU 
(Not Internal 

Control Mode) 

39 

51 

34 

54 

CODE ID 2 -. 0 

69 

100 

68 

90 

le, n 

(From latched 
to transparent) 

39 

82(0 

43 

66 

LEout 

(From latched 
to transparent) 

■ 

33 

- 

- 

le diag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

50 

88 

49 

72 

Internal Control 
Mode: LE diag 
(From latched 
to transparent) 

75 

106 

74 

96 

Internal Control 
Mode: DATA 0 _ 15 
(Via Diagnostic 
Latch) 

75 

106 

74 

96 


NOTE: 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-15 

LEin 

7 

7 

CBo -6 

LEin 

5 

7 

DATA o-i 5 

LEout 

39 

5 

CBo -6 

(CODE ID 000, 011) 

LEout 

38 

0 

CBo-e 

(CODE ID 010, 100, 
101 , 110 , 111 )) 

LEout 

30 

0 

GENERATE 

LEout 

46 

0 

CORRECT 

LEqut 

28 

1 

DIAG MODE 

LEout 

84 

0 

PASSTHRU 

LEout 

30 

0 

CODE ID 2 -o 

LE 0 ut 

89 

0 

LE,n 

LEout 

59 

5 

DATAo -15 

LEdiag 

7 

9 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

OE BYTE 0 , 

OE BYTE, 

DATAo-15 

35 

35 

OEsc 

SCo -6 

35 

35 


MINIMUM PULSE WIDTHS 


LEin , LEout, LEdiag 


15 


1. DATAim (or LE, n ) to Correct DATA out measurement requires timing as 
shown in Figure 16 below. . 


VALID 

INPUT DATA 

DATA in TO 

CORRECT DATAout 

CORRECT DATA 
OUTPUT 


C MX ) 

( 

LEin 

"" V 

1 DATA TO LE , N 

SET-UPTIME 



1 DATA TO LE| N 

HOLD TIME 

OE BYTE o & i ' 


Figure 16. 

































































































































IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
IDT39C60 over the commercial operating range of 0°C to + 70°C, 
with Vcc from 4.75V to 5.25V. All data are in nanoseconds, with 
inputs switching between OV and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

sc 0 _ 6 

DATA 5 

ERROR 

MULT ERROR 

DATAq-15 

32 

650) 

32 

50 

CBo-e 

(CODE ID 2 0 

000, 011) 

28 

56 

29 

47 

CBq-6 

(CODE ID 2 - 0 010, 
100, 101. 110, 111) 

28 

45 

29 

34 


35 

63 

36 

55 

CORRECT 
(Not Internal 

Control Mode) 

D 

45 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

50 

78 

59 

75 

PASSTHRU 
(Not Interna! 

Control Mode) 

36 

44 

29 

46 

CODE ID 2 - 0 

61 

90 

60 

80 

LE,n 

(From latched 
to transparent) 

39 

720) 

39 

59 

LEout 

(From latched 
to transparent) 

■ 

31 

- 

- 

LEqiAG 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

45 

78 

45 

65 

Internal Control 
Mode: LE diag 
(From latched 
to transparent) 

67 

96 

66 

86 

Internal Control 
Mode; DATA 0 _ 1S 
(Via Diagnostic 
Latch) 

67 

96 

66 

86 


NOTE: 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA o-i 5 

LE, n 

6 

7 

CBo -6 

LEin 

5 

6 

DATAq-15 

LEout 

44 

5 

CBo -6 

(CODE ID 000, 011) 

LE out 

35 

0 

CBo-e 

(CODE ID 010,100. 
101, 110, 111)) 

LEout 

27 

0 


LEout 

42 

0 

CORRECT 

LEout 

26 

1 

DIAG MODE 

LEout 

69 

0 

PASSTHRU 

LEout 

26 

0 

CODE ID 2 -o 

LEout 

81 

0 

le in 

LEout 

51 

5 

DATA 0-15 

LEqiag 

6 

8 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

OE BYTEq, 

OE BYTE, 

DATAq-15 

30 

30 

OEsc 

SCo-e 

30 

30 


MINIMUM PULSE WIDTHS 


LEin , LEqut. LEdiag 


15 


1. DATA, n (or LE, n ) to Correct DATA out measurement requires timing as 
shown in Figure 17 below. 



Figure 17. 
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IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT39C60 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT39C60 over the military operating range of -55°C to + 125°C, 
with V cc from 4.5V to 5.5V. All data are in nanoseconds, with 
inputs switching between OV and 3V at IV per nanosecond and 
measurements made at 1.5V. All outputs have maximum DC load. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

sc 0 . 6 

data 0 . 15 

ERROR 

MULT ERROR 

DATA 0-15 

35 

73<'> 

36 

56 

CBo -6 

(CODE ID 2 _ 0 

000 , 01 1 ) 

30 

61 

31 

50 

CBg_g 

(CODE ID 2-0 010, 
100 , 101 , 110 , 111 ) 

30 

50 

31 

37 

GENERATE 

38 

69 

41 

62 

CORRECT 
(Not Internal 

Control Mode) 

■ 

49 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

58 

89 

65 

90 

PASSTHRU 
(Not Internal 

Control Mode) 

39 

51 

34 

54 

CODE ID 2 -o 

69 

100 

68 

90 

LEin 

(From latched 
to transparent) 

44 

820) 

43 

66 

EEout 

(From latched 
to transparent) 

■ 

33 

- 

- 

EE diag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

50 

88 

49 

72 

Internal Control 
Mode: LE diag 
(From latched 
to transparent) 

75 

106 

74 

96 

Internal Control 
Mode: DATA 0 _ 15 
(Via Diagnostic 
Latch) 

75 

106 

74 

96 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-15 

LE, n 

7 

7 

CBo -6 

LEin 

5 

7 

DATA 0-1 5 

I-Eout 

50 

5 

CBo -6 

(CODE ID 000, 011) 

EE out 

38 

0 

CBo -6 

(CODE ID 010, 100, 
101 , 110 , 111 )) 

EEout 

30 

0 

GENERATE 

EE out 

46 

0 

CORRECT 

EEout 

28 

1 

DIAG MODE 

LEout 

84 

0 

PASSTHRU 

EEout 

30 

0 

CODE ID 2-0 

EEout 

89 

0 

le, n 

EEout 

59 

5 

DATA 0-1 5 

EE diag 

7 

9 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

OE BYTE 0 , 

OE BYTE, 

DATA0-15 

35 

35 

OEsc 

SC 0-6 

35 

35 


MINIMUM PULSE WIDTHS 


LE|n , LEqut. LE D | A q 


15 


NOTE: 

1. DATA 1N (or LE (n ) to Correct DATA out measurement requires timing as 
shown in Figure 18 below. 



Figure 18. 































































































































IDT39C60/-1/A 16-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 

jDT XXXXX X 

Device Type Package 


X 

Process/ 

Temperature 

Range 

j I Blank 


B 


P 

XC 

c 

J 

L 


39C60 

39C60-1 

39C60A 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 

Sidebraze Shrink-DIP 
Sidebraze DIP 
Plastic Leaded Chip Carrier 
Leadless Chip Carrier 

16-Bit EDC Unit 
Fast 16-Bit EDC Unit 
Ultra-fast 16- Bit EDC Unit 
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IDT49C460 

IDT49C460A 

IDT49C460B 



32-BIT CMOS 
ERROR DETECTION 
AND CORRECTION UNIT 


FEATURES: 


DESCRIPTION: 


• Fast 



Detect 

Correct 

- IDT49C460B 

25ns (max,) 

30ns (max.) 

- IDT49C460A 

30ns (max.) 

36ns (max.) 

- IDT49C460 

40ns (max.) 

49ns (max.) 


• Low-power CMOS 

— Commercial: 95mA (max.) 
— Military: 125mA (max.) 


• Improves system memory reliability 

— Corrects all single bit errors, detects all double and some 
triple-bit errors 

• Cascadable 

— Data words up to 64-bits 

• Built-in diagnostics 

— Capable of verifying proper EDC operation via software 
control 

• Simplified byte operations 

— Fast byte writes possible with separate byte enables 

• Functional replacement for 32- and 64-bit configurations of the 
2960 

• Available in PGA, Sidebraze Shrink-DIP, LCC and PLCC 

• Military product compliant to MIL-STD-883, Class B 


The IDT49C460S are high-speed, low-power, 32-bit Error De- 
tection and Correction Units which generate check bits on a 32-bit 
data field according to a modified Hamming Code and correct the 
data word when check bits are supplied. The IDT49C460S are per- 
formance-enhanced functional replacements for 32-bit versions of 
the 2960. .When performing a read operation from memory, the 
IDT49C460S will correct 100% of all single bit errors and will detect 
all double bit errors and some triple bit errors. 

The IDT49C460S are easily cascadable to 64-bits. Thirty-two-bit 
systems use 7 check bits and 64-bit systems use 8 check bits. For 
both configurations, the error syndrome is made available. 

The IDT49C460S incorporate two built-in diagnostic modes. 
Both simplify testing by allowing for diagnostic data to be entered 
into the device and to execute system diagnostic functions. 

They are fabricated using CEMOS™, a CMOS technology de- 
signed for high-performance and high-reliability. The devices are 
packaged in a 68-pin PGA, sidebraze Shrink-DIP (600 mil, 70 mil 
centers), LCC (25 mil and 50 mil centers) and PLCC. 

Military grade product is manufactured in compliance with the 
latest revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



FUNCTIONAL BLOCK DIAGRAM 



CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc. . 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


CODE, 


LEin 


d £ 

Die 

Dn 

Du 

Du 

Du 

JDjt 

OEi 

CB, 

CB £ 

CB, 

CB 4 

CB, 

cb: 


1 

68 

2 

67 

3 

66 

4 

65 

5 

64 

6 

63 

7 

62 

8 

61 

9 

60 

10 

59 

11 

58 

12 

57 

13 

56 

14 

55 

15 

54 

16 

53 

1 Z C68-1 

52 

18 

51 

19 

50 

20 

49 

21 

48 

22 

47 

23 

46 

24 

45 

25 

44 

26 

43 

27 

42 

28 

41 

29 

40 

30 

39 

31 

38 

32 

37 

33 

36 

34 

35 


D31 
D30 
D29 

B D28 

D 2 7 
D 26 


U 20 
D 19 

D 18 

D 17 
^CC 


o 

LU 111 

n q 
00 



eft" of cif a? d5° oP c5" afc^cj w i— 

oooooooowmwwwwwwIo 

PLCC/LCC 
TOP VIEW 


p SCo 



OEsc 

SC 7 

sc 6 

sc 5 

SC 4 

sc 3 

sc 2 

sc 

sc’ 

CB 0 

CB, 

cb 2 

cb 3 

cb 4 

cb 5 

cb 6 


PGA 

TOP VIEW 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


PIN DESCRIPTIONS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN NAME 

IS 

DESCRIPTION 

DATA 0-31 

I/O 

32 bidirectional data lines. They provide input to the Data Input Latch and Diagnostic Latch and also receive output from the 
Data Output Latch. DATA 0 is the LSB; DATA 31 is the MSB. 

CBo-7 

1 

Eight check bit input lines. Used to input check bits for error detection and also used to input syndrome bits for error correc- 
tion in 64-bit applications. 

LE 1n 

■ 

Latch Enable is for the Data Input Latch. Controls latching of the input data. Data Input Latch and Check Bit Input Latch are 
latched to their previous state when LOW. When HIGH, the Data Input Latch and Check Bit Input Latch follow the input data 
and input check bits. 

LEout/ 

■■ 

A multifunction pin which, when LOW, is in the Check Bit Generate Mode. In this mode, the device generates the check bits or 



DIAG MODE 0 


CODE ID n , 



partial check bits specific to the data in the Data Input Latch. The generated check bits are placed on the SC outputs. Also, 
when LOW, the Data Out Latch is latched to its previous state. 

When HIGH, the device is in the Detect or Correct Mode. In this mode, the device detects single and multiple errors, and 
generates syndrome bits based upon the contents of the Data Input Latch and Check Bit Input Latch. In the Correct Mode, 
single bit errors are also automatically corrected and the corrected data is placed at the inputs of the Data Output Latch. The 
syndrome result is placed on the SC outputs and indicates in a coded form the number of errors and the specific bit-in-error. 
When HIGH, the Data Output Latch follows the output of the Data Input Latch as modified by the correction logic network. In 
Correct Mode, single bit errors are corrected by the network before being loaded into the Data Output Latch. In Detect Mode, 
the contents of the Data Input Latch are passed through the correction network unchanged into the Data Output Latch. The 
Data Output Latch is disabled, with its contents unchanged, if the EDO is in the Generate Mode. 


Syndrome Check Bit outputs. Eight outputs which hold the check bits and partial check bits when the EDO is in the Generate 
Mode and will hold the syndrome/partial syndrome bits when the device is in the Detect or Correct modes. All are 3-state 
outputs. 


Output Enable -Syndrome Check Bits. In the HIGH condition, the SC outputs are in the high impedance state. When LOW, 
all SC output lines are enabled. 


In the Detector Correct Mode, this output will go LOW if one or more data or check bits contain an error. When HIGH, no errors 
have been detected. This pin is forced HIGH in the Generate Mode. 


In the Detect or Correct Mode, this output will go LOW if two or more bit errors have been detected. A HIGH level indicates that 
either one or no errors have been detected. This pin is forced HIGH in the Generate Mode. 


The correct input which, when HIGH, allows the correction network to correct any single-bit error in the Data Input Latch (by 
complementing the bit-in-error) before putting it into the Data Output Latch. When LOW, the device will drive data directly 
from the Data Input Latch to the Data Output Latch without correction. 


Output Enable - Bytes 0, 1 , 2, 3. Data Output Latch. Control the three-state output buffers for each of the four bytes of the Data 
Output Latch. When LOW, they enable the output buffer of the Data Output Latch. When HIGH, they force the Data Output 
Latch buffer into the high impedance mode. One byte of the Data Output Latch is easily activated by separately selecting the 
four enable lines. 


Select the proper diagnostic mode. They control the initialization, diagnostic and normal operation of the EDO. 


These two code identification inputs identify the size of the total data word to be processed. The two allowable data word sizes 
are 32 and 64 bits and their respective modified Hamming Codes are designated 32/39 and 64/72. Special CODE ID input 
01 is also used to instruct the EDO that the signals CODE ID 0 , , DIAG MODE 0 , and CORRECT are to be taken from the 
Diagnostic Latch rather than from the input control lines. 


This is the Latch Enable for the Diagnostic Latch. When HIGH, the Diagnostic Latch follows the 32-bit data on the input lines. 
When LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch holds diagnostic 
check bits and internal control signals for CODE ID 0 1 , DIAG MODE 0 t and CORRECT. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


EDC ARCHITECTURE SUMMARY 

The IDT49C460s are high-performance cascadable EDCs 
used for check bit generation, error detection, error correction and 
diagnostics. The function blocks for this 32-bit device consist of 
the following: 

• Data Input Latch 

• Check Bit Input Latch 

• Check Bit Generation Logic 

• Syndrome Generation Logic 

• Error Detection Logic 

• Error Correction Logic 

• Data Output Latch 

• Diagnostic Latch 

• Control Logic 

DATA INPUT/OUTPUT LATCH: 

The Latch Enable Input, LE, Nl controls the loading of 32 bits of 
data to the Data In Latch. The 32 bits of data from the DATA lines 
can be loaded in the Diagnostic Latch under control of the Diag- 
nostic Latch Enable, LE D , AG , giving check bit information in one 
byte and control information in the other byte. The Diagnostic 
Latch is used in the Internal Control Mode or in one of the diagnos- 
tic modes. The Data Output Latch has buffers that place data on 
the DATA lines. These buffers are split into four 8-bit buffers, each 
having their own output enable controls. This feature facilitates 
byte read and byte modify operations. 

CHECK BIT INPUT LATCH: 

Eight check bits are loaded under control of LE !N . Check bits 
are used in the Error Detection and Error Correction modes. 

CHECK BIT GENERATION LOGIC: 

This generates the appropriate check bits for the 32 bits of data 
in the Data Input Latch. The modified Hamming Code is the basis 
for generating the proper check bits. 

SYNDROME GENERATION LOGIC: 

In both the Detect and Correct modes, this logic does a com- 
parison on the check bits read from memory against the newly 
generated set of check bits produced for the data read in from 
memory. Matching sets of check bits mean no error was detected. 
If there is a mismatch, one or more of the data or check bits is in 
error. Syndrome bits are produced by an exclusive-OR of the two 
sets of check bits. Identical sets of check bits means the syn- 
drome bits will be all zeros. If an error results, the syndrome bits 
can be decoded to determine the number of errors and the spe- 
cific bit-in-error. 


ERROR DETECTION LOGIC: 

This part of the device decodes the syndrome bits generated 
by the Syndrome Generation Logic. With no errors in either the in- 
put data or che ck bits, both the ERROR and MULT ERR OR out- 
puts are HIG H. ERRO R will go low if one error is detected. MULT 
ERROR and ERROR will both go low if two or more errors are de- 
tected. 

ERROR CORRECTION LOGIC: 

In single error cases, this logic complements (corrects) the sin- 
gle data bit-in-error. This corrected data is loaded into the Data 
Output Latch, which can then be read onto the bidirectional data 
lines. If the error is resulting from one of the check bits, the correc- 
tion logic does not place corrected check bits on the syndrome/ 
check bit outputs. If the corrected check bits are needed, the EDO 
must be switched to the Generate Mode. 

DATA OUTPUT LATCH AND OUTPUT BUFFERS: 

The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction logic 
under control of the Data Output Latch Enable, LEout- The Data 
Output Latch may also be directly loaded from the Data Input 
Latch under control of the PASSTHRU control input. The Data 
Output Latch buffer is split into 4 individual buffers which can be 
enabled by OE 0 _ 3 separately for reading onto the bidirectional 
data lines. 

DIAGNOSTIC LATCH: 

A 32-bit latch is loadable, under control of the Diagnostic Latch 
Enable, LEoi AG , from the bidirectional data lines. Check bit infor- 
mation is contained in one byte while the other byte contains the 
control information. The Diagnostic Latch is used for driving the 
device when in the Internal Control Mode, or for supplying check 
bits when in one of the diagnostic modes. 

CONTROL LOGIC: 

Specifies what mode the device will be operating in. Normal 
operation is when the control logic is driven by external control in- 
puts. In the Internal Control Mode, the con trol signals are read 
from the Diagnostic Latch. Since LE 0UT and GENERATE are con- 
trolled by the same pin, the latching action (LE out from high to 
low) of the Data Output Latch causes the EDC to go into the Gen- 
erate Mode. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DETAILED PRODUCT DESCRIPTION 

The IDT49C460 EDC units contain the logic necessary to gener- 
ate check bits on 32 bits of data input according to a modified Ham- 
ming Code. The EDC can compare internally generated check bits 
against those read with the 32-bit data to allow correction of any 
single bit data error and detection of all double (and some triple) bit 
errors. The IDT49C460S can be used for 32-bit data words (7 check 
bits) and 64-bit (8 check bits) data words. 

CODE AND BYTE SELECTION: 

The 2 code identification pins, IDo, i, are used to determine the 
data word size that is 32 or 64 bits. Table 4 defines all possible slice 
identification codes. 

CHECK AND SYNDROME BITS: 

The IDT49C460S provide either check bits or syndrome bits on 
the three-state output pins, SC0-7. Check bits are generated from a 
combination of the Data Input bits, while syndrome bits are an ex- 
clusi ve-OR of the check bits generated from read data with the read 
check bit sorted with the data. Syndrome bits can be decoded to 
determine the single bit in error or that a double (some triple) error 
was detected. The check bits are labeled: 

CX, CO, Cl, C2, C4, C8, C16 for the 32-bit configuration 

CX, CO, Cl, C2, C4, C8, Cl 6, C32 for the 64-bit configuration 
Syndrome bits are similarly labeled SX through S32. 


TABLE 2. 

DIAGNOSTIC MODE CONTROL 


CORRECT 

DIAG 

MODEi 

DIAG 

MODEo 

DIAGNOSTIC MODE SELECTED 

X 

0 

0 

Non-diagnostic Mode. Normal 

EDC function in this mode. 

X 

0 

1 

Diagnostic Generate. The contents 
of the Diagnostic Latch are substi- 
tuted for the normally generated 
check bits when in the Generate 
Mode. The EDC functions normally in 
the Detect or Correct modes. 

X 

1 

0 

Diagnostic Detect/Correct In either 
mode, the contents of the Diagnostic 
Latch are substituted for the check 
bits normally read from the Check Bit 
Input Latch. The EDC functions nor- 
mally in the Generate Mode. 

1 

1 

1 

Initialize. The Data Input Latch out- 
puts are forced to zeros and 
latched upon removal of Initialize 
Mode. 

0 

1 

1 

PASSTHRU. 


TABLE 3. 

IDT49C460 OPERATING MODES 


OPERATING 

MODE 

DM, 

DM 0 

GENERATE 

CORRECT 

DATA OUT LATCH 


ERROR 
MULT ERROR 

Generate 

H 

H 

0 

X 

le out = LOW (1) 

Check Bits Generated from 

Data In Latch 

- 

Detect 

0 

0 

0 

i 

1 

0 

Data In Latch 

Syndrome Bits Data In/ 

Check Bit Latch 

Error Dep (2) 

Correct 

0 

0 

0 

1 

1 

1 

Data In Latch w/ 
Single Bit Correction 

Syndrome Bits Data In/ 

Check Bit Latch 

Error Dep 

PASSTHRU 

1 

1 

1 

0 

Data In Latch 

Check Bit Latch 

HIGH 

Diagnostic Generate 

0 

1 

0 

X 

- 

Check Bits from Diagnostic Latch 

- 

Diagnostic Detect 

1 

0 

1 

0 

Data In Latch 

Syndrome Bits Data In/ 
Diagnostic Latch 

Error Dep 

Diagnostic Correct 

1 

0 

1 

1 

Data In Latch w/ 
Single Bit Correction 

Syndrome Bits Data In/ 
Diagnostic Latch 

Error Dep 

Initialization Mode 

1 

1 

1 

1 

Data In Latch 
set to 0000 

- 

- 

Internal Mode 

CODE IDo. i = 01 Control Signals ID 0 . i , DIAG MODEo, i, and CORRECT are taken from Diagnostic Latch. 


NOTES: 

1 . In Generate Mode, data is read into the EDC unit and the check bits are generated. The same data is written to memory along with the check bits. Since the 
Data Out Latch is not used in the Generate Mode, LE 0UT (being LOW since it is tied to Generate), does not affect the writing of check bits. 

2. Error Dep (Error Dependent): t hhuh will be low for single or multiple errors, with muli lhhuH low for double or multiple errors. Both signals are high for 
no errors. 



































































IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CONTROL MODE SELECTION: 

Tables 2 and 3 describe the 9 operating modes of the 
IDT49C460S. The Diagnostic M ode pins— D IAG MODE 0 de- 
fine four basic areas of operation. GENERATE and CORRECT fur- 
ther divide operation into 8 functions, with IDo, i defining the ninth 
mode as the Internal Mode. 

Generate Mode is used to display the check bits on the outputs 
SC^ 7 . The Diagnostic Generate Mode displays check bits as 
stored in the Diagnostic Latch. 

Detect Mod e provid es a n indication of errors or multiple errors 
on the outputs ERROR and MULT ERROR. Single biterrors are not 
corrected in this mode. The syndrome bits are provided on the out- 
puts SCo_ 7 . For the Diagnostic Detect Mode, the syndrome bits are 
generated by comparing the internally generated check bits from 


DATA 0-31 HIGH Cl 6 C8 C4 C2 Cl CO CX 



SI 6/Cl 6 S4/C4 SI /Cl SX/CX 


Figure 1. 32-Blt Configuration 


the Data In Latch with check bits stored in the diagnostic latch 
rather than with the check bit latch contents. 

Correct Mode is similar to the Detect Mode except that single bit 
errors will be complemented (corrected) and made available as in- 
put to the Data Out Latches. Again, the Diagnostic Correct Mode 
will correct single bit errors as determined by syndrome bits gen- 
erated from the data input and contents of the diagnostic latches. 

The Initialize Mode provides check bits for all zero bit data. Data 
Input Latches are set, latched to a logic zero and made available 
as input to the Data Out Latches. 

The Internal Mode disables the external control pins DIAG 
MODEo, 1 and CORRECT to be defined by the Diagnostic Latch. 
Even IDi, 0 , although externally set to the 01 code, can be redefined 
from the Diagnostic Latch data. 



ERROR SYNDROME/ 

CHECK BITS 


Figure 2. 64-Bit Configuration 


DATA CHECK BITS 



31 24 23 1615 8 7 0 

Figure 3. 32-Bit Data Format 


DATA CHECK BITS 

BYTE 7 BYTE 6 BYTEs BYTE 4 BYTE 3 BYTE Z BYTE, BYTE 0 CX Cp Cl C2 C4 C8 Cl 6 C32 

63 56 55 4847 4039 3231 2423 1615 8 7 0 

Figure 4. 64-Bit Data Format 


8-240 
























IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


32-BIT DATA WORD CONFIGURATION: 

A single IDT49C460 EDC unit, connected as shown in Figure 1 , 
provides all the logic needed for single bit error correction and 
double bit error detection of a 32-bit data field. The identification 
code indicates 7 check bits are required. The CB, pin should be 
HIGH. 

Figure 3 indicates the 39-bit data format for two bytes of data 
and 7 check bits. Table 3 describes the operating mode available. 

Table 6 indicates the data bits participating in the check bit gen- 
eration. For example, check bit CO is the exclusive-OR function of 
the 16 data input bits marked with an X. Check bits are generated 
and output in the Generate and Initialization Mode. Check bits 
from the respective latch are passed, unchanged, in the Pass Thru 
or Diagnostic Generate Mode. 

Syndrome bits are generated by an exclusive-OR or the gener- 
ated check bits with the read check bits. For example, SX is the 


TABLE 4. 

32-BIT DIAGNOSTIC 
LATCH CODING FORMAT 


BITO 

CB 0 DIAGNOSTIC 

BIT 1 

CB, DIAGNOSTIC 

BIT 2 

cb 2 DIAGNOSTIC 

BIT 3 

cb 3 DIAGNOSTIC 

BIT 4 

cb 4 diagnostic 

BIT 5 

cb 5 diagnostic 

BIT 6 

cb 6 diagnostic 

BIT 7 

cb 7 diagnostic 

BIT 8 

CODE ID 0 

BIT 9 

CODE ID! 

BIT 10 

DIAG MODE 0 

BIT 11 

DIAGMODE, 

BIT 12 

CORRECT 

BIT 13-31 

DON'T CARE 


XOR of check bits CX from those read with those generated. 
Table 7 indicates the decoding of the seven syndrome bits to iden- 
tify the bit-in-error for a single bit error or whether a double or triple 
bit error was detected. The all zero case indicates no errors 
detected. 

In the Correct Mode, the syndrome bits are used to complement 
(correct) single bit errors in the data bits. For double or multiple 
error detection, the data available as input to the Data Out Latch is 
not defined. 

Table 4 defines the bit definition forthe Diagnostic Latch. As de- 
fined in Table 3, several modes will use the diagnostic check bits 
to determine syndrome bits or to pass as check bits to the 
SC 0 _ 7 outputs. The Internal Mode substitutes the indicated bit 
position for the external control signals. 


TABLE 5. SLICE IDENTIFICATION 


CODE ID, 

CODE ID 0 

SLICE SELECTED 

0 

0 

32-Bit 

0 

1 

Internal Control Mode 

1 

0 

64-Bit, Lower 32-Bit (0-31) 

1 

1 

64-Bit, Upper 32-Bit (32-63) 


TABLE 6. 32-BIT MODIFIED HAMMING CODE- CHECK BIT ENCODE CHART 


GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING DATA BITS 

■a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

wm 

mm 

B 

B 

B 

B 

CX 

Even (XOR) 

b 




X 


B 

B 

B 

B 


B 



B 


CO 

Even (XOR) 

mm 

■a 

mm 


B 


B 


B 


B 


B 




Cl 

Odd (XNOR) 

mm 



mm 

B 



B 


B 

B 



B 


B 

C2 

Odd (XNOR) 

mm 

mm 




B 

B 

B 




B 

B 

B 



C4 

Even (XOR) 



B 

mm 

B 

B 

B 

B 







B 

B 

C8 

Even (XOR) 









B 

B 

B 

B 

B 

B 

B 

B 

Cl 6 

Even (XOR) 

D 

D 

B 

D 

B 

B 

m 

X 










GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING DATA BITS 

B 

B 

B 

B 

ES 

B 


wm 

B 

B 

KM 

B 

KM 

B 


wm 

CX 



B 

B 

B 


B 





B 


B 

B 


B 

CO 


B 

B 

B 


B 


B 


B 


B 


B 




Cl 

Odd (XNOR) 

B 



X 

B 



mm 


B 

B 



B 


B 

C2 

Odd (XNOR) 

B 

B 




B 

B 

B 




B 

B 

B 



C4 

Even (XOR) 



B 

B 

B 

B 

B 

B 





_i 


B 

B 

C8 

Even (XOR) 









D 

E9 

D 

a 

o 

WM 

B 

B 

C16 

Even (XOR) 









D 

MM 

fl 

a 

a 

MM 

B 

B 




































IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE 7. 

SYNDROME DECODE TO BIT-IN-ERROR 


SYNDROME 

S16 

0 

1 

0 

1 

0 

1 

0 

1 


BITS 


S8 

0 

0 

1 

1 

0 

0 

1 

1 




S4 

0 

0 

0 

0 

1 

1 

1 

1 

SX 

SO 

SI 

S2 









0 

0 

0 

0 

* 

Cl 6 

C8 

T 

C4 

T 

T 

30 

0 

0 

0 

1 

C2 

T 

T 

27 

T 

5 

M 

T 

0 

0 

1 

0 

Cl 

T 

T 

25 

T 

3 

15 

T 

0 

0 

1 

1 

T 

M 

13 

T 

23 

T 

T 

M 

0 

1 

0 

0 

CO 

T 

T 

24 

T 

2 

M 

T 

0 

1 

0 

1 

T 

1 

12 

T 

22 

T 

T 

M 

0 

1 

1 

0 

T 

M 

10 

T 

20 

T 

T 

M 

0 

1 

1 

1 

16 

T 

T 

M 

T 

M 

M 

T 

1 

0 

0 

0 

CX 

T 

T 

M 

T 

M 

14 

T 

1 

0 

0 

1 

T 

M 

11 

T 

21 

T 

T 

M 

1 

0 

1 

0 

T 

M 

9 

T 

19 

T 

T 

31 

1 

0 

1 

1 

M 

T 

T 

29 

T 

7 

M 

T 

1 

1 

0 

0 

T 

M 

8 

T 

18 

T 

T 

M 

1 

1 

0 

1 

17 

T 

T 

28 

T 

6 

M 

T 

1 

1 

1 

0 

M 

T 

T 

26 

T 

4 

M 

T 

1 

1 

1 

1 

T 

0 

M 

T 

M 

T 

T 

M 


NOTES: 

* — no errors detected 

Number- number of the single bit-in-error 

T —two errors detected 

M - three or more errors detected 

64-BIT DATA WORD CONFIGURATION: 

Two IDT49C460 EDC units, connected as shown in Figure 2, 
provide all the logic needed for single bit error correction and dou- 
ble bit error detection of a 64-bit data field. Table 5 gives the 
IDi, o values needed for distinguishing the upper 32 bits from the 
lower 32 bits. Valid syndrome, check bits and the ERROR and 
MULT ERROR signals come from the 1C with the CODE ID = 11. 
Control signals not indicated are connected to both units in paral- 
]eL The EDC with the CODE ID = 10 has the OE sc grounded. The 
OEsc selects the syndrome bits from the EDC with CODE ID = 11 
and also controls the check bit buffers from memory. 

Data In bits 0 through 31 are connected to the same numbered 
inputs of the EDC unit with CODE ID = 10, while Data In bits 32 
through 63 are connected to Data Inputs 0 to 31, respectively, for 
the EDC unit with CODE ID = 11. 

Figure 4 indicates the 72-bit data format of 8 bytes of data and 8 
checkbits.CheckbitsareinputtotheEDCunitwithCODEID = 10 
through a three-state buffer unit such as the I DT74FCT244. Correc- 
tion of single bit errors of the 64-bit configuration requires a feed- 
back of syndrome bits from the lower EDC unit to the upper EDC 
units. The MUX shown on the functional block diagram is used to 
select the CDd -7 pins as the syndrome bits rather than internally 
generated syndrome bits. 

Table 3 describes the operating mode available for the 64/72 
configuration. 

Table 1 1 indicates the data bits participating in the check bit 
generation. For example, check bit CO is the exclusive-OR function 
or the 32 data input bits marked with an X. Check bits are generated 
and output in the Generate and Initialization modes. Check bits are 
passed as stored in the PASSTHRU or Diagnostic Generate 
modes. 

Syndrome bits are generated by an exclusive-OR of the gener- 
ated check bits with the read check bits. For example, SX is the 
XOR of check bits CX from those read with those generated. 
Table 9 indicates the decoding of the 8 syndrome bits to determine 
the bit in error for a single bit error or whether a double or triple bit 
error was detected. The all zero case indicates no errors detected. 


In the Correct Mode, the syndrome bits are used to comple- 
ment (correct) single bit errors in the data bits. For double or multi- 
ple error detection, the data available as input to the Data Out 
Latch is not defined. 

Tables 8A and 8B define the bit definition for the Diagnostic 
Latch. As defined in Table 3, several modes will use the Diagnos- 
tic Check Bits to determine syndrome bits or to pass as check bits 
to the SC 0-7 outputs. The Internal Mode substitutes the indicated 
bit position for the external control signals. 

Performance data is provided in Table 10, relating a single 
IDT49C460 EDC with the two cascaded units of Figure 2. As indi- 
cated, a summation of propagation delays is required from the 
cascading arrangement of EDC units. 


TABLE 8A. 

64-BIT DIAGNOSTIC LATCH -CODING FORMAT 
(EXCEPT DIAGNOSTIC WRITE MODE) 


BIT 

INTERNAL FUNCTION 

0 

CB 0 DIAGNOSTIC 

1 

CB, DIAGNOSTIC 

2 

CB 2 DIAGNOSTIC 

3 

CB 3 DIAGNOSTIC 

4 

CB 4 DIAGNOSTIC 

5 

CB 5 DIAGNOSTIC 

6 

CB 6 DIAGNOSTIC 

7 

CB 7 DIAGNOSTIC 

8 

CODEo LOWER 32-BIT 

9 

CODEi LOWER 32-BIT 

10 

DIAG MODE 0 LOWER 32-BIT 

11 

DIAG MODE, LOWER 32-BIT 

12 

CORRECT LOWER 32-BIT 

13-31 

DON'T CARE 

32-39 

DON'T CARE 

40 

CODE ID 0 UPPER 32-BIT 

41 

CODE ID, UPPER 32-BIT 

42 

DIAG MODE 0 UPPER 32-BIT 

43 

DIAG MODEi UPPER 32-BIT 

44 

CORRECT UPPER 32-BIT 

45-63 

DON'T CARE 


TABLE 8B. 

64-BIT DIAGNOSTIC LATCH -CODING FORMAT 
(DIAGNOSTIC WRITE MODE ONLY) 


BIT 

INTERNAL FUNCTION 

0-7 

DON'T CARE 

8 

CODE 0 LOWER 32-BIT 

9 

CODE, LOWER 32-BIT 

10 

DIAG MODE n LOWER 32-BIT 

11 

DIAG MODE, LOWER 32-BIT 

12 

CORRECT LOWER 32-BIT 

13-31 

DON'T CARE 

32 

CB 0 DIAGNOSTIC 

33 

CB, DIAGNOSTIC 

34 

CB 2 DIAGNOSTIC 

35 

cb 3 DIAGNOSTIC 

36 

CB 4 DIAGNOSTIC 

37 

cb 5 DIAGNOSTIC 

. 38 

CB 6 DIAGNOSTIC 

39 

cb 7 DIAGNOSTIC 

40 

CODE ID 0 UPPER 32-BIT 

41 

CODE ID, UPPER 32-BIT 

42 

DIAG MODE 0 UPPER 32-BIT 

43 

DIAG MODE, UPPER 32-BIT 

44 

CORRECT UPPER 32-BIT 

45-63 

DON’T CARE 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


TABLE 9. SYNDROME DECODE TO BIT-IN-ERROR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SYNDROME 

BITS 

SX SO SI S2 

S32 

S16 

S8 

S4 

0 

0 

0 

0 

0 

0 

0 

0 


IS 

0 

0 

0 

1 


m 

0 

0 

1 

0 


131 

0 

0 

1 

1 


m 

0 

1 

0 

0 



0 

1 

0 

1 


Of 

0 

1 

1 

0 


mm 

0 

1 

1 

1 


na 

1 

0 

0 

0 


El 

1 

0 

0 

1 


WM 

1 

0 

1 

0 


m 

1 

0 

1 

1 



1 

1 

0 

0 


mm 

1 

1 

0 

1 


K9 

1 

1 

1 

0 


KB 

1 

1 

1 

1 


mm 


NOTES: 

* = No errors detected 

Number = The number of the single bit-in-error 


T = Two errors detected 
M = Three or more errors detected 


TABLE 10. 

KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 


64-BIT 

PROPAGATION DELAY 

COMPONENT DELAY FOR IDT49C460 AC SPECIFICATIONS 

FROM 

TO 


DATA 

Check Bits Out 

(DATA TO SC) + (CB TO SC, CODE ID 11) 

DATA 

Corrected DATA Out 

(DATA TO SC) + (CB TO SC. CODE ID 11) + (CB TO DATA, CODE ID 10) 

DATA 

Syndromes Out 

(DATA TO SC) + (CB TO SC, CODE ID 1 1) 

DATA 

ERROR for 64 Bits 

(DATA TO SC) + (CB TO ERROR, CODE ID 11) 

DATA 

MULT ERROR for 64 Bits 

(DATA TO SC) + (CB TO MULT ERROR, CODE ID 11) 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE 11. 64-BIT MODIFIED HAMMING CODE -CHECK BIT ENCODING 


GENERATED 

PARITY 

PARTICIPATING DATA BITS 1 

CHECK BITS 

0 1 1 1 2 | 3 | 4 | 5 | 6 | 7 | 8 

9 

—mu 

CX 

Even (XOR) 


B 

■D 


■IB 


CO 

Even (XOR) 

ii— —in 


wmm 

D 

zz^ 


Cl 

Odd (XNOR) 

BBBBBBBBB 

bbb 


BB 

B 

C2 

Odd (XNOR) 

HDIHDDDHI 


MBBBB 


C4 

Even (XOR) 

MMi—liiM 




BBB 

C8 

Even (XOR) 


■a 

dqdddd 

Cl 6 

Even (XOR) 

wnimiroiBii 






C32 

Even (XOR) 








GENERATED 


PARTICIPATING DATA BITS 1 

CHECK BITS 



CX 



BBB 

BB 

§■1 

BBBBBBBBB 

CO 

Even (XOR) 

B 

B 

B 


BB 

B 

■BHBBBBBH 

Cl 

Odd (XNOR) 

B 



BBB 


BiBBBBBBBB 

C2 

Odd (XNOR) 

B 

B 



BB 

B 

BBHBBBBBB 

C4 

Even (XOR) 



BBBB 

B 


C8 

Even (XOR) 







— — — 

Cl 6 

Even (XOR) 








C32 

Even (XOR) 







BBBBBBBBB 


GENERATED 


I PARTICIPATING DATA BITS 1 

CHECK BITS 



i mm 

CX 

Even (XOR) 

BB 


■BHBBH 

BIBB BE! MM 

CO 

Even (XOR) 

BBB 

BBBBBB 

BBBBBBB 

Cl 

Odd (XNOR) 

BB 


DBBHB B 

BBBBBBB 

C2 

Odd (XNOR) 

BB 


BBBBBB 

■BBBBBB 

C4 

Even (XOR) 


BBBBBBB 

■BBBBBB 

C8 

Even (XOR) 





Cl 6 

Even (XOR) 


LJ LZJ 

C32 

Even (XOR) 

lzxz: 



'WKfflWIWWPM HBH 


GENERATED 


PARTICIPATING DATA BITS 

CHECK BITS 



KSEMBESIEIidihidi 

CX 

Even (XOR) 

BB 


^■BBUIEJBI 

■DBBBBB 

CO 

Even (XOR) 

BBB 

BBBBBB 

■HHBBHH 

Cl 

Odd (XNOR) 

BB 


BBBBBB 

BBBBBBB 

C2 

Odd (XNOR) 

BB 


BBBIBIBIB 

BBBBBBB 

C4 

Even (XOR) 


BBBBBBB 


C8 

Even (XOR) 





C16 

Even (XOR) 




BBBBBBB 

C32 

Even (XOR) 

BB 

B 

BBBBBB 

1111 1 1 1 


NOTE: 


The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X” in the table. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


SC OUTPUTS 

The tables below indicate how the SC0-7 outputs are generated 
in each control mode for various CODE IDs (Internal Control Mode 
not applicable). 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


GENERATE 


CODE ID 1-0 


10 


CORRECT/ 

DETECT 


CODE ID 1-0 


10 


PF® CB 6 


PG © CB 7 


PHO 


PA© Cl 


PB © C2 


PC© C3 


PD© C4 


PE© C5 


PF© C6 


PA© 

Cl 

PB© 

C2 

PC© 

CO 

0 

PD© 

C4 

© 

UJ 

Q_ 

C5 

PF© 

CO 

0 

PF© 

C7 


PB© CB 


PC © CB 


PC © CB a 


PE © CB 


PF© CB 6 


PG ffi CB 


DIAGNOSTIC 

CODE ID 1-0 | 

READ 

00 

10 

11 

SCo 4 — 

PHO © DLO 

PHI © DLO 

PH2 © CB 0 

SC 1 4 — 

PA © DL1 

PA © DL1 

PA© CBi 

SC 2 4 — 

PB© DL2 

PB© DL2 

PB © CB Z 

sc 3 +- 

PC © DL3 

PC © DL3 

PC © CB 3 

SC 4 «- 

P D © DL4 

P D © DL4 

PD © CB4 

sc 5 +- 

PE © DL5 

PE © DL5 

PE© CBs 

SCg i — 

PF © DL6 

PF © DL6 

PF© CBe 

SC 7 +- 

- 

PF © DL7 

PG © CB 7 


DIAGNOSTIC 

WRITE 


| CODE ID 1-0 | 

00 

10 

11 

DLO 

DLO 

DL32 

DL1 

DL1 

DL33 

DL2 

DL2 

DL34 

DL3 

DL3 

DL35 

DL4 

DL4 

DL36 

DL5 

DL5 . 

DL37 

DL6 

DL6 

DL38 

- 

DL7 

DL39 


8 


PASSTHRU 


CODE ID 1-0 


10 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA CORRECTION 

The tables below indicate which data output bits are corrected 
depending upon the syndromes and the CODE ID position. The 
syndromes that determinedata correction are, in some cases, syn- 
dromes input externally via the CB inputs and, in some cases, syn- 
dromes input externally by that EDC (S j are the internal syndromes 
and are the same as the value of the SQ output of that EDC if 
enabled). 


32-BIT CONFIGURATION 
CODE ID i-o = 00 


SYNDROME 

SB16 

0 

1 

0 

1 

0 

1 

0 

1 


BITS 


SB8 

0 

0 

1 

1 

0 

0 

1 

1 




SB4 

0 

0 

0 

0 

1 

1 

1 

1 

SBX SBO 

SB! 

SB2 









0 

0 

0 

0 

- 

- 

- 

- 

- 

- 

- 

30 

0 

0 

0 

1 

- 

- 

- 

27 

- 

5 

- 

- 

0 

0 

1 

0 

- 

- 

- 

25 

- 

3 

15 

- 

0 

0 

1 

1 

- 

- 

13 

- 

23 

- 

- 

- 

0 

1 

0 

0 

- 

- 

- 

24 

- 

2 

- 

- 

0 

1 

0 

1 

- 

1 

12 

- 

22 

- 

- 

- 

0 

1 

1 

0 

- 

- 

10 

- 

20 

- 

- 

- 

0 

1 

1 

1 

16 

- 

- 

- 

- 

- 

- 

- 

1 

0 

0 

0 

- 

- 

- 

- 

- 

- 

14 

- 

1 

0 

0 

1 

- 

- 

11 

- 

21 

- 

- 

- 

1 

0 

1 

0 

- 

- 

9 

- 

19 

- 

- 

31 

1 

0 

1 

1 

_ 

- 

- 

29 

- 

7 

- 

- 

1 

1 

0 

0 

- 

- 

8 

- 

18 

- 

- 

- 

1 

1 

0 

1 

17 

- 

- 

28 

- 

6 

- 

- 

1 

1 

1 

0 

- 

- 

- 

26 

- 

4 

- 

- 

1 

1 

1 

1 

- 

0 

- 

- 

- 

- 

- 

- 


FUNCTIONAL EQUATIONS 

The equations below describe the IDT49C460 output values as 
defined by the value of the inputs and internal states. 

DEFINITIONS 

PA = DO © D1 © D2 © D4 © D6 © D8 © DIO © D12 © 

D16 © D17 © D18 © D20 © D22 © D24 © D26 © D28 

PB = DO © D3 © D4 © D7 © D9 © DIO © D13 © D15 © 
D16 © D19 © D20 © D23 © D25 © D26 © D29 © D31 

PC. = DO © D1 © D5 © D6 © D7 © Dll © D12 © D13 © 
D16 © D17 © D21 © D22 © D23 © D27 © D28 © D29 

PD = D2 © D3 © D4 © D5 © D6 © D7 © D14 © D15 © 

D18 © D19 © D20 © D21 © D22 © D23 © D30 © D31 

PE = D8 © D9 © DIO © Dll © D12 © D13 © D14 © D15 
© D24 © D25 © D26 © D27 © D28 © D29 © D30 © D31 
PF = DO © D1 © D2 © D3 © D4 © D5 © D6 © D7 © D24 
© D25 © D26 © D27 © D28 © D29 © D30 © D31 

PG = D8 © D9 © DIO © Dll © D12 © D13 © D14 © D15 
© D16 © D17 © D18 © D19 © D20 © D21 © D22 © D23 

PHO = DO © D4 © D6 © D7 © D8 © D9 © Dll © D14 © 
D17 © D18 © D19 © D21 © D26 © D28 © D29 © D31 
PHI = D1 © D2 © D3 © D5 © D8 © D9 © Dll © D14 © 
D17 © D18 © D19 © D21 © D24 © D25 © D27 © D30 

PH2 = DO © D4 © D6 © D7 © DIO © D12 © D13 © D15 
© D16 © D20 © D22 © D23 © D26 © D28 © D29 © 

D31 


64-BIT CONFIGURATION (LOWER 32-BIT) 
CODE ID-j.q = 10 


SYNDROME 

CB32 

0 

1 

El 

1 

■3 

n 

0 

n 


BITS 


CB16 

boh 

1 

Efl 

1 

11 

H 

0 

n 




CB8 

0 

0 

1 

1 

U 

H 

1 

n 




CB4 


0 

0 

0 

u 

U 

1 

n 

CBX CBO CB1 CB2 





H 

■ 


■ 

0 

0 

0 

0 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

1 

- 

- 

-- 

- 

- 

- 

- 


0 

0 

1 

0 

- 

- 

- 

- 

- 

- 

m 

m 

0 

0 

1 

1 

- 

- 

m 

m 


7 

~ 

- 

0 

1 

0 

0 

- 

- 




- 

- 

- 

0 

1 

0 

1 

- 

- 

■a 

El 

El 

6 

- 

- 

0 

1 

1 

0 

- 

- 

mm 


m i 

4 

- 

- 

0 

1 

1 

1 

JBM 

0 

~ 

- 

- 

- 

- 

- 

1 

0 

0 

0 

- 

- 

~ 

- 

- 

- ' 

El 

Bc!il 

1 

0 

0 

1 

- 

- 

n 

m 

El 

5 

- 

- 

1 

0 

1 

0 

- 

- 

9 

m 

El 

El 

- 

- 

1 

0 

1 

1 

- 

- 

- 




- 

- 

1 

1 

0 

0 

- 

- 

8 

m 

m 

■9 

- 

- 

1 

1 

0 

1 

El 

1 

- 

- 

- 

- 

- 

- 

1110 

- 

- 

- 

- 

- 

- 

- 

- 

' 

1 

1 

1 

- 

- 

- 

- 

- 

- 

- 

- 


64-BIT CONFIGURATION (UPPER-BIT) 
CODE ID i_ 0 = 11 (D 


SYNDROME SB32 
BITS SB16 

SB8 
SB4 

SBX SBO SB1 SB2 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

i 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

- 

- 
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IDT49C460/A/B 32-BIT CMOS 

EftROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS™ 


EMIT*!! 

RATING 

COMMERCIAL 

MILITARY 

DUE! 

v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

t a 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

'out 

DC Output Current 

30 

30 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

CONDITIONS 

TYP. 

UNITS 

C IN 

Input Capacitance 

< 

z 

II 

§ 

5 

pF 

C OUT 

Output Capacitance 

Vout= 0V 

7 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

T A = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to + 125°C V cc = 5.0V + 10% (Military) 

V LC = 0.2V 
V H c= Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

TYP.' 2 3 4 ) 

MAX. 

UNIT 

_< 

I 

Input HIGH Level 

Guaranteed Logic High Level H) 

2.0 

- 

- 

n 

V ,L 

Input LOW Level 

Guaranteed Logic Low Level W> 

- 

- 

0.8 

■a 

IlH 

Input HIGH Current 

Vcc = Max.,V| N = V C c 

- 

0.1 

5.0 

jiA 

IlL 

Input LOW Current 

V cc = Max.,V| N = GND 

- 

-0.1 

-5.0 

M-A 

v 0H 

Output HIGH Voltage 

11 11 

Iqh — — 300]j,A 

MM 

Mil 

- 

■ 

l 0H = -12mA MIL. 

2.4 

4.3 

- 

I 0H = -15mA COM'L. 

mm 

fl 

- 

V 0L 

Output LOW Voltage 

11 11 

Iol = 300)1 A 

- 

GND 


V 

l 0L = 20mA MIL. 

~ 

0.3 

K3 

I 0L = 24mA COM'L. 

- 

0.3 


'oz 

Off State (High Impedance) 

Output Current 

Vcc — Max. 

v 0 = ov 

- 

-0.1 


JIA 

Vq = V C c (Max.) 

- 

0.1 


'os 

Output Short Circuit Current 

Vqq = Min., Vquj- = 0V P) 

-30.0 

- 

- 

mA 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment. 












































































IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS (Cont'd) 

T a = 0°Cto +70°C V cc = 5.0V ± 5% (Commercial) 

T a = -55°C to +125°C V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

TYP.t 2 ) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 
(CMOS Inputs) 

Vcc = Max. 

Vhc- V iN . V| N < V LC 

fop = 0 

- 

3.0 

5 

mA 

Icct 

Quiescent Input Power Supply 
Current (per Input @ TTL High) (5) 

V cc = Max., V IN = 3.4V, f 0P = 0 

- 

0.3 

0.5 

mA/ 

Input 

H 

Dynamic Power Supply Current 

Vcc = Max. 

Vhc ^ Vn. V 1N < V LC 

Outputs Open, OE = L 

MIL. 

- 

6 

10 

mA/ 

COM'L. 

- 

6 

7 

MHz 



V cc = Max., f 0P = 10MHz 

Outputs Open, 01 = L 

MIL. 

- 

60 

110 



Total Power Supply Current (®) 

50% Duty cycle 

Vhc - Mm. V IN < V LC 

COM'L. 

- 

60 

80 

mA 

Vcc = Max.,fop = 10MHz 

Outputs Open, OE = L 

MIL. 

- 

70 

125 

1 


50% Duty cycle 

V 1H = 3.4V, VJl = 0.4V 

COM'L. 

- 

70 

95 



NOTES: 


5. Icct is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Icco . then dividing by the total number of inputs. 

6. Total Supply Current is the sum of the Quiescent current and the Dynamic current (at either CMOS orTTL input levels). For all conditions, the Total Supply 
Current can be calculated by using the following equation: 

icc = bco + bcT (N t x D h ) + bco (fop) 

D h = Data duty cycle TTL high period (V, N = 3.4V). 

N t = Number of dynamic inputs driven at TTL levels. 
f op = Operating frequency in Megahertz. 


CMOS TESTING CONSIDERATIONS 

Special test board considerations must be taken into account 
when applying high-speed CMOS products to the automatic test 
environment. Large output currents are being switched in very 
short periods and proper testing demands that test set-ups have 
minimized inductance and guaranteed zero voltage grounds. The 
techniques listed below will assist the user in obtaining accurate 
testing results: 

1) All input pins should be connected to a voltage potential during 
testing. If left floating, the device may oscillate, causing im- 
proper device operation and possible latchup. 

2) Placement and value of decoupling capacitors is critical. Each 
physical set-up has different electrical characteristics and it is 
recommended that various decoupling capacitor sizes be ex- 
perimented with. Capacitors should be positioned using the 
minimum lead lengths. They should also be distributed to 
decouple power supply lines and be placed as close as possible 
to the DUT power pins. 


3) Device grounding is extremely critical for proper device testing. 
The use of multi-layer performance boards with radial decou- 
pling between power and ground planes is necessary. The 
ground plane must be sustained from the performance board to 
the DUT interface board and wiring unused interconnect pins to 
the ground plane is recommended. Heavy gauge stranded wire 
should be used for power wiring, with twisted pairs being recom- 
mended for minimized inductance. 

4) To guarantee data sheet compliance, the input thresholds 
should be tested per input pin in a static environment. To allow 
fortesting and hardware-induced noise, IDT recommends using 
V| L < 0V and V IH > 3V for AC tests. 


t 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460B AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460B over the 0°C to +70°C commercial temperature 
range. All times are in nanoseconds and are measured at the 1.5V 
signal level. The inputs switch between OV and 3V with signal transi- 
tion rates of IV per nanosecond. All outputs have maximum DC load. 
V cc equal to 5.0V ± 5%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SC0-7 

DATA 0-31 

ERROR 

MULT ERROR 

DATA 0-31 

25 

30<'> 

25 

27 

CBo-7 

(CODE ID 00. 11) 

14 

30 

17 

20 

CBo-7 

(CODE ID 10) 

16 

18 

19 

21 

GENERATE 

21 

23 

23 

23 

CORRECT 
(Not Internal 

Control Mode) 

■ 

23 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

17 

26 

20 

24 

CODE ID 0 . i 

18 

26 

21 

26 

LEin 

(From latched 
to transparent) 

27 

38< 2 ) 

30 

33 

LEout 

(From latched 
to transparent) 

■ 

12 

- 

- 

LE diag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

15 

29 

19 

22 

Internal Control 
Mode: LEdiag 
(From latched 
to transparent) 

16 

32 

19 

24 

Internal Control 
Mode; DATA 0-31 
(Via Diagnostic 
Latch) 

16 

32 

20 

25 


NOTES: 


1. DATAin to Correct DATAout measurement requires timing as shown in 
Figure 5A below. 

2. LEin to Correct DATAout measurement requires timing as shown in 
Figure 5B. 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA 0-31 

LE IN 

4 

4 

CBq-7 

LE in 

4 

4 

DATA 0 _ 31 

LE out . 

19 

0 

CB0-7 

(CODE ID 00, 11) 

LE out 

15 

0 

CB 0-7 

(CODE ID 10) 

LE out 

15 

0 

CORRECT 

LEout 

11 

0 

DIAG MODE 

LE out 

17 

0 

CODE ID 0 ! 

LEout 

17 

0 

LEin 

LE out 

20 

0 

DATA o_3i 

LE diag 

4 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT OUTPUT 

i ENABLE 

DISABLE | 

TTTCW 


MW 


OEBYTE 0-3 DATA 0-31 

10 

23 

10 

19 

OE sc sc 0 _ 7 

10 

24 

10 

20 


MINIMUM PULSE WIDTHS 

1 t-£|N • LE 0UT , LEqiag 


VALID 

INPUT DATA 

_ DATAin TO 

CORRECT DATA out 

CORRECT DATA 

OUTPUT 

LEin TRANSPARENT TO , 
CORRECT DATA 0U T 


■nmwi'i 


( DATA 0-31 

VALID INPUT DATA } 

^ CORRECT DATA , 



I DATA TO LE , N 

SET-UP TIME 

k : / 



LE,n > 

y 

. 

MIN OUTPUT 
ENABLE TIME 


I DATA TO LEin 
; HOLD TIME 




— V 

OE BYTE 0-3 

OE 

v 


Figure 5A. Figure 5B. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460B AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460B over the -55°C to +125°C military temperature 
range. All times are in nanoseconds and are measured at the 1.5V 
signal level. The inputs switch between OV and 3V with signal transi- 
tion rates of IV per nanosecond. All outputs have maximum DC load. 
Vcc equal to 5.0V ± 10%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 1 

SC 0-7 

DATA 0-31 

ERROR 

MULT ERROR 

DATA 0-31 

28 

330) 

28 

30 

CBo-7 

(CODE ID 00. 11) 

17 

33 

20 

23 

CBo-7 

(CODE ID 10) 

19 

23 

22 

24 

GENERATE 

24 

26 

26 

26 

CORRECT 
(Not Internal 

Control Mode) 

■ 

26 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

20 

29 

23 

27 

CODE ID 0 , 

21 

29 

24 

29 

LEin 

(From latched 
to transparent) 

30 

41 (2) 

33 

36 

LEqut 

(From latched 
to transparent) 

■ 

15 

- 

- 

LE QIAG 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

18 

32 

22 

25 

Internal Control 
Mode; LEdiag 
(From latched 
to transparent) 

19 

35 

22 

j.J 

27 

Internal Control 
Mode: DATA 0-31 
(Via Diagnostic 
Latch) 

19 

35 

23 

28 


NOTES: 


1. DATAin to Correct DATAout measurement requires timing as shown in 
Figure 6A below. 

2. LE,„, to correct DATA„, measurement requires timing as shown in 
Fidtlre 6B below. 0UT 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA g_3i 

le in 

4 

| 

CB 0-7 

LE,n 

4 

Hiaii 

DATA q. 31 

our 

23 

0 

CB 0-7 

(CODE ID 00, 11) 

LEout 

18 

0 

CBo-7 

(CODE ID 10) 

LEquj 

18 

0 

CORRECT 

EE our 

14 


DIAG MODE 

LEout 

20 

0 

CODE ID 0 , 1 

LEout 

20 


LE,n 

LE our 

23 


DATA 0-31 

LE diag 

4 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

BAIIM 



Wifivm 

OE BYTE0-3 

DATA 0 — 3 1 

10 

25 

10 

21 

CE S c 

SC 0 -7 

10 

27 

10 

22 


MINIMUM PULSE WIDTHS 

| LE in , LEqut. LE diag I 12 


VALID 

INPUT DATA 

^ DATAin TO 

CORRECT DATAout 

CORRECT DATA 

OUTPUT 

LEin TRANSPARENT TO 
CORRECT DATA 0 ut 


d ’ATAo-31.0 


mmm. 

^ DATAq-31 

VAUD INPUT DATA } 

y CORRECT DATA, 



I DATA TO LE , N 

SET-UPTIME 

k / 



LE in > 

f 

MIN OUTPUT 
ENABLE TIME 


I DATA TO IP,.. 

1 

1, 


HOLD TIME 

V 

. 

1 1 

IS 

_ S 

OE BYTE 0-3 

UE 

> 


Figure 6A. Figure 6B. 


8-250 













































































































IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460A AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460A over the 0°C to +70°C commercial temperature 
range. All times are in nanoseconds and are measured alt the 1.5V 
signal level. The inputs switch between OV and 3V with signal transi- 
tion rates of IV per nanosecond. All outputs have maximum DC load. 
V C c equal to 5.0V ± 5%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SCo- 7 

DATA 0-31 

ERROR 

MULT ERROR 

DATA o- 3 i 

27 

36h> 

30 

33 

CBo-7 

(CODE ID 00.11) 

16 

34 

19 

23 

CBo-7 

(CODE ID 10) 

16 

20 

19 

21 

GENERATE 

21 

23 

25 

25 

CORRECT 
(Not Internal 

Control Mode) 

■ 

23 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

17 

26 

20 

24 

CODE ID 0 , 

18 

26 

21 

26 

le in 

(From latched 
to transparent) 

27 

38( 2 ) 

30 

33 

LEoirr 

(From latched 
to transparent) 

■ 

12 

- 

- 

LEdiag 

(From latched to 
transparent: Not 
Internal Control 
Mode) 

15 

29 

19 

22 

Internal Control 
Mode: LEdiag 
(F rom latched 
to transparent) 

16 

32 

19 

24 

Internal Control 
Mode: DATA 0-31 
(Via Diagnostic 
Latch) 

16 

32 

20 

25 


NOTES: 

1 . DATAin to Correct DATAout measurement requires timing as shown in 
Figure 7A below. 

2. LE| N to correct DATA out measurement requires timing as shown in 
Figure 7B below. 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA q_ 3 i 

LE,n 

5 

4 

CBq-7 

LE in 

5 

4 

DATA o_3i 

LEout 

23 

0 

CB 0-7 

(CODE ID 00, 11) 

LE OUT 

15 

0 

CB 0-7 

(CODE ID 10) 

LEout 

15 

0 

CORRECT 

LE OUT 

11 

0 

DIAG MODE 

LE out 

17 

0 

CODE ID 0 , 1 

LE out 

17 

0 

LE,n 

LEout 

25 

0 

DATA 0-31 

DIAG 

5 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with c L = 5pF and measured to 
0.5V change of output voltage level. h 


INPUT OUTPUT 

1 ENABLE 

DISABLE 1 

■ flll« 

■M9 

«ll« 

EEE3 

OEBYTE 0-3 DATA 0-31 

10 

23 

10 

19 

OE sc SC 0.7 

10 

24 

10 

20 


MINIMUM PULSE WIDTHS 

| LE| N . LEqui-, LE d[ag | 9 | 


VALID 

INPUT DATA 

- DATAin TO 

CORRECT DATA out 

CORRECT DATA 

OUTPUT 

- LEin TRANSPARENT TO 
CORRECT DATA 0 ut 


DATAo-3,0 


( DATA 0-31 





DATA TO LE , N 

SET-UPTIME 

V LE in j 



LEin ' 


MIN OUTPUT 
ENABLE TIME 


DATA TO LE , N 
HOLD TIME 


J 

v 

OE BYTE 0-3 ' 

(5E 

1 


Figure 7A. Fi 9 ure 7B - 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460A AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460A over the -55°C to +125°C military temperature 
range. All times are In nanoseconds and are measured at the 1.5V 
signal level. The inputs switch between OV and 3V with signal transi- 
tion rates of IV per nanosecond. All outputs have maximum DC load. 
V cc equal to 5.0V ± 10%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT I 

E3S1 

DATA 0-31 

ERROR 

MULT ERROR 

DATA o-3i 

30 

39* 1 ) 

33 

36 

CBo-7 

(CODE ID 00, 11) 

19 

37 

22 

26 

CBo-7 

(CODE ID 10) 

19 

23 

22 

24 

GENERATE 

24 

26 

28 

28 

CORRECT 
(Not Internal 

Control Mode) 

■ 

26 

- 

| 

DIAG MODE 
(Not Internal 

Control Mode) 

20 

29 

23 

27 

CODE ID 0 , 

21 

29 

24 

29 

LEin 

(From latched 
to transparent) 

30 

41(2) 

33 

36 

LEout 

(From latched 
to transparent) 

■ 

15 

- 

- 

LE diag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

18 

32 

22 

25 

Internal Control 
Mode: LEdiag 
(From latched 
to transparent) 

19 

35 

22 

27 

Internal Control 
Mode: DATA 0-31 
(Via Diagnostic 
Latch) 

19 

35 

23 

28 


NOTES: 

1. DATA in to Correct DATA 0U t measurement requires timing as shown in 
Figure 8A below 

2. LE,, to Correct DATA nirr measurement requires timing as shown in 
Figure 8B below. 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATA q-3. 

LE in 

5 

IBHI 

CBq-7 

LE in 

5 

FTTTj 

data 0 _ 31 

LE OUT 

27 

0 

CB 0-7 

(CODE ID 00, 11) 

LEout 

18 

0 

CBo-7 

(CODE ID 10) 

LEout 

18 

0 

CORRECT 

LE out 

14 


DIAG MODE 

LE out 

20 


CODE ID 0 , 

LE out 

20 


LE , N 

LEout 

28 


DATA 0-31 

LE diag 

5 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT 

OUTPUT 

ENABLE 

DISABLE 

uu 

IQg 

mm 


UE BYTE 0 ._3 

DATA 031 

10 

25 

10 

21 


SC 0-7 

10 

27 

10 

22 


MINIMUM PULSE WIDTHS 

1 LEin > LEqut. LE diag 1 


VALID 

INPUT DATA 

DATA | N TO 

CORRECT DATA out 

CORRECT DATA 

OUTPUT 

LEin TRANSPARENT TO 
CORRECT DATA 0 ut 


data 0 '; 31 'o 


^ DATA 0-31 

VALID INPUT DATA ^ 




DATA TO LE , N 

SET-UPTIME 

^ LE in j 



LE,n > 

t 

MIN OUTPUT 
ENABLE TIME 


1 DATA TO 1 F 

1 



HOLD TIME 

s 

i 

s 

_ V 

OE BYTE 0 -3 

OE 

1 


Figure 8A. 


Figure 8B. 























































































































IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Commercial Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460overthe0°Cto +70°Ccommercial temperature range. 
All times are in nanoseconds and are measured at the 1.5V signal 
level. The inputs switch between OV and 3V with signal transition 
rates of IV per nanosecond. All outputs have maximum DC load. V cc 
equal to 5.0V ± 5%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SCo-7 

DATA 0-31 

ERROR 

MULT ERROR 

DATA o-3i 

37 

490) 

40 

45 

CBo-7 

(CODE ID 00, 11) 

22 

46 

26 

31 

CBo-7 

(CODE ID 10) 

22 

30 

26 

29 

GENERATE 

29 

31 

30 

30 

CORRECT 
(Not Internal 

Control Mode) 

■ 

31 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

23 

35 

27 

33 

CODE ID 0 , i 

25 

35 

29 

35 

LEin 

(From latched 
to transparent) 

37 

51< 2 > 

41 

45 

LEoirr 

(From latched 
to transparent) 

■ 

17 

- 

- 

LE diag 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

21 

38 

26 

30 

Internal Control 
Mode; LEdiag 
(From latched 
to transparent) 

22 

42 

26 

33 

Internal Control 
Mode: DATA 0-31 
(Via Diagnostic 
Latch) 

22 

42 

27 

34 


NOTES: 


1 . DATA in to Correct DATAout measurement requires timing as shown in 
Figure 9A below. 

2. LE„, to Correct DATA.,, measurement requires timing as shown in 
Ficjtire 9B below. 0UT 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

DATAq_3i 

IN 

6 

4 

CBo-7 

LE, n 

5 

4 

DATA 0-31 

LE out 

30 

0 

CBo -7 

(CODE ID 00, 11) 

LE out 

20 

0 

CBo -7 

(CODE ID 10) 

LEout 

20 

0 

CORRECT 

LEout 

16 

0 

DIAG MODE 

LEout 

23 

0 

CODE ID 0 . i 

LEout 

23 

0 

LE in 

LE out 

31 

0 

DATA 0-31 

LE diag 

6 
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OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT OUTPUT 

ENABLE 

DISABLE 

■amid 


■on 

h.'ifiVf 

OEBYTEo-3 data 0-31 

10 

27 

10 

23 


10 

28 

10 

24 


MINIMUM PULSE WIDTHS 

| IE in ■ LEqut- LE diag | 12 | 


VALID 

INPUT DATA 

DATA in TO 

CORRECT DATAqut 

CORRECT DATA 

OUTPUT 

LEin TRANSPARENT TO - 
CORRECT DATA out 


DATA 0 - 31 Q 

( MX ) 

( DATA o-3i 

VALID INPUT DATA y 

£ CORRECT DATA , 

LE,n 

V 

I DATA TO LE , N 

1 SET-UPTIME 

k LE |m j 

/ 

MIN OUTPUT 
ENABLE TIME 

x ' 
f 



I DATA TO LE , N 
! HOLD TIME 



\ 

OE BYTE 0-3 

OF 
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Figure 9A. 


Figure 9B. 



















































































































IDT49C4S0/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C460 AC ELECTRICAL CHARACTERISTICS 

(Guaranteed Military Range Performance) 

The tables below specify the guaranteed performance of the 
IDT49C460 overthe -55°Cto + 125°C military temperature range. 
All times are in nanoseconds and are measured at the 1.5V signal 
level. The inputs switch between OV and 3V with signal transition 
rates of IV per nanosecond. All outputs have maximum DC load. V cc 
equal to 5.0V ± 10%. 


COMBINATIONAL PROPAGATION DELAYS 

C L = 50pF 


FROM INPUT 

TO OUTPUT 

SC0-7 

DATA 0-31 

ERROR 

MULT ERROR 

DATA 0-31 

40 

52(1) 

44 

48 

CBo-7 

(CODE ID 00, 11) 

25 

49 

29 

34 

CBo-7 

(CODE ID 10) 

25 

33 

29 

32 

GENERATE 

32 

34 

33 

33 

CORRECT 
(Not Internal 

Control Mode) 

■ 

34 

- 

- 

DIAG MODE 
(Not Internal 

Control Mode) 

26 

38 

30 

36 

CODE ID 0 ! 

28 

38 

32 

38 

LEin 

(From latched 
to transparent) 

40 

54< 2 > 

44 

48 

LE 0 ut 

(From latched 
to transparent) 

■ 

20 

- 

- 

LE DIAG 

(From latched to 
transparent; Not 
Internal Control 
Mode) 

24 

42 

29 

33 

Internal Control 
Mode: LEdiag 
(From latched 
to transparent) 

25 

47 

29 

36 

Internal Control 
Mode: DATA 0-31 
(Via Diagnostic 
Latch) 

25 

47 

30 

37 


NOTES: 

1. DATAim to Correct DATAout measurement requires timing as shown in 
Figure 10A below. 

2. LE.., to Correct DATA.. _ measurement requires timing as shown in 
Ficjtlre 10B below. 0UT 


SET-UP AND HOLD TIMES 
RELATIVE TO LATCH ENABLES 


FROM INPUT 

TO 

(LATCHING 

UP DATA) 

SET-UP 

TIME 

HOLD 

TIME 

data 0 _ 31 

in 

6 

4 

CBq-7 

LEin 

5 

4 

data 0 _ 31 

LEout 

36 

0 

CB 0-7 

(CODE ID 00. 11) 

LEout 

24 

0 

CBo-7 

(CODE ID 10) 

LEout 

24 

0 

CORRECT 

LEout 

20 
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DIAG MODE 

LEout 

28 

0 

CODE ID 0- 1 

LEout 

28 

0 

LEin 

LEout 

37 

0 

DATA 0-31 

LE DIAG 

6 

3 


OUTPUT ENABLE/DISABLE TIMES 

Output disable tests performed with C L = 5pF and measured to 
0.5V change of output voltage level. 


INPUT OUTPUT 

ENABLE i 

DISABLE I 



HU 


OE BYTE 0-3 DATA 0-31 

10 

29 

10 

25 

OE sc SC 0 -7 

10 

30 

10 

26 


MINIMUM PULSE WIDTHS 

1 LE| N , le out , LE D | AG 


VALID 

INPUT DATA 

. DATA | N TO 

CORRECT DATA out 

CORRECT DATA 

OUTPUT 

LEin TRANSPARENT TO 
CORRECT DATA out. 


D ' A JAo-31.0 


( DATA 0-31 

VALID INPUT DATA ^ 




| DATA TO LE , N 

SET-UPTIME 

k ‘ LE '» / 



LE,n > 

f 

MIN OUTPUT 
ENABLE TIME 


I DATA TO LE , N 
HOLD TIME 




OE BYTE 0-3 

OE 

\ 


Figure 10A. Figure 10B. 
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IDT49C460/A/B 32-BIT CMOS 

ERROR DETECTION AND CORRECTION UNIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


INPUT/OUTPUT INTERFACE CIRCUIT 



Figure 11. Input Structure (All Inputs) 


Vcc 



TEST LOAD CIRCUIT 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

IV/ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 3 


Test 

Switch 

Open Drain 
Disable Low 
Enable Low 

Closed 

Ail other outputs 

Open 


Definitions: 

C L = Load capacitance includes jig and probe capacitance. 

R T = Termination should be equal to Z 0UT of pulse generator. 


ORDERING INFORMATION 


IDT 


49C460 


X 


Device Type Speed 


Tempe 

Rar 

rature 

ge 




BLANK 

B 


XC 

L 

XL 

G 

J 

PG 

Blank 

A 

B 

49C460 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 

Compliant to MIL-STD-883, Class B 

SHRINK-DIP Sidebraze (70 mil centers) 
Leadiess Chip Carrier (50 mil centers) 
Leadless Chip Carrier (25 mil centers) 
Pin Grid Array 
Plastic Leaded Chip Carrier 
Plastic Pin Grid Array 

Standard Speed 

High-Speed 

Ultra-High-Speed 

32-Bit E.D.C. 
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REDUCED INSTRUCTION SET COMPUTER (RISC) PROCESSORS 


The broadening scope and increasing complexity of modern 
computer applications demand computer architectures that 
deliver high performance across a wide range of applications, at 
increasingly lower cost. This need is most effectively addressed by 
a new computer architecture known as Reduced Instruction Set 
Computer (RISC). Over ten years ago, researchers at IBM 
discovered that, although microprocessors and their instruction 
sets (Complex Instruction Set Computers, or CISC) were growing 
more complex, high-level language compilers such as Pascal, 
FORTRAN and C actually used only a fraction of those instructions. 
Further research at IBM, Stanford University and University of 
California, Berkeley led to the development of the RISC 
architecture. 

Unlike traditional CISC processors that force increased circuit 
complexity to improve performance, a RISC processor has a very 


small instruction set that performs basic functions. With fewer in- 
structions, RISC processors use little or no microcode, eliminating 
the need for translation between machine instructions and 
microcode to deliver higher system performance. The machine 
instructions performed in a CISC processor’s hardware are, 
instead, handled by software functions in a RISC processor. 

The IDT79R2000 family of RISC processors, including the 
IDT79R2000 Central Processing Unit (CPU), IDT79R2010 Float- 
ing-Point Unit (FPU) and IDT79R2020 Write Buffers, was devel- 
oped at MIPS Computer Systems, founded by researchers from 
Stanford University. The IDT79R2000 family offers a path to signifi- 
cant improvements in system performance without the increas- 
ingly complex circuitry used to improve the performance of CISC 
processors. 


TABLE OF CONTENTS 
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Reduced Instruction Set Computer (RISC) Processors 

IDT79R2000 RISC CPU PROCESSOR 9-1 

IDT79R2010 RISC Floating-Point Accelerator (FPA) 9-10 

IDT79R2020 RISC CPU Write Buffer 9-15 




FEATURES: 

• Full 32-bit Operation— Thirty-two 32-bit registers and all 
instructions and addresses are 32-bit 

• Efficient Pipelining -The CPU's 5-stage pipeline design 
assists in obtaining an execution rate approaching one 
instruction per cycle. Pipeline stalls and exceptions are 
handled precisely and efficiently 

• On-Chip Cache Control— The IDT79R2000 provides a high 
bandwidth memory interface that handles separate external 
Instruction and Data Caches ranging in size from 4 to 64 
Kbytes each. Both the caches are accessed during a single 
CPU cycle. All cache control is on-chip 

• On-Chip Memory Management Unit— A fully-associative, 64 
entry Transition Lookaside Buffer (TLB) provides fast address 
translation for virtual-to-physical memory mapping of the 4 
Gigabyte virtual address space 

• Coprocessor Interface— The IDT79R2000 generates all 
addresses and handles memory interface control for up to 
three additional tightly coupled external processors 

• Optimizing Compilers are available for C, Fortran, Pascal 


• UNIX ™ System V.3 and BSD 4.3 operating systems 
supported 

• High-speed CEMOS ™ technology 

• Pin, functionally and software compatible with the MIPS 
Computer Systems R2000 RISC CPU 

• 20-25MHz clock rate yields 12 to 15 MIPS sustained 
throughput 

• Military product compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT79R2000 processor consists of two tightly-coupled 
processors implemented on a single chip. The first processor is a 
full 32-bit CPU incorporating RISC (Reduced Instruction Set Com- 
puter) techniques to achieve a new standard of microprocessor 
performance. The second processor is a system control coproces- 
sor (CPO), containing a TLB (Translation Lookaside Buffer) and 
control registers to support a virtual memory subsystem with a 
dual-cache bandwidth of up to 133 Mbytes/second. Figure 1 
shows the functions incorporated within the IDT79R2000. 



R2000 Processor 

Control ( 


(System Control Coprocessor) 


Master Pipeline / Bus Control 


General Registers 
(32x32) 


Exception / Control 


Local 


Memory 
Management 
Unit Reigsters 


Shifter 


Control 


Multiplier/Divider 


Translation 
Lookaside 
Buffer 
(64 entries) 


Address Adder 


PC Increment/Mux 


Virtual Page Number/Virtual 


Address 


TAG (20+4) 


Data (32+4) 


ADDRESS (16) 
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IDT79R2000 CPU Registers 

The IDT79R2000 CPU provides 32 general purpose 32-bit regis- 
ters, a 32-bit Program Counter, and two 32-bit registers that hold 
the results of Integer multiply and divide operations. The CPU 
registers are shown in Figure 2. Note that there is no Program 


Status Word (PSW) register shown in this figure: the functions tra- 
ditionally provided by a PSW register instead provided in the 
Status and Cause registers incorporated within the System Control 
Coprocessor (CPO). 


General Purpose Registers 


— 0 Multiply / Divide Registers 

0 31 0 


rl 

HI 


r2 

1 : 31 . 

0 

• 

: : LO 


• 

• 

• 

r29 

Program Counter 

0 

r30 

PC 



r31 


Figure 2. IDT79R2000 CPU Registers 


Instruction Set Overview simplifies instruction decoding. More complicated (and less fre- 

All IDT79R2000 instructions are 32 bits long and there are only quently used) operations and addressing modes can be synthe- 

three instruction formats as shown in Figure 3. This approach sized by the compiler using sequences of simple instructions. 


i-T 

ype (Immediate) 

31 26 25 21 20 16 15 


: 0 


op 

rs 

rt 

immediate 

11 

type (Jump) 

31 26 25 




0 


op 


target 



R- 

-Type (Register) 

31 26 25 21 20 16 15 1110 6 5 0 


OP 

rs 

rt 

rd 

re 

funct 


Figure 3. IDT79R2000 Instruction Formats 


The IDT79R2000 instruction set can be divided into the follow- 
ing groups: 

• Load/Store instructions move data between memory^and gen- 
eral registers. They are all l-type instructions, sincEshe only 
addressing mode supported is base register plus 16-bit, signed 
immediate offset. 

• Computational instructions perform arithmetic, logical and 
shift operations on values in registers. They occur in both R-type 
(both operands and the result are registers) and l-type (one 
operand is a 16-bit immediate) formats. 

• Jump and Branch instructions change the control flow of a 
program. Jumps are always to a paged absolute address 
formed by combining a 26-bit target with four bits of the Program 
counter (J-type format, for subroutine calls), or 32-bit register 
byte addresses (R-type, for returns and dispatches). Branches 


have 16-bit offsets relative to the program counter (l-type). 
Jump and Link instructions save a return address in Register31. 

• Coprocessor instructions perform operations in the coproces- 
sors. Coprocessor Loads and Stores are l-type. Coprocessor 
computational instructions have coprocessor-dependent for- 
mats (see coprocessor manuals). 

• Coprocessor 0 instructions perform operations on the System 
Control Coprocessor (CPO) registers to manipulate the memory 
management and exception handling facilities of the processor. 

• Special instructions perform a variety of tasks, including move- 
ment of data between special and general registers, system 
calls, and breakpoint. They are always R-type. 

Table 1 lists the instruction set of the IDT79R2000 processor. 
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OP 

DESCRIPTION 

OP 

DESCRIPTION 


Load/Store Instructions 


Multiply/Divide Instructions 

LB 

Load Byte 

MULT 

Multiply 

LBU 

Load Byte Unsigned 

MULTU 

Multiply Unsigned 

LH 

Load Halfword 

DIV 

Divide 

LHU 

Load Halfword Unsigned 

DIVU 

Divide Unsigned 

LW 

Load Word 

MFHI 

Move From HI 

LWL 

Load Word Left 

MTHI 

Move To HI 

LWR 

Load Word Right 

MFLO 

Move From LO 

SB 

Store Byte 

MTLO 

Move To LO 

SH 

Store Halfword 






Jump and Branch Instructions 

SW 

Store Word 



SWL 

Store Word Left 

J 

Jump 

SWR 

Store Word Right 

JAL 

Jump and Link 



JR 

Jump to Register 


Arithmetic Instructions 

JALR 

Jump and Link Register 


(ALU Immediate) 

BEQ 

Branch on Equal 

ADDI 

Add Immediate 

BNE 

Branch on Not Equal 

ADDIU 

Add Immediate Unsigned 

BLEZ 

Branch on Less than or Equal to Zero 

SLTI 

Set on Less Than Immediate 

BGTZ 

Branch on Greater Than Zero 

SLTIU 

Set on Less Than Immediate 

BLTZ 

Branch on Less Than Zero 


Unsigned 

BGEZ 

Branch on Greater than or 

ANDI 

AND Immediate 


Equal to Zero 

ORI 

OR Immediate 

BLTZAL 

Branch on Less Than Zero and Link 

XORI 

Exclusive OR Immediate 

BGEZAL 

Branch on Greater than or Equal to 




Zero and Link 

LUI 

Load Upper Immediate 






Special Instructions 


Arithmetic Instructions 

SYSCALL 

System Call 


(3-operand, register-type) 

BREAK 

Break 

ADD 

Add 



ADDU 

Add Unsigned 


Coprocessor Instructions 



LWCz 

Load Word from Coprocessor 



SWCz 

Store Word to Coprocessor 

SUBU 

Subtract Unsigned 





MTCz 

Move To Coprocessor 

SLT 

Set on Less Than 

MFCz 

Move From Coprocessor 

SLTU 

Set on Less Than Unsigned 

CTCz 

Move Control to Coprocessor 

AND 

AND 

CFCz 

Move Control From Coprocessor 

OR 

OR 

COPz 

Coprocessor Operation 

XOR 

Exclusive OR 

BCzT 

Branch on Coprocessor z True 

NOR 

NOR 

BCzF 

Branch on Coprocessor z False 


Shift Instructions 


System Control Coprocessor 

SLL 

Shift Left Logical 


(CPO) Instructions f 

SRL 

Shift Right Logical 

MTCO 

Move To CPO 

SRA 

Shift Right Arithmetic 

MFCO 

Move From CPO 

SLLV 

Shift Left Logical Variable 

TLBR 

Read indexed TLB entry 

SRLV 

Shift Right Logical Variable 

TLBWI 

Write Indexed TLB entry 

SRAV 

Shift Right Arithmetic Variable 

TLBWR 

Write Random TLB entry 



TLBP 

Probe TLB for matching entry 



RFE 

Restore From Exception 


Table 1. IDT79R2000 Instruction Summary 
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IDT79R2000 System Control Coprocessor (CPO) 

The IDT79R2000 can operate with up to four tightly-coupled 
coprocessors (designated CPO through CP3). The System Control 
Coprocessor (or CPO), is incorporated on the IDT79R2000 chip 


and supports the virtual memory system and exception handling 
functions of the IDT79R2000. The virtual memory system is imple- 
mented using a Translation Lookaside Buffer and a group of pro- 
grammable registers as shown in Figure 4. 


CPO Registers 

Memory Management & Exception Handling 


63 


EntryHi 

EntryLo f 

Register 

Register | 

• ■ 1 


TLB 

(Translation 

Lookaside 

Buffer) 


Used with Virtual Memory 
System. See Chapter 4 
for details. 


Status 
f Register 


Index 

| 

Context ] 

Register 

j 

Register i 



Random 

J 

BadVA 1 

Register 


Register :j 



Used with Exception 
Processing. See 
Chapter 5 for details. 


Figure 4. The CPO Registers 


System Control Coprocessor (CPO) Registers 

The CPO registers shown in Figure 4 are used to manipulate the 
memory management and exception handling capabilities Of the 
IDT79R2000. Table 2 provides a brief description of each register. 


REGISTER 

DESCRIPTION 

EntryHi 

High half of a TLB entry 

EntryLo 

Low half of a TLB entry 

Index 

Programmable pointer into TLB array 

Random 

Pseudo-random pointer into TLB array 

Status 

Mode, interrupt enables, and diagnostic status info 

Cause 

Indicates nature of last exception 

EPC 

Exception Program Counter 

Context 

Pointer into kernel's virtual Page Table Entry array 

BadVA 

Most recent bad virtual address 

PRId 

Processor revision identification 


Table 2. System Control Coprocessor (CPO) Registers 


Memory Management System 

The IDT79R2000 has an addressing range of 4 Gbytes. How- 
ever, since most IDT79R2000 systems implement a physical mem- 
ory smaller than 4 Gbytes, the IDT79R2000 provides for the logical 
expansion of memory space by translating addresses composed 
in a large virtual address space into available physical memory 
addresses. The 4 GByte address space is divided into 2 Gbytes 
for users and 2 GBytes for the kernel. 

The TLB (Translation Lookaside Buffer) 

Virtual memory mapping is assisted by the Translation 
Lookaside Buffer (TLB). The on-chip TLB provides very fast virtual 
memory access and is well-matched to the requirements of multi- 
tasking operating systems. The fully-associative TLB contains 
64 entries, each of which maps a 4-Kbyte page, with controls for 
read/write access, cacheability, and process identification. The 
TLB allows each user to access up to 2 Gbytes of virtual address 
space. 

IDT79R2000 Operating Modes 

The IDT79R2000 has two operating modes: User mode and Ker- 
nel mode. The IDT79R2000 normally operates in the User mode 
until an exception is detected forcing it into the Kernel mode. It 
remains in the Kernel mode until a Restore From Exception (RFE) 
instruction is executed. The manner in which memory addresses 
are translated or mapped depends on the operating mode of 
the 1DT79R2000. Figure 5 shows the virtual address space for the 
two operating modes. 
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Kernel Mode 
Virtual Address 
Space 




Oxffffffff 





OxcOOOOOOO 

1 GB 
Mapped 

kseg2 


User Mode 

OxaOOOOOOO 

0.5 GB 
Unmapped 

ksegl 

Virtual Address 
Space ;■ 

0x80000000 

0.5 GB 
Unmapped 

ksegO 

0x7ffffff! 


0x7fffffff 



kuseg 

0 

2 GB 
Mapped 

0 

2 GB 
Mapped 

kuseg 





Figure 5. IDT79R2000 Virtual Addressing 


User Mode— in this mode, a single, uniform virtual address 
space (kuseg) of 2 Gbyte is available. Each virtual address is ex- 
tended with a 6-bit process identifier field to form unique virtual ad- 
dresses for up to 64 user processes. All references to this segment 
are mapped through the TLB. Use of the cache is determined by bit 
settings for each page within the TLB entries. 

Kernel Mode— four separate segments are defined in this 
mode: 

• kuseg — when in the kernel mode, references to this segment 
are treated just like user mode references, thus streamlining ker- 
nel access to user data. 

• ksegO — references to this 512 Mbyte segment use cache mem- 
ory but are not mapped through the TLB. Instead, they always 
map to the first 0.5 GBytes of physical memory. 

• ksegl —references to this 512 Mbyte segment are not mapped 
through the TLB and do not use the cache. Instead, they are 
hard-mapped into the same 0.5 GByte segment of physical 
memory space as ksegO. 


• kseg2 -references to this 1 Gbyte segment are always mapped 
through the TLB and use of the cache is determined by bit set- 
tings within the TLB entries. 

IDT79R2000 Pipeline Architecture 

The execution of a single IDT79R2000 instruction consists of 
five primary steps: 

1) IF — Fetch the instruction (1-Cache). 

2) RD — Read any required operands from CPU registers 

while decoding the instruction. 

3) ALU — Perform the required operation on instruction 

operands. 

4) MEM — Access memory (D-Cache). 

5) WB — Write back results to register file. 

Each of these steps requires approximately one CPU cycle as 
shown in Figure 6 (parts of some operations lap over into another 
cycle while other operations require only 1/2 cycle). 


Instruc 

IF | RD 

>tion Ext 

ALU 

Bcution 

MEM 

WB 

^ l-Cache rf 

OP 

D-CACHE 

WB 

i 

v > 

one cycle 




Figure 6. Instruction Execution Sequence 


The IDT79R2000 uses a 5-stage pipeline to achieve an in- 
struction execution rate approaching one instruction per CPU 


cycle. Thus, execution of five instructions at a time are overlapped 
as shown in Figure 7. 
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Figure 7. IDT79R2000 Instruction Pipeline 


of RISC techniques including a compact and uniform instruction 
set, a deep instruction pipeline (as described above), and utiliza- 
tion of optimizing compilers. Many of the advantages obtained 
from these techniques can, however, be negated by an in 
efficient memory system. 

Figure 8 illustrates memory in a simple microprocessor system. 
In this system, the CPU outputs addresses to memory and reads 
instructions and data from memory or writes data to memory. The 
memory space is completely undifferentiated: instructions, data, 
and I/O devices are all treated the same. In such a system, a pri- 
mary limiting performance factor is memory bandwidth. 



Figure 8. A Simple Microprocessor Memory System 


This pipeline operates efficiently because different CPU re- 
sources (address and data bus accesses, ALU operations, register 
accesses, and so on) are utilized on a non-interfering basis. 
Memory System Hierarchy 
The high performance capabilities of the IDT79R2000 proces- 
sor demand system configurations incorporating techniques fre- 
quently employed in large, mainframe computers but seldom en- 
countered in systems based on more traditional microprocessors. 

A primary goal of systems employing RISC techniques is to 
achieve an instruction execution rate of one instruction per CPU 
cycle. This approach to achieving this goal incorporates a number 


Figure 9 illustrates a memory system that supports the signifi- 
cantly greater memory bandwidth required to take full advan- 
tage of the IDT79R2000’s performance capabilities. The key fea- 
tures of this system are: 

• External Cache Memory— Local, high-speed memory (called 
cache memory) is used to hold instructions and data that is re- 
petitively accessed by the CPU (for example, within a program 
loop) and thus reduces the number of references that must be 
made to the slower speed main memory. Some microproces- 
sors provide a limited amount of cache memory on the CPU 
chip itself. The external caches supported by the IDT79R2000 
can be much larger; while a small cache can improve perform- 
ance of some programs, significant improvements for a wide 
range of programs require large caches. 


• Separate Caches for data and Instructions— Even with high- 
speed caches, memory speed can still be a limiting factor be- 
cause of the fast cycle time of a high-performance microproces- 
sor. The IDT79R2000 supports separate caches for instructions 
and data and alternates accesses of the two caches during each 
CPU cycle. Thus, the processor can obtain data and instruc- 
tions at the cycle rate of the CPU using caches constructed with 
commercially available IDT static RAM devices. 

• Write Buffer— in order to ensure data consistency, all data that 
is written to the data cache must also be written out to main 
memory. To relieve the CPU of this responsibility (and the inher- 
ent performance burden) the IDT79R2000 supports an interface 
to a write buffer. The IDT79R2020 Write Buffer captures data 
(and associated addresses) output by the CPU and ensures that 
the data is passed on to main memory. 
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Figure 9. An IDT79R2000 System with a High-Performance Memory System 


IDT79R2000 Processor Subsystem Interfaces 

Figure 10 illustrates the three subsystem interfaces provided by 
the IDT79R2000 processor: 

• Cache control interface (on-chip) for separate data and instruc- 
tion caches permits implementation of off-chip caches using 
standard IDT SRAM devices. 


• Coprocessor interface for tightly-coupled coprocessors such 
as a floating point accelerator. The IDT79R2000 generates all re- 
quired cache and memory control signals including cache and 
memory addresses for attached coprocessors. Therefore, only 
the data bus and a few control signals need be connected to a 
coprocessor. 


• Memory controller interface for system (main) memory. This 
interface also includes the logic and signals to allow operation 
with a write buffer to further improve memory bandwidth. 
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FEATURES: 


DESCRIPTION: 


• Hardware Support of Single- and Double-Precision Operations: 

— Floating-Point Add 

— Floating-Point Subtract 

— Floating-Point Multiply 

— Floating-Point Divide 

— Floating-Point Comparisons 

— Floating-Point Conversions 

• Peak Speed: 20-25 mips (loads, stores and moves) 

• Peak Speed: 10-12 MFLOPS (single- or double-precision) 

• Cycle Time: 40-50ns (20-25MHz) 

• Direct, High-Speed Interface to IDT79R2000 Processor 

• Supports Full Conformance With IEEE 754-1985 Floating-Point 
Specification 

• Floating-Point Registers: Sixteen 64-bit registers 

• High-speed CEMOS ™ technology 

• Pin, functionally and software compatible with the MIPS Com- 
puter Systems R2010 RISC FPA 

• Military product compliant to MIL-STD-883, Class B 


The IDT79R2010 Floating-Point Accelerator (FPA) operates in 
conjunction with the IDT79R2000 Processor and extends the 
IDT79R2000’s instruction set to perform arithmetic operations on 
values in floating-point representations. The IDT79R2010 FPA, 
with associated system software, fully conforms to the require- 
ments of ANSI/IEEE Standard 754-1985, “IEEE Standard for Bi- 
nary Floating-Point Arithmetic.” In addition, the architecture fully 
supports the standard’s recommendations. 

• Full 64-blt Operation - The IDT79R2010 contains sixteen, 
64-bit registers that can each be used to hold single-precision 
or double-precision values. The FPA also includes a 32-bit 
status/control register that provides access to all IEEE-Stan- 
dard exception handling capabilities. 

• Load/Store instruction set - like the IDT79R2000 processor, 
the IDT79R2010 uses a load/store-oriented instruction set, with 
single-cycle loads and stores. Floating-point operations are 
started in a single cycle and their execution is overlapped with 
other fixed point or floating-point operations. 

• Tightly-coupled coprocessor interface - the FPA connects 
to the IDT79R2000 RISC processor to form a tightly-coupled 
unit with a seamless integration of floating point and fixed point 
instruction sets. Since each unit receives and executes instruc- 
tions in parallel, some floating point instructions can execute at 
the same single-cycle per instruction rate as fixed point 
instructions. 



Figure 1 IDT79R2010 Functional Block Diagram 
CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 MIPS Computer Systems, Inc. All Rights Reserved. 
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IDT79R2010 FPA REGISTERS ters, a Control/Status register, and a Revision Identification regis- 

-T-L- .. „„ , __ . .. ter. The FPA registers are shown in Figure 2. 

The IDT79R2010 FPA provides 32 general purpose 32-bitregis- 
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Figure 2 IDT79R2010 FPA Registers 


Floating-point coprocessor operations reference three types of 
registers: 

• Floating-Point Control Registers (FCR) 

• Floating-Point General Registers (FGR) 

• Floating-Point Registers (FPR). 

Floating-Point General Registers (FGR) 

There are 32 Floating-Point General Registers (FGR) on the 
FPA. They represent directly-addressable 32-bit registers, and 
can be accessed by Load, Store, or Move Operations. 

Floating-Point Registers (FPR) 

The 32 FGRs described in the preceding paragraph are also 
used to form sixteen 64-bit Floating-Point Registers (FPR). Pairs 
of general registers (FGRs), for example FGRO and FGR1 (refer to 
Figure 2) are physically combined to form a single 64-bit FPR. The 
FPRs hold a value in either single- or double-precision floating- 
point format. Double-precision format FPRs are formed from two 
adjacent FGRs. 

Floating-Point Control Registers (FCR) 

There are 2 Floating-Point Control Registers (FCR) on the FPA. 
They can be accessed only by Move operations and include the 
following: 

• Control/Status register, used to control and monitor exceptions, 
operating modes, and rounding modes; 

• Revision register, containing revision information about the 

FPA. i 

/ 

COPROCESSOR OPERATION 

The FPA continually monitors the IDT79R2000 processor in- 
struction stream. If an instruction does not apply to the coproces- 
sor, it is ignored; if an instruction does apply to the coprocessor, 
the FPA executes that instruction and transfers necessary result 
and exception data synchronously to the IDT79R2000 main 
processor. 

The FPA performs three types of operations: 

• Loads and Stores; 


• Moves; 

• Two- and three-register floating-point operations. 

Load, Store, and Move Operations 

Load, Store, and Move operations move data between memory 
or the IDT79R2000 Processor registers and the IDT79R2010 FPA 
registers. These operations perform no format conversions and 
cause no floating-point exceptions. Load, Store, and Move opera- 
tions reference a single 32-bit word of either the Floating-Point 
General Registers (FGR) or the Floating-Point Control Registers 
(FCR). 

Floating-Point Operations 

The FPA supports the following single- and double-precision 
format floating-point operations: 

• Add 

• Subtract 

• Multiply 

• Divide 

• Absolute Value 

• Move 

• Negate 

• Compare 

In addition, the FPA supports conversions between single-, 
double-precision floating-point formats and fixed-point formats. 

Exceptions 

The IDT79R2010 FPA supports all five IEEE standard 
exceptions: 

• Invalid Operation 

• Inexact Operation 

• Division by Zero 

• Overflow 

• Underflow 

The FPA also supports the optional, Unimplemented Operation 
exception that allows unimplemented instructions to trap to soft- 
ware emulation routines. 
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INSTRUCTION SET OVERVIEW 

All IDT79R2010 instnjctions are 32 bits long and they can be di- 
vided into the following groups: 

• Load/Store and Move instructions move data between mem- 
ory, the main processor and the FPA general registers. 

• Computational instructions perform arithmetic operations on 
floating point values in the FPA registers. 


• Conversion instructions perform conversion operations be- 
tween the various data formats. 

• Compare instructions perform comparisons of the contents of 
registers and set a condition bit based on the results. 

Table 1 lists the instruction set of the IDT79R2010 FPA. 


tipiSPlii 

Description 

OP 

Description 

LWC1 

SWC1 

MTC1 

MFC1 

CTC1 

CFC1 

CVT.S.fmt 

CVT.D.fmt 

CVT.W.fmt 

Load/Store/Move Instructions 

Load Word to FPA 

Store Word from FPA 

Move word To FPA 

Move word From FPA 

Move Control word To FPA 

Move Control word From FPA 

Conversion Instructions 

Floating-point Convert to Single FP 
Floating-point Convert to Double FP 
Floating-point Convert to fixed-point 

ADD.fmt 

SUB.fmt 

MUL.fmt 

DIV.fmt 

ABS.fmt 

MOV.fmt 

NEG.fmt 

C.cond.fmt 

Computational Instructions 

Floating-point Add 

Floating-point Subtract 
Floating-point Multiply 
Floating-point Divide 
Floating-point Absolute value 
Floating-point Move 

Floating-point Negate 

Compare Instructions 

Floating-point Compare 


Table 1 IDT79R2010 Instruction Summary 

1 of this pipe stage and the FPA decodes the data on the bus 
to determine if it is an instruction for the FPA. 

3) ALU - If the instruction is an FPA instruction, instruction exe- 
cution commences during this pipe stage. 

4) MEM— If this is a coprocessor load or store instruction, the 
FPA presents or captures the data during phase 2 of this pipe 
stage. 

5) WB-The FPA uses this pipe stage solely to deal with 
exceptions. 

6) FWB —The FPA uses this stage to write back ALU results to 
its register file. This stage is the equivalent of the WB stage in 
the IDT79R2000 main processor. 

Each of these steps requires approximately one FPA cycle as 
shown in Figure 6 (parts of some operations spill over into another 
cycle while other operations require only 1/2 cycle). 


In 

IF | RD 

structioi 

ALU 

i Execi 

MEM 

tion - 

WB 

FWB 


l-Cache RF 

OP 

D-Cache 

exceptions 


I 

\ — v — 
one cycle 





Figure 6 Instruction Execution Sequence 

The IDT79R2010 uses a 6-stage pipeline to achieve an instruc- Thus, execution of six instructions at a time are overlapped as 

tion execution rate approaching one instruction per FPA cycle. shown in Figure 7. 


IDT79R2010 PIPELINE ARCHITECTURE 

The IDT79R2010 FPA provides an instruction pipeline that par- 
allels that of the IDT79R2000 processor. The FPA, however, has a 
6-stage pipeline instead of the 5-stage pipeline of the 
IDT79R2000: the additional FPA pipe stage is used to provide effi- 
cient coordination of exception responses between the FPA and 
main processor. 

The execution of a single IDT79R2010 instruction consists of six 
primary steps: 

1) IF - Instruction Fetch. The main processor calculates the in- 
struction address required to read an instruction from the i- 
Cache. No action is required of the FPA during this pipe 
stage since the main processor is responsible for address 
generation. 

2) RD— The instruction is present on the data bus during phase 
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Figure 7 IDT79R2010 Instruction Pipeline 


This pipeline operates efficiently because different FPA re- 
sources (address and data bus accesses, ALU operations, register 
accesses, and so on) are utilized on a non-interfering basis. 
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RISC CPU 

ADVANCE 

WRITE BUFFER 

INFORMATION 

IDT79R2020 


FEATURES 

• Temporary storage buffers to enhance the performance of the 
IDT79R2000 RISC CPU processor 

• Allows for write operations by the RISC CUP processor during 
Run cycles 

• Each Write Buffer has four locations to handle an 8-bit address 
slice and a 9-bit data slice (including a parity bit) 

• High-speed CEMOS™ technology 

• Pin, functionally and software compatible with the MIPS Com- 
puter Systems R2020 Write Buffer 

• Used in a 20-25MHz IDT79R2000 system configuration 

• Military product complaint to MIL-STD-883, Class B 


DESCRIPTION 

The IDT79R2020 Write Buffer enhances the performance of 
IDT79R2000 systems by allowing the processor to perform write 
operations during Run cycles instead of resorting to time- 
consuming stall cycles. Each IDT79R2020 device handles an 8-bit 
slice of address, and a 9-bit slice of data (one parity bit per byte); 
thus, four IDT79R2020s provide 4-deep buffering of 32 bits of ad- 
dress and 36 bits of data and parity. Figure 1 illustrates the func- 
tional position of the Write Buffer in an IDT79R2000 system. 

Whenever the processor performs a write operation, the write 
buffer captures the output data and its address (including the ac- 
cess type bits). The write buffer can hold up to four data-address 
sets while it waits to pass the data on to main memory. Transfers 
from the processor to the write buffers occur synchronously at the 
cycle rate of the processor and the write buffer signals the proces- 
sor if it is unable to accept data. The write buffer also provides a set 
of handshake signals to communicate with a main memory con- 
troller and coordinate the transfer of write data to main memory. 

The sections that follow describe these IDT79R2020 Write 
Buffer interfaces: 

• the processor-write buffer interface 

• the write buffer-main memory interface 

• a miscellaneous, write buffer-board control interface. 





Figure 1. The IDT79R2020 Write Buffer in an IDT79R2000 System. 


CEMOS is atrademark of Integrated Device Technology. Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 MIPS Computer Systems, Inc. AH Rights Reserved. 
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WRITE BUFFER - IDT79R2000 PROCESSOR 
INTERFACE 

Figure 2 shows the signals comprising the write buffer interface 
to the IDT79R2000 (all descriptions in this appendix assume that 
four IDT79R2020 write buffers are used to implement a 32-bit, buff- 
ered interface). The AdrLo bus and Tag bus bits from the proces- 


sor are both connected to the write buffer to form a 32-bit physical 
address that is captured by the buffers. Thirty-two bits of data, four 
bits of parity, and two access type bits are also captured by the 
write buffer. The paragraphs that follow describe the write buffer- 
processor interface signals and the timing of processor-to-write 
buffer data transfers. 



Figure 2. Write Buffer-IDT79R2000 Processor Interface. 


Write Buffer-Processor Interface Signals 
Clock 

An inverted version of the IDT79R2000’s SysOut* signal from 
the IDT79R2000 processor that synchronizes data transfers. The 
write buffer uses the trailing edge of Clock to latch the contents of 
the AdrLo bus and uses the leading Clock edge to latch the con- 
tents of the Data and Tag buses. 

Dataln8:0 

Nine input data lines from the 1DT79R2000 processor’s Data bus 
(eight bits of data and one bit of parity). 

Addrln7:0 

Eight input address lines from the IDT79R2000 processor. The 
address lines are taken from the AdrLo and Tag buses. 

Address'! :0 

The two least significant address bits from the IDT79R2000 
processor. These two address bits must be connected to all four 
write buffers and are used in conjunction with the access type (Ac- 
cTypV.O) signals, the Position1:0 signals, and the BigEndian signal 
to determine which byte(s) in a word are being written into a par- 
ticular write buffer. 

AccTypln1:0 

The access type signals from the IDT79R2000 processor speci- 
fying the size of a data access: word, tri-byte, half-word, or byte. 

WtMem* 

This input is connected to the MemWr* signal from the 
IDT79R2000 processor that is asserted whenever the processor is 
performing a store (write) operation. 

Request* 

The primary purpose of this signal is to request access to mem- 
ory and is described later when the Write Buffer-Main Memory In- 
terface is discussed. The Request* signal can also be connected 
to the CpCondO input of the IDT79R2000 and can then be tested by 


software to determine if there is any data in the write buffer. Since 
Request* is deasserted if there is no data in the write buffer, soft- 
ware can determine if a previous write operation (for example, to an 
I/O device) has been completed before initiating a read or read 
status operation from that device. 

WbFull* 

The write buffer asserts this signal to the IDT79R2000’s 
WrBusy* input whenever it cannot accept any more data; that is, 
when the current write will fill the buffer or the buffer has all ad- 
dress-data pairs occupied. The IDT79R2000 processor performs 
a write-busy stall if it needs to store data while the 
WbFull*/WrBusy* signal is asserted. 

Data & Address Connections 

Figure 3 illustrates how four write buffers are connected to the 
address and data outputs of the IDT79R2000 processor. 

Address Inputs 

Each write buffer device has eight address inputs (Adrln7:0). 
The four low-order bits (Adr!n3:0) are clocked into the device cn 
the trailing edge of the Clock signal and are taken from the 
IDT79R2000’s AdrLo bus. The four high-order bits (Adrln7:4) are 
clocked into the device on the rising edge of the Clock signal and 
are taken from the IDT79R2000’s Tag bus. 

Each device also has separate inputs (Address'! , AddressO) for 
the two low-order bits from the AdrLo bus. These bits must be in- 
put to each device since they comprise the byte pointer. Note in 
Figure 3 that the two low-order Adrln inputs (Adrln1:0) to write 
buffer device 0 are connected to ground since the Address'!, Ad- 
dressO inputs already supply these bits to the device. 

Data Inputs 

Each write buffer device has nine data inputs that are clocked 
into the device on the leading edge of the Clock signal and are 
taken from the IDT79R2000’s Data bus. In Figure 3, each device 
captures eight bits of data and one bit of parity. Also note that the 
data bits assigned to each device correspond to the address bits 
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connected to the device. This arrangement is required since data ties system utilization of the "Read Error Address” feature de- 
selection is dependent on a combination of the AccType signals scribed later in this appendix, 
and the two low order address bits. The arrangement also simpli- 
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Figure 3. Write Buffer Data and Address Line Connections. 


The Positionl and PositionO signals shown in Figure 3 specify 
the nibble position within a halfword that each write buffer device 
comprises. 
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PIN CONFIGURATION 
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LOGIC DEVICES 


IDT’s pioneering in CMOS technology has yielded a family of 
advanced high-speed CMOS logic products. This technology util- 
izes the sub 1 micron and double layer metal processing that 
allows the family to surpass the performance and power 
requirements of the FAST ™ , AS and Am29800 families. 

This family, designated FCT (Fast CMOS TTL-Compatible), 
represents the memory and bus interface devices. These devices 
were designed to allow easy upgrade of existing 54/74F and 
Am29000 series designs to the CMOS equivalent of the bipolar 
logic devices. Key features of this family include: 

• Direct replacement of FAST™ family of products 

• Direct replacement of Am29800 family of products 

• Performance upgrades to 35% over FAST ™ and Am29800 

• Consistent with JEDEC Standard No. 18for54/74FCTXXX logic 

• Output drive to 64mA (commercial) and 48mA (military) 

• Substantially lower input current levels (5 jjA maximum) 

• Excellent ESD and latch-up immunity 


All FCT devices are manufactured and assembled on the MIL- 
STD-883, Class B compliant line. Key features of the military 
products include: 

• Fully compliant to MIL-STD-883, Class B 

• Offer numerous devices to DESC drawings 

• Available in Radiation Tolerant and Enhanced versions 

• Packages include Hermetic DIP, LCC and CERPACK 

Using the same fabrication line and stringent quality require- 
ments acquired from manufacturing military products, a com- 
pletely new line of commercial products are now offered. This has 
resulted in quality levels significantly higher than previous tech- 
nologies. All commercial products are available in dual in-line as 
well as surface mount packages. 

Combined with all the features and inherent advantages of low- 
power supply drain, high input impedance, lower junction 
temperature and the resultant higher reliability, FCT logic devices 
are now the preferred logic family for today’s designers. 
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FAST CMOS 

PRELIMINARY 

OCTAL REGISTERED 

IDT29FCT52A/B 

TRANSCEIVERS 

IDT29FCT53A/B 

(Replaces 


39C52/B and 39C53/B) 


FEATURES: 

• Equivalent to AMD’s Am2952/53 and Fairchild’s 29F52/53 in 
pinout/function 

• IDT29FCT52A/53A equivalent to FAST™ speed; 
IDT29FCT52B/53B 35% faster than FAST ™ 

• Iol = 64mA (commercial) and 48mA (military) 

• Equivalent to FAST ™ output drive over full temperature and 
voltage supply extremes 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 24-pin DIP, SOIC and 28-pin LCC with JED EC stan- 
dard pinout 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT29FCT52 and IDT29FCT53 are 8-bit registered trans- 
ceivers manufactured using advanced CEMOS™, a dual-metal 
CMOS technology. Two 8-bit back-to-back registers store data 
flowing in both directions between two bidirectional buses. Sepa- 
rate clock, clock enable and 3-state output enable signals are pro- 
vided for each register. Both A outputs and B outputs are guaran- 
teed to sink 64mA. 

The IDT29FCT52 is an inverting option of the IDT29FCT53. 


FUNCTIONAL BLOCK DIAGRAM 



ora 

Bo 

Bi 

B 2 

b 3 

b 4 

b 5 

Be 

B/ 


CPB 

era 


CEMOS is a trademark of Integrated Device Technology, Inc. 

FAST is a trademark of Fairchild Semiconductor Company. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT29FCT52A/B/IDT29FCT53A/B FAST 
CMOS OCTAL REGISTERED TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



V cc 

Ar 

A 8 

A 5 

a 4 

A3 

a 2 

Ai 

Ao 

gets: 

CPB 

CEB 


DIP/CERPACK/SOIC 
TOP VIEW 



As 

A 4 

A3 

NC 

A 2 

Ai 

An 


TOP VIEW 


PIN DESCRIPTION 


NAME 

I/O 

DESCRIPTION 

A 0-7 

I/O 

Eight bidirectional lines carrying the A Register 
inputs or B Register outputs. 

B 0-7 

I/O 

Eight bidirectional lines carrying the B Register 
inputs or A Register outputs. 

CPA 

1 

Clock for the A Register. When CEA is LOW, 
data is entered into the A Register on the LOW- 
to-HIGH transition of the CPA signal. 

CEA 

■ 

Clock Enable for the A Register. When CEA is 
LOW, data is entered into the A Register on the 
LOW-to-HIGH transition of the CPA signal. When 
CEA is HIGH, the A Register holds Its contents, 
regardless of CPA signal transitions. 

CEB 

■ 

Output Enable for the A Register. When CEB is 
LOW, the A Register outputs are enabled onto 
theBo -7 lines. When CEB is HIGH, the Bq _7 out- 
puts are in the high impedance state. 

CPB 

1 

Clock for the B Register. When CEB is LOW, 
data is entered into the B Register on the LOW- 
to-HIGH transition of the CPB signal. 

CEB 

1 

Clock Enable for the B Register. When CEB is 
LOW. data is entered into the B Register on the 
LOW-to-HIGH transition of the CPB signal. When 
CEB is HIGH, the B Register holds its contents, 
regardless of CPB signal transitions. 

CEA 

1 

Output Enable for the B Register. When CEA is 
LOW, the B Register outputs are enabled' onto 
the Aq_ 7 lines. When CEA is HIGH, the A 0 _ 7 
outputs are in the high impedance state. 


REGISTER FUNCTION TABLE 
(Applies to A or B Register) 


INPUTS 

INTERNAL 

Q 

FUNCTION 

D 

CP 

CE 

X 

X 

H 

NC 

Hold Data 

L 

t 

L 

L 

Load Data 

H 

t 

L 

H 



OUTPUT CONTROL 


raj 

INTERNAL 

Y-OUTPUTS i 

FUNCTION 

Q 

IDT29FCT52A/B 


n 

X 

Z 

z 

Disable Outputs 

H 

L 

H 

L 

H 

H 

L 

Enable Outputs 
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1DT29FCT52A/B/IDT29FCT53A/B FAST 
CMOS OCTAL REGISTERED TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


MEllisH 

RATING 

COMMERCIAL 

MILITARY 

iron 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

«c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

w 

birr 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c. f = i.omhz) 


|symbol| 

PARAMETER* 1 * 

| conditions| 

ra 

IES3 


iHH 

Input Capacitance 

■sqi 

6 

m 

n 

Ci/o 

I/O Capacitance 

Vein = OV 

8 

El 

El! 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC =V CC - 0.2V 

Commercial: T A = 0°Cto +70°C;V C c = 5.0V±5% 

Military: T A = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP.* 2 * 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 


- 

- 

99 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current (Except I/O pins) 


u 

o< 

o 

- 

- 

5 


«IH 

Vcc = Max. 

V, = 2.7V* 4 * 

- 

- 

5 

pA 


Input LOW Current (Except I/O pins) 

V, = 0.5V* 4 * 

- 

- 

-5 

'iL 


V, = GND 

- 

- 

-5 



Input HIGH Current (I/O pins only) 

| 

V, = Vcc 

- 

- 

Kfl 


■|H 


V, = 2.7V* 4 * 

- 

- 

mm 

pA 

'iL 

Input LOW Current (I/O pins only) 

V, = 0.5V* 4 * 

- 

- 

-15 

I 

V, = GND 

- 

- 



V, K 

Clamp Diode Voltage 

Vcc = Min., I N = -18mA 

- 


-1.2 

V 

Iqs 

Short Circuit Current 

Vcc = Max..* 3 * V 0 = GND 

-60 

-120 

■ - 

mA 

■ ■ 


Vcc = 3V, Vin = V L c or Vue. bn = - 32pA 

HI 

Vcc 

- ' 

mm 

■ 1 

Output HIGH Voltage 

^ BB 

b H = -300pA 

m 

'fcc 

- 



b H = -15mA MIL. 

El 

4.0 

- 




b H = -24mA COM'L. 

El 

4.0 

- 




Vcc - 3V, V| N — V LC or Vhc. bL — 300pA 

- 

GND 



V 0L 

Output LOW Voltage 

V cc = Min. 
v in = V| H or V| L 

bi = 300pA 

- 

GND 

9 

v 

b L = 48mA MIL 

- 

MXM 





b L = 64mA COM’L. 

- 


0.55 


Vh 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 













































































IDT29FCT52A/B/IDT29FCT53A/B FAST 
CMOS OCTAL REGISTERED TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

Vlc = 0.2V; Vhc = Vcc-0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc = Max. 

V CC > V HCi V IN < M.C 
*CP = f| = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V] N = 3.4VP) 



||| 

mA 

■ 

Dynamic Power Supply Current 

Vq C = Max. 

Outputs Open 

OE = GND 

One Input Toggling 

50% Duty Cycle 

Vin > V HC < 4 > 

v IN s v LC 

1 

0.15 

0.25 

m A/M Hz 

h 

Total Power Supply Current <6) 

Vcc = Max. 

Outputs Open 
f C p= 10MHz 

50% Duty Cycle 

GE = GND 

One Bit Toggling 
atf, = 5MHz 

50% Duty Cycle 

V|N & V HC 
v in - v LC 
(FCT) 

■ 

1.5 

4.0 

mA 

Vin = 3.4V 
or 

V| N = GND 

■ 

m 

D 

V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

GE = GND 

Eight Bits Toggling 
at f | = -2.5MHz 

50% Duty Cycle 

V 1N > V HC <5) 

V,N 2 V LC 
(FCT) 

■ 

3.75 

7.8 

V, N = 3.4V< 5 > 
or 

V IN = GND 

■ 

6.0 

16.8 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V )N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but Is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6. Ic = Iquiescent + Inputs + •dynamic 

•c = *cc + Alec + • ccd (^cp/2 + f| Nj ) 
lcc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V (N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

•cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f t 

All currents are in milliamps and all frequencies are in megahertz. 
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I DT29FCT52A/B/I DT29FCT53A/B FAST 
CMOS OCTAL REGISTERED TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITIONS* 1 ) 

IDT29FCT52A/53A 

IDT29FCT52B/53B 

UNIT 

typ.< 3 > 

COM’L. 

MIL 

typ.< 3 > 

COM’L 

MIL 



MBS 

MAX. 





tpUH 

tpHL 

Propagation Delay 

CPA, CPBtoBn.An 

C u = 50pF 

R u = 5000 

5.5 

2.0 

10.0 

2.0 

11.0 

4.5 

2.0 

6.5 

2.0 

B 

ns 

tpZH 

tpZL 

Output Enable Time 

OEA or OEB to A n or B n 

5.5 

1.5 

10.5 

1.5 

13.0 

4.5 

1.5 

6.5 

1.5 

B 

ns 

l PHZ 

tpLZ 

Output Disable Time 

OEA or OEB to A n or B n 

5.5 

1.5 

10.0 

1.5 

10.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

tsu 

Set-up time HIGH or 

LOW A n , B n to CPA, CPB 

1.0 

2.0 

- 

2.5 

- 

1.0 

2.0 

- 

2.0 

- 

ns 

t H 

Hold time HIGH or LOW 

A n . B n to CPA, CPB 

0.5 

2.0 

- 

2.0 

- 

0.5 

1.5 

- 

1.5 

- 

ns 

tsu 

Set-up time HIGH or 

LOW. CEA, CEE to CPA, 
CPB 

H 

■ 

■ 

2.0 

B 

■ 

2.0 

B 

B 

B 

ns 

th 

Hold time HIGH or LOW. 
CEA, CEE to CPA. CPB 

- 

2.0 

- 

2.0 

- 

B 

2.0 

- 

2.0 

- 

ns 

t w 

Pulse Width. HIGH or LOW 
CPA or CPB 

- 

3.0 

- 

3.0 

- 

B 

3.0 

- 

3.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDT 


29FCTXXX XX X 

Device Type Package Process/ 

Temperature 

Range 

I I Blank 


B 


P 

D 

E 

SO 

L 


Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
CERDIP 
CERPACK 
Small Outline 1C 
Leadless Chip Carrier 



52A Non-inverting Octal Registered Transceiver 

53A Inverting Octal Registered Transceiver 

52B Fast Non-inverting Octal Registered Transceiver 

53B Fast Inverting Octal Registered Transceiver 
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Integrated Device Technology. Inc. 


MULTILEVEL 
PIPELINE REGISTERS 


IDT29FCT520A/B 

IDT29FCT521A/B 


FEATURES: 

• Equivalent to AMD’s Am29520/21 bipolar Multilevel Pipeline 
Registers In pinout/function, speeds and output drive over full 
temperature and voltage supply extremes 

o Four 8-bit high-speed registers 

• Dual two-level or single four-level push-only stack operation 

• All registers available at multiplexed output 

• Hold, transfer and load instructions 

• Provides temporary address or data storage 

• Iol = 48mA (commercial), 32mA (military) 

• CMOS power levels (5p.W typ. static) 

• Substantially lower input current levels than AMD’s bipolar 
(5)iA typ.) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Manufactured using advanced CEMOS ™ processing 

• Available in 300 mil plastic and hermetic THINDIP, as well as 
LCC and CERPACK 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT29FCT520A/B and IDT29FCT521 A/B each contain four 
8-bit positive edge-triggered registers. These may be operated as 
a dual 2-level or as a single 4-level pipeline. A single 8-bit input is 
provided and any of the four registers is available at the 8-bit, 
3-state output. 

These devices differ only in the way data is loaded into and be- 
tween the registers in 2-level operation. The difference is illustrated 
in Figure 1. In the IDT29FCT520A/B when data is entered into the 
first level (I = 2 or I = 1 ), the existing data in the first level is moved to 
the second level. In the IDT29FCT521A/B, these instructions sim- 
ply cause the data in the first level to be overwritten. Transfer of data 
to the second level is achieved using the 4-level shift instruction 
(I = 0). Transfer also causes the first level to change. In either part 
1 = 3 is for hold. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 

DSC-4002/- 
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IDT29FCT520A/B AND IDT29FCT521A/B 
MULTILEVEL PIPELINE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


(INSTRUCTION) l 0 £ . 
(INSTRUCTION) I, C 

Do IZ 
Did 



DIP/CERPACK/SOIC 
TOP VIEW 



Y 0 

Y, 

y 2 

NC 

Y 3 

y 4 

y 5 


TOP VIEW 


PIN DESCRIPTION 


PIN NO.O) 

NAME 

I/O 

DESCRIPTION 

3-10 

Do - D 7 

1 

Register input port 

11 

CLK v 

1 

Clock input. Enter data into regis- 
ters on LOW-to-HIGH transitions. 

1,2 


1 

Instruction inputs. See Figure 1 
and Instruction Control Tables. 

23,22 

c/T 

6 

CO 

1 

Multiplexer select. Inputs either 
register A , , A 2 , B, or B 2 data to be 
available at the output port. 

13 

OE 


Output enable for 3-state output 
port. 

14-21 

y 0 -y 7 

0 

Register output port 


NOTE: 

1. DIP configuration. 



NOTE: 

1. I = 3 for hold. 



Figure 1. Data Loading in 2-Level Operation 
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IDT29FCT520A/B AND IDT29FCT521A/B 
MULTILEVEL PIPELINE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


E33H3! 

RATING 

COMMERCIAL 

MILITARY 

■ii;in 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

T A 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

"•stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•our 

DC Output Current 

100 

100 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

I conditions! 

m 


IMS 

w&M 

Input Capacitance 

§ 

II 

2 

> 

6 

O 

El 

I c 0UT 

Output Capacitance 

| V 0UT = ov I 

8 

wa 

■a 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2 V 

Commercial: T a = 0°Cto +70°C; \^ c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 


Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 


m 

Input HIGH Current 

Moc — Max. 

<. 

11 

o< 

0 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5H) 

•lL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5«) 

V, = GND 

- 

- 

-5 

■ 

Off State (High Impedance) 

Output Current 


O 

£ 

11 

£ 

- 

- 

10 

pA 

V 0 = 2.7V 

- 

- 

10(4) 

V 0 = 0.5V 

- 

- 


V 0 = GND 

- 

- 

-10 

•os 

Short Circuit Current 

Vcc = Max! 3 ’, v o = GND 

-60 

-120 

- 

mA 

Mdh 

Output HIGH Voltage 

Moc = 3V. Vjfg = V LC or V HC , Iqh : “32 pA 

w 

■91 

- 


V cc = Min. 

Mn = Mh or V| L 

•oh = _ 300pA 

Vhc 

V cc 

- 

■ 

l 0H = -12mA MIL. 

wm 

m 

- 

•oh ~ -15mA COM'L. 

0 


- 

Mol 

Output LOW Voltage 

Vcc = 3V. V| N = V LC or V HC . l 0L = 300pA 

- 

GND 

E 

1 


•ol = 300pA 

- 

GND 

89 

Iol = 32mA MIL. 

- 

0.3 

0.5 

Iol = 48mA COM’L. 

- 

0.3 

0.5 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT29FCT520A/B AND IDT29FCT521A/B 
MULTILEVEL PIPELINE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC =Vcc-0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

\fcc = Max. 

V|N 5 V HCi V IN 5 M_C 

» CP = f, = 0 

■ 

0.001 

1.5 

mA 

> 

O 

O 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current 

Vcc= Max. 

Outputs Open 

OE = GND 

One Input Toggling 

50% Duty Cycle 

Mn > V HC 

Mn < V LC 

■ 

0.15 

0.25 

mA/MHz 



Vcc = Max- 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

o o 

>->-t 

■ 

2.3 

5.3 


lo 

Total Power Supply Current < 8 > 

OE = GND 

One Bit Toggling 
at f , = 5MHz 

50% Duty Cycle 

V,n = 3.4V 
or 

V 1N = GND 

■ 

2.8 

B 

mA 


\fc c = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

V IN 5 V HC 

Mn < V LC 
(FCT) 

■ 

9.8 

17.8 (S) 



OE = GND 

Eight Bits and 

Four Controls Toggling 
at f | = 5MHz 

50% Duty Cycle 

V, N = 3.4V 
or 

V 1N = GND 

■ 

13.0 

30.8 151 



NOTES; 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - ® .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V| N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = Quiescent + •inputs + •dynamic 

•c = ^cc + Alec Qh^t + 'ccd (^cp + f| N| ) 

•cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V 1N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

•ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
Ni = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 













































IDT29FCT520A/B AND IDT29FCT521A/B 
MULTILEVEL PIPELINE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITIONS! 1 ) 

IDT29FCT520A/21A 

IDT29FCT520B/21 B 

UNIT 

TYP.W 

COM’L 

MIL 

TYP.< 3 > 

COM’L 

MIL 


ITPli 







tpHL 

Clock to Data Output 

R l = 5000 
C L = 50pF 

El 

- 

14.0 

- 

16.0 

- 

- 

- 

- 

- 

ns 

*PLH 

S 0 . S, to Data Output 

El 

- 

13.0 

- 

15.0 

- 

- 

- 

- 

- 

ns 

*SU 

Set-up Time 

Input Data to Clock 

- 

5.0 

■ 

B 

- 


- 

- 

- 

- 

ns 

t H 

Hold Time 

Input Data to Clock 

- 

1.0 

B 

p 

- 


- 

- 

- 

- 

ns 

*su 

Set-up Time 

Instruction to Clock 

- 

5.0 

- 

6.0 

- 


- 

- 

- 

- 

ns 


Hold Time 

Instruction to Clock 

- 

1.0 

- 

2.0 

- 


- 

- 

- 

- 

ns 

*PHZ 

tpiz 

Output Enable Time 

6.0 

- 

12.0 

- 

13.0 


- 

- 

- 

- 

ns 

l PZH 

*PZL 

Output Disable Time 

9.0 

- 

15.0 

- 

16.0 


- 

■ 

■ 

■ 

ns 

t w 

Clock Pulse Width 

HIGH or LOW 

- 

4.0 

7.0 

- 

8.0 

- 

- 

- 

- 

- 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 


2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V C c - 5 .OV, +25°C ambient and maximum loading. 


ORDERING INFORMATION 

IDT29FCT MX* — A — A 

Device Type Package Process/ 

| I Temperature 

Range 


Blank 

Commercial (0°Cto +70°C) 

B 

Military (-55°Cto +125°C) 


Compliant to MIL-STD-883, 
Class B 

P 

Plastic DIP 

D 

CERDIP 

L 

Leadless Chip Carrier 

E 

CERPACK 

SO 

Small Outline 1C 

520A 

Multilevel Pipeline Register 

521 A 

Multilevel Pipeline Register 

520B 

Fast Multilevel Pipeline Register 

521 B 

Fast Multilevel Pipeline Register 
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The part numbering scheme for the IDT39C8XXX family has been changed to conform with the new proposed JEDEC part numbering 

system. The new system is as follows: 


Previous Part Number 

New Part Number 

IDT39C821 

IDT54/74FCT821 A 

IDT39C822 

IDT54/74FCT822A 

IDT39C823 

1 DT 54/74 FCT 823 A 

IDT39C824 

1 DT 54/7 4 F CT 824 A 

IDT39C825 

IDT54/74FCT825A 

IDT39C826 

IDT54/74FCT826A 

IDT39C827 

IDT54/74FCT827A 

IDT39C828 

1 DT54/74FCT828 A 

IDT39C841 

IDT54/74FCT841 A 

IDT39C842 

IDT54/74FCT842A 

IDT39C843 

1 DT54/74FCT843A 

IDT39C844 

IDT54/74FCT844A 

IDT39C845 

1DT54/74FCT845A 

IDT39C846 

IDT54/74FCT846A 

IDT39C861 

IDT54/74FCT861 A 

IDT39C862 

IDT54/74FCT862A 

IDT39C863 

IDT54/74FCT863A 

IDT39C864 

IDT54/74FCT864A 

Refer to data sheets under the new part number. system for all specifications. 
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HIGH-SPEED 16-BIT 

ADVANCE 

BIDIRECTIONAL LATCH 

INFORMATION 

IDT49FCT601 


FEATURES: 

• 16-bit bidirectional latch 

• Byte swap control to match bus byte ordering 

o Independent upper and lower byte output enables 

• Independent latch enable controls for both directions 

• Iol = 48mA (commercial) and 32mA (military) for back plane 
drive capability 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 48-pin plastic and sidebraze DIP, 52-pin PLCC 
and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49FCT601 is a 16-bit bidirectional latch with byte swap/ 
reordering capability for 16-bit buses. This device can be used in 
pairs to provide support for 32-bit buses like the VM E bus. The byte 
swap facility allows upper order bytes to be brought down to lower 
positions for transfer on the bus. The byte swap facility can be used 
to solve byte ordering conflicts when interfacing Motorola-type de- 
vices with Intel-type devices and for resizing data widths. 

The high output drive makes this device suitable for driving 
back plane buses. The four ground pins in the center of the 
package greatly reduce package inductance and, therefore, 
ground noise. 

This device is manufactured using advanced CEMOS ™, a dual 
metal CMOS technology. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technoloy, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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HIGH SPEED 
16-BIT REGISTER 
WITH SPC™ 


PRELIMINARY 

IDT49FCT618 

IDT49FCT618A 


FEATURES: 

• High-speed non-inverting 16-bit parallel data register for any 
data path, control path or pipelining application 

• Read back path from the data output back to the data input 
allows for convenient interface to a microprocessor as a parallel 
high-speed/high-output drive I/O port 

• Clock enable and asynchronous clear lines 

• High-speed Serial Protocol Channel (SPC ™ ) which provides 
access to 16 bit parallel data register using four pins 

— Controllability: 

— Serial scan in new machine state 
— Load new machine state “on the fly” synchronous with 
PCLK 

— Temporarily force Y output bus 

— Temporarily force data out the D input bus (as in loading 
WCS) 

— Observability: 

— Directly observe D and Y buses 
— Serial scan out current machine state 
— Capture machine state “on the fly" synchronous with 
PCLK 

• Iol = 32mA (commercial), 24mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 48-pin DIP and 52-pin LCC/PLCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49FCT618/A are high-speed, general purpose 16-bit 
parallel data registers with a Serial Protocol Channel (SPC). The 
D-to-Y path of the register provides a data path that is designed for 
normal system operation wherever a high-speed clocked register 
is required. This device also incorporates a latched read back path 
from the Y bus to the D bus. The SPC is used to communicate with 
SPC command and data registers. 

The SPC command and data registers are used to observe and 
control the operation of the 16-bit parallel data register for diagnos- 
tic purposes. The SPC command and data registers can be ac- 
cessed while the system is performing normal system function. Di- 
agnostic operations then can be performed “on the fly”, synchro- 
nous with the system clock, or can be performed in the “single 
step” environment. The SPC port utilizes serial data in and out pins 
(a concept originated at IBM) which can participate in a serial scan 
loop throughout the system where normal data, address, status 
and control registers are replaced with the IDT49FCT618/A. The 
loop can be used to scan in a complete test routine starting point 
(data, address, etc.). Then, after a specified number of clock cy- 
cles, the data can be clocked out and compared with expected re- 
sults. An “oscilloscope mode” can be achieved by loading data 
from the SPC data register into the parallel data register synchro- 
nous to the system clock (PCLK) using an SPC command which 
transfers data synchronously. When repeated every Nth clock, the 
repeating states of the system can be observed on an oscilloscope. 
When used as a pipeline register, Writable Control Store (WCS) 
loading can be accomplished by scanning in data through the 
SPC port and enabling the data onto the D bus pins. 


FUNCTIONAL BLOCK DIAGRAM 


D 15-0 DOE 


SCLK 


C/O 



CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 



© 1987 Integrated Device Technology, Inc. 


DSC-4027/- 
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IDT49FCT618/A HIGH-SPEED 16-BIT 
REGISTER WITH SPC ™ 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


SDI C 
C/1511 
DisP 

d <4 

n 12 r 

DioC 

Dg C 

d 8 c 
UCH C 
v cc C 
PCLK tl 
GND 

De 

d 4 
d 3 

D; 

D 

D 0 P22 
ETJ c 23 

DUE c 24 




c 

c 

C 1 
C 1 

c 

c 

[= 

c 


C48-1 

& 

C48-2 


INDEX 


SDO 

VUEu 

Y,5 

V,4 

Yl3 

Yl2 

Yu 

Y10 

Y 0 

Ye 

GND 

SCLK 

LE 

GND 

y 7 

y 6 

y 5 

Y 4 

Y 3 

y 2 

Yi 

Yo 

YUE l 

SEL 



Y 11 

Y10 

Yg 

Ye 

GND 

SCLK 

NC 

LE 

GND 

Yr 

Ye 

y 5 

y 4 


DIP 

TOP VIEW 


LCC/PLCC 
TOP VIEW 


PIN DESCRIPTION 


PIN NAME 

I/O 

DESCRIPTION 

PCLK 

1 

Parallel Data Register Clock 

EFJ 

1 

Clock Enable for PCLK (enabled 
when low) 

CEE 

1 

Asynchronous 16-Bit Clear (active 
low) 

°15-0 

I/O 

Parallel Data Register Input Pins 
(D 0 = LSB, D 15 = MSB) 

Y|5-0 

I/O 

Parallel Data Register Output Pins 
(Y 0 = LSB, Y 15 = MSB) 

YOEu,l 

1 

Output Enables for Y Bus (Overidden 
by SPC Inst. 8 and 14) 

SEL 

1 

Selects Between Parallel Data Register 

Q Ci t Buo iui Ruud Buur\ Duia 

LE 

1 

Controls a Latch in the Read Back 
Path (transparent when High) 

DUE 

1 

Output Enable for D Bus (Overidden 
by SPC Inst. 9) 

SDI 

1 

Serial Data In for SPC operation 

SDO 

0 

Serial Data Out for SPC operation 

C/D 

1 

Mode Control for SPC 

SCLK 

1 

Shift clock for SPC operations 
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IDT49FCT618/A HIGH-SPEED 16-BIT 

REGISTER WITH SPC™ MILITARY AND COMMERCIAL TEMPERATURE RANGES 

TRUTH TABLE (1) 


13P1 

SCLK 

PCLK 

ETC 

CUE 

DOE 

SEL 

LE 

V5E UtL 

D 

Y 

FUNCTION 

n 

X 

X 

X 

X 

X 

X 

ma 

H 

x 

High Z 

Tri-State Y 

n 

X 

X 

X 

L 

X 

X 

ma 

H 

ma 

L 

Clear Parallel Data Register 

MM 

X 

_r 

H 

H 

X 

X 

X 

L 

X 

NC 

Hold Parallel Data Register 

MM 

X 

_r 

L 

H 

X 

X 

X 

L 

IWl 

D 

Clock D-to-Y 

a 

X 

X 

X 

H 

L 

H 

H 

H 

Q 

X 

Read Back Parallel Data Register 

MM 

X 

X 

X 

H 

L 

L 

H 

H 

Y 

Input 

Read Back Y Data Bus 

H 

JT 

B 

B 

B 

B 

B 

B 

X 

X 

B 

Shift Bit into SPC Command 

Register 

L 

_r 

X 

X 

X 

■ 

X 

X 

X 

ma 

X 

Shift Bit into SPC Data Register 

1_ 

JT 

H or L 
(Static) 

B 

B 

B 

1 

X 

B 

X 

B 

Execute SPC Command During Time 
Between C/D & SCLK 

a 

X 

X 

X 

X 

L 

X 

L 

X 

ma 

X 

Read data stored in feedback latch 


NOTE: 

H = HIGH Voltage Level, L= LOW Voltage Level, X= Don’t Care, Z= High Impedance, -f/ = Low-to-High/High-to-Low Transition 
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IDT49FCT618/A HIGH-SPEED 16-BIT 

REGISTER WITH SPC ™ MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS <1) CAPACITANCE (T a = + 25 °c, f = i.omhz) 


NOTE: 

1 . This parameter is guaranteed by characterization data and not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = VCC-0.2V 

Commercial: T A = 0°Cto + 70 6 C; = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS^ 

MIN. 

typ. (2) 

MAX. 

UNIT 

V ,H 

Input HIGH Level 

Guaranteed Logic High Level 


- 

- 

V 

V ,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

•lH 

Input HIGH Current 
(Except I/O pins) 

Vqq — Max. 

V, = Ycc 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5(4) 

'll 


V, = 0.5V 

- 

- 

-5(4) 

V, = GND 

- 

- 

-5 

l|H 

Input HIGH Current 
(I/O pins only) 

Vcc = Max. 

V, =Y,c 

- 

- 

15 

pA 

V, = 2.7V 

- 

- 

15«> 

IlL 

Input LOW Current 
(I/O pins only) 

V, = 0.5V 

- 

- 

mm 

V, = GND 

- 

- 

-15 

Yk 

Clamp Diode Voltage 

Vcc = Min., •n = "18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

Vcc = Max! 3) , V 0 = GND 

-60 

-120 

- 

mA 

Yoh 

Output HIGH Voltage 

Vcc = 3V, V| N = V LC or Vhc- 1oh = *32 pA 


Vcc 

- 

V 

Vcc = Min. 

Yn = Yh or V (L 

(oh = -300pA 


^cc 

- 

l 0H = -12mA MIL. 

wm 

KB 

- 


Bl 

KB 

- 

Y)L 

Output LOW Voltage 

Vcc = 3V, V|m = V LC or Vhc. Iol - 300pA 

- 

GND 

TO 

1 

Vcc = Min. 

Yn = Yh or Yl 

|ql — 300pA 

- 

GND 

V LC 

Iol = 24mA MIL. 

- 

0.3 

0.5 

Iol = 32mA COM'L. 

- 

0.3 

0.5 

Yt 

Input Hysteresis on Clocks Only 

- 

- 

200 

- 

mV 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5 . 0 V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


SBI'EH 

RATING 

COMMERCIAL 

MILITARY 

iron 


Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

W 

•out 

DC Output Current 

120 

120 

mA 


SYMBOL 

PARAMETERS 

CONDITIONS 

HQ 


vm 

C IN 

Input Capacitance 

v IN =ov 

6 

Bl 

pF 


I/O Capacitance 

Vout = 0V 

8 

mm 

mm 


10-16 


























































































IDT49FCT618/A HIGH-SPEED 16-BIT 
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POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V^c = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vcc = Max. 

V IN > v hc i Yn S M.C 
fcp = fi = 0 

■ 

0.001 

1.5 

mA 

Alee 

Quiescent Power Supply Current 
TTL Inputs HIGH 

a $ 

S CO 

II II 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current* 4 * 

Vcc = Max. 

Outputs Open 

VOE u l = GND 

One Input Toggling 

50% Duty Cycle 

Al VI 

1 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f C p = 10MHz 

50% Duty Cycle 

VOEu L = GND 

V IN S V HC 

VlN < H.C 
(FCT) 


1.5 

4.0 


1c 

Total Power Supply Current* 6 * 

One Bit Toggling 
at f | = 5MHz 

50% Duty Cycle 

SEL, DOE, CUE, LE. SDI, 
C/D, SCLK = Vcc 



2.0 

6.0 

mA 


Vcc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

YODu l_ = GND 

SixteenTOs Toggling 
atf, = 2.5MHz 

50% Duty Cycle 

SEL, DOE, CLR, LE, SDI, 
C/D, SCLK = Vcc 

v in > Vhc 
v in < V LC 
(FCT) 


6.8 

12.8 (5) 



ViK, = 3.4V or 

V, N = GND 


11.0 

29.8 (5> 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5.0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at Vcc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6. I c = I QUIESCENT + 1 INPUTS + 1 DYNAMIC 

lc = Icc + Alee Nt + Iqcd (fcp/2 + f| N| ) 

Ice = Quiescent Current 

Alex: = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 


D 

PCLK t to Y 


Ea 

SCLK t to SDO 


B 

SDI to SDO 
(in stub mode) 

JpLH 

T4 

C/Di to Y 
(YOt u l = Low 

Inst. 8 & 14) 

‘PHL 

T5 

SCLK t to Y 
(YDEu, L = High. 
Inst. 8) 


B 

C/D to SDO 
(Inst. 0.1, 2.4) 


EH 

LEtoD 


E21 

Y to D 


Ea 

SEL or DCR to Y 


QQ 

SELtoD 


m 

D to PCLK f 



C/D to SCLK t 


|jx| 

SDI to SCLK t N 


B 

ft'i.'i'JMWPfl >1 1 

HSaiiSUiSjHPil 

*SU 

S5 

C/D (Low) to 

PCLK t 
(Inst. 3 & 13) 



Y to PCLK | 

(Inst. 3) 


EM 

YtoLE 


m 

SEL to LE 


FI 

ETC to PCLK 



PCLK 1" to LE 
(Low) 


ISO 

D to PCLK t 



C/D to SCLK t 


Egg 

SDI to SCLK t 


B 

Y or D to C/D j 
(Inst. 0. 2 & 4) 

»H 

H5 

SCLK (Low) to 

PCLK | 

(Inst. 3 & 13) 


H6 

C/D (Low) to 

PCLK "J - 
(Inst. 3 & 13) 


□ 

Y to PCLK | 

(Inst. 3) 


in 

YtoLE 



SEL to LE 


EBB 

ETC to PCLK | 


CONDITION 1 


C L = 50pF 
R, = 5000 




(Continued) 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


IDT49FCT618 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PARAMETER 

CONDITION 0 ’ 

YUE ul toY 


SCLK t to D 
(Inst. 9) 


C/D t to Dor Y 
(Inst. 9) 


SCLK t to Y 
(YOEu L = High 
Inst. 8 & 14) 


C/D to t to D or Y 
(YQEu L = High 
Inst. 14) 


DUE to D 

C L = 50pF 

VoE ul toY 

R l = 500Q 

C/D | to D 
(Inst. 9) 


C/Di to Y 
(YUEu L = High 
Inst. 14) 


DUE to D 


PCLK (High & Low) 


SCLK (High & Low) 


C/D (High) 


LE (High-Low) 


CLR (Low) 



NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 
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DETAILED WAVEFORMS OF SERIAL PROTOCOL OPERATIONS 

Y ► SPC Data (Inst. 0) PARALLEL DATA REGISTER ► SPC Data (Inst. 1) 
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IDT49FCT618/A HIGH-SPEED 16-BIT 
REGISTER WITH SPC™ 


DETAILED FUNCTIONAL BLOCK DIAGRAM 


SDI 


C/15 


SCLK 



LE 

ETC 

PCLK 

UHR 


SDO 


The block diagram consists of three main data paths and two 
logic blocks. The main data path is from the D inputs down to the 
parallel data register and through the Y outputs. This is the path 
that will be used most of the time in normal operation. For serial 
protocol operations, there are data paths from the Y pins into the 
SPC data register and control block. Coming out of this block is the 
data path that allows data to be put back onto the D input pins or 
into the parallel dataregister. The PCLK is used to clock the parallel 
data register. Th e EN signal is a clock enable for the 1 6-bit parallel 
data path. The CLR line offers an asynchronous 16-bit clear. 
YOEu, i inputs are used to control the tri-state output of the Y pins. 

The other main data path is a read back from the output of the 
16-bit parallel data register to the D bus. This path is convenient 
when using the I DT49FCT61 8 with a processor because it provides 
the mechanism to read the contents of the data register. The SEL 
pin selects data from the internal Q bus or the data output pins Y. 
The LE signal controls a latch in the read back path. In this way data 
can be latched “on the fly” and allo wed t o settle before a processor 
reads it back on the D pins. The DOE input is a tri-state control 
which selects whether the D bus is an input or an output. 

SPC data and commands are shifted through the SDI pin which 
is a serial input pin and the SDO pin which is a serial output pin. 
Data and commands are shifted in Least Significant Bit first, Most 
Significant Bit last (Y 0 = LSB, Y 15 = MSB). The SCLK is used to 
shift the data through. The C/D line is used as a control input to de- 
termine whether data or command information is being shifted in. 

The Serial Protocol Channel (SPC) has been optimized for the 
minimum number of pins and maximum flexibility. The data is 
passed in on a serial data input pin (SDI) and out on a serial data 
output pin (SDO). The transfer of the data is controlled by a serial 
clock (SCLK) and a command/data mode input (C/D). These four 
pins are the basic SPC pins. To the outside, the SPC appears as 
two serial shift registers in parallel; one for command and the other 
data. The serial clock shifts data and the command/data (C/D) line 
selects which register is being shifted. The SPC command register 
is used to control loading of data to and from the parallel data regis- 
ter with other storage elements in the device. 


SPC FUNCTIONAL DESCRIPTION 

C/15 



SCLK 


With respect to executing an SPC command, there are four dis- 
tinct phases: (1) data is shifted in, (2) followed by the SPC com- 
mand, (3) the SPC command is executed, (4) data is shifted out. 
During the data mode, data is simultaneously shifted into the SPC 
data register while the data in the register is shifted out. During the 
command mode, opcode type information is shifted through the 
serial ports. 

The command is executed when the last bit is shifted in and the 
C/D line is brought low. The execution phase is ended with the next 
serial clock edge. Execution of SPC commands is performed by 
stopping the SPC clock, SCLK, and lowering the C/D line from 
high-to-low. Later the SCLK may be transitioned from low-to-high. 
SPC commands and data can be shifted any time without regard 
for operation. During the execution phase, care must be taken that 
there is no conflict between the SPC operation and parallel opera- 
tion. This means that if the SPC operation attempts to load the par- 
allel data register (opcode 10) while PCLK is in transition, the re- 
sults are undefined. In general, it is required that the PCLK be static 
during SPC operations. The synchronous commands (opcodes 3 
and 13), however, allow the PCLK to run. In these operations the 
HIGH-to-LOW transition of the C/D line takes on the function of an 
arm signal in preparation for the next LOW-to-HIGH transition of the 
PCLK. 
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SPC COMMANDS 

There are 16 possible SPC opcodes. Thirteen of these are util- 
ized; the other three are reserved and perform NO-OP functions. 
The top eight opcodes, 0 through 7, are used for transferring data 
into the SPC data register for shifting out. The lower eight opcodes, 
8 through 1 5, are used for transferring data from the SPC data reg- 
ister to other parts of the device. Two of the commands are also 
used for connecting the data in and out pins. 


OPCODE 

SPC COMMAND 

0 

Y to SPC Data Register 

1 

Parallel Data Register to SPC Data Register 

2 

D to SPC Data Register 

3 

Y to SPC Data Register Synchronous w/PCLK 

4 

Status (YOEy y PCLK, etc) to SPC Data Register 

5-7 

Reserved (NO-OP) 

8 

SPC Data to Y (YOEy L is overidden) 

9 

SPC Data to D (DOE is overidden) 

10 

SPC Data to Parallel Data Register 

11 

Select Serial Mode 

12 

Select Stub Mode 

13 

SPC Data to Y Synchronous w/PCLK 

14 

Connect D to Y (YOEy L is overidden) 

15 

NO-OP 


Opcode 0 is used fortransferring data from the Y output pins into 
the SPC data register. Opcode 1 transfers data from the output of 
the parallel data register into the SPC data register. 


Y — ► SPC Data (Inst 0) 
SDI D COE 



PARALLEL DATA REG — ► SPC Data (Inst 1) 
SDI D DOE 



Opcode 2 transfers data which is on data input pin D into the 
SPC data register. 


D — *- SPC Data (Inst 2) 


SCLK 


C/D 


SDI D DOE 
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Opcode 3 transfers data on the Y pins to the SPC data register 
on the next PCLK, thus achieving a synchronous observation of the 
parallel data register in real time. This operation can be forced to 
repeat without shifting in a new command by pulsing C/D LOW- 
HIGH-LOW after each PCLK. As soon as data is shifted out using 
SCLK, the command is terminated and must be loaded in again. 


Y — ► SPC Data SYNCHRONOUS w/PCLK (Inst 3) 


SCLK 

C/D 


SDI D DUE 



Opcode 4 is used for loading status into the SPC data register. 
The format of bits is shown below. 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

0 

DUE 

PLCK 

VUEu 

LE 

ETC 

CUR 

YUE U 


SEL 



STATUS — ► SPC Date (Inst 4) 



Opcodes 5 through 7 are reserved, hence designated NO-OP. 


SPC Data — ► Y (Inst 8) 
SDI D DUE 



Opcode 8 is used for transferring data directly to the Y pins. 
When executing opcode 8, the s tate of YOE Up L is a don’t care and 
data will be output even if YOE u L = HIGH. Opcode 9 is used for 
transferring SPC data to the D pins. Operations 8 and 9 can be tem- 
porarily suspended by raising the C/D input and resumed by low- 
ering the C/D. As soon as SCLK completes transition, the com- 
mand is terminated. 
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SPC Data — ► D (Inst 9) 


SDI D DUE 



Opcode 10 is used for transferring data from the SPC Data regis- 
ter into the parallel data register, irrespective of the state of PCLK. 
However, PCLK must be static between C/D going HIGH-to-LOW 
and SCLK going LOW-to-HIGH. 

SPC Data — *» PARALLEL DATA REGISTER (Inst 10) 


SDI D DCS 



Opcodes 11 and 12 are used to set Serial and Stub mode, 
respectively. After executing one of these opcodes, the device re- 
mains in this mode through other Serial Protocol operations until 
reprogrammed using either command. The serial mode is the de- 
fault mode that the 1DT49FCT618 powers up in. In Serial mode, 
commands are shifted through the command register and then to 
the SDO pin. This is the typical mode used when several varieties 
of devices that utilize the SPC access method are employed on 
one serial ring. 


SERIAL MODE 



In Stub mode, SDI is connected directly to SDO. The serial input 
of the command register is connected to SDI. In this way, the same 
SPC command can be loaded into multiple devices of like type. 
For example, in four clock cycles the same command could be 
loaded into 8 IDT49FCT618S (128-bit pipeline register). Dissimilar 
devices must be segregated into serial scan loops of similar type 
as shown below (i.e., other devices from IDTthat incorporate SPC). 
During the command phase, the serial shift clock must be slowed 
down to accommodate the delay from SDI to SDO through all of the 
devices. The slower clock is typically a small tradeoff compared to 
the reduced number of clock cycles. 


STUB MODE 



Opcode 1 3 transfers data from the SPC data register to the pipe- 
line register on the next PCLK. Opcode 14 connects the D bus to 
the Y bus. Operation 14 can be temporarily suspended by raising 
the C/D input and resumed by lowering the C/D input again. The 
operation is terminated by SCLK. 
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SPC Data PARALLEL DATA REGISTER SYNCHRONOUS 
w/PCLK (Inst 13) 


SDI D DUE 



SCLK 

C/D 


CONNECT D TO Y (Inst. 14) 

SDI D DOE 



Opcodes 3 and 1 3 transfer data synchronous to the PCLK which 
means that the High-to-Low on the C/D input is an arm signal. The 
data and command can be shifted in while the PCLK is running. 
The C/D line is dropped prior to the desired PCLK edge and raised 
afterwards, before the next edge. Instruction 13 can be repeated 
many times by leaving the C/D line low during multiple transitions 
of the PCLK while not clocking SCLK. PCLK cycles can even be 
skipped by raising the C/D input during the desired clock periods. 
Instruction 3 can be repeated by pulsing the C/D high after each 
PCLK. 


C/D 

SCLK 

EXECUTE 
(SPC CMD) 

PCLK 


DATA 

IN 



m_n_ru 


The ability to repeatedly execute a synchronous command can 
provide major benefits. For example, the synchronous read (In- 
struction 3, Y to SPC data) instruction could be clocked into the se- 
rial command register. Then, it could be continuously executed by 
pulsing the C/D line HIGH. When the whole system is stopped 
(PCLK quiescent), the serial data register will contain the next to the 
last state of the parallel data register. That value can be shifted out 
and the current state of the parallel data register can then be ob- 
served, allowing for the observation of two states of the parallel 
data register (the current and the previous). 
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TYPICAL APPLICATION 

In the block diagram of the typical application, the register with 
SPC register is shown being used with a writable control store in a 
microprogrammed design. The control store can be initialized 
through the diagnostics path. The SPC data register with SPC is 
used for the instruction register going into the IDT49C410, as well 
as parallel data registers around the IDT49C403. In this way, the 
designer may use the SPC register to observe and modify the 
microcode coming out of the writable control store, as well as ob- 
serving and being able to modify data and instructions in the over- 
all machine. The IDT49C403 is a 16-bit version of the 2903A/203 
which includes an SPC port for diagnostic and break point 
purposes. 

The block diagram of the diagnostic ring shows how the devices 
with SPC Data are hooked together in a serial ring via the SDI and 
SDO signals. The SPC signals may be generated through registers 
which are hooked up to a microprocessor. This microprocessor 
could conceivably be an IBM PC. 


As companies like IDT continue to integrate more onto each de- 
vice and put each device into smaller packages such as surface 
mount devices, the board level testing becomes more complex for 
the designer and the manufacturing divisions of companies. To 
help this situation, SPC was invented. This allows for observation 
of critical signals deep within the system. During system test when 
an error is observed, these signals may be modified in order to zero 
in on the fault in the system. 

SPC is primarily a scheme utilizing only a few pins (4) to exam- 
ine and alter the internal state of a system for the purpose of moni- 
toring and diagnosing system faults. It can be used at many points 
in the life of a product: design debug and verification, manufactur- 
ing test and field service. This document describes a serial diag- 
nostic scheme which was developed at IDT and will be used in fu- 
ture VLSI logic devices designed by IDT. 


TYPICAL MICROPROGRAM APPLICATION WITH SPC™ 



O DncDiKin [McnDm atioki 
■ iUi. 1 linu wuinn i iUra 


IDT 


xxxx 

Device Type 


X X 

Package Process/ 

| Temperature 

Range 



Blank Commercial (0°Cto +70°C) 

B Military (-55°C to +125°C) 

Compliant to MIL-STD-883, Class B 

XC Sidebraze Shrink-DIP 

C Sidebraze DIP 

J Plastic Leaded Chip Carrier 

L Leadless Chip Carrier 

49FCT61 8 1 6-Bit Register with SPC™ 

49FCT618A High-Speed 16-Bit Register with SPC™ 
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ADVANCE 

INFORMATION 

IDT49FCT661 


i 

HI 

m 

1 

Integrated De\ 

W 

rice Technology Inc. 


HIGH SPEED 16-BIT 
SYNCHRONOUS 
BINARY COUNTER 


FEATURES: 

• 16-bit synchronous up/down counter, synchronously 
programmable 

• Maximum frequency of 50MHz commercial 

• Clock to Y-bus of 15ns commercial 

• Both synchronous and asynchronous clear inputs 

• Three-state counter outputs interface directly with bus- 
organized systems 

• Ripple carry output for cascading 

• Clocked carry output for convenient modulo configuration 

• Latched inputs provide for modulo load function or interface to a 
processor 

• Latched readback path for interface to a processor 

• Iol = 48mA commercial and 32mA military 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 48-pin Shrink-DIP, 52-pin PLCC and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49FCT661 is a programmable 16-bit synchronous up/ 
down binary counter which is conveniently organized for operation 
in a standalone configuration, as well as interfaced with a proces- 
sor. All operations except latch, output enable and asynchronous 
clear hap pen o n the rising edge of the Clock Input (CP). 

With a LOAD input LOW, the counter will load the value at the 
output of the input latch. The input latch is transparent when LE is 
LOW, allowing for easy connection to processor address decode 
and strobe logic. The D-Bus Output Enable, (OE D ) is used for read- 
ing back the state of the counter in processor-based applications. 
When OE D is LOW, the latch is closed and the D bus is driven with 
the contents of the latch; otherwise the output buffer is in a high- 
impedance state when OEq is HI GH. C ounting is enabled only 
when CE|=_and CE T are LOW and LOAD is HIGH. The Up/Down 
Input, (U/D), controls direction of the count. Internal c arry l ook- 
ahead logic and an active LOW on Ripple Carry Out put (R CO) al- 
low for counting and cascading. During up-count, the RCO is LOW 
at binary 65K and upon down-count is LO W at binary 0. Normal 
cascade operations reguire only the RCO to be connected to the 
succe eding block at CE T . When counting, the Clock Carry Output 
(CCO) provides a HIGH-LOW-HIGH pulse for a dura tion equal to 
the clock LOW time of the input clock only when RCO i s LOW . Two 
active LOW resets are availa ble: s ynchronous clear (SCLR ) and 
Master Asynchronous Clear (ACLR). The output control (OE Y ) in- 
put forces the output to high impedance when LOW, otherwise the 
Y-bus reflects the output of the counter. 


FUNCTIONAL BLOCK DIAGRAM 


LE 


U/D 

Load 

cD P 

CEj 

CP 


SEy 


D 



DEq 


SCLR 

ACER 

RCO 

CCO 


v cc 

GND 


Y 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology. Inc. 
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Integrated Device Technology. Inc. 


HIGH-SPEED 
OCTAL REGISTER 
WITH SPC™ 


PRELIMINARY 

IDT49FCT818A 

IDT49FCT818B 


FEATURES: 

• High-speed, non-inverting 8-bit parallel register for any data 
path, control path or pipelining application 

• New, unique command capability which allows for multiplicity 
of diagnostic functions 

• High-speed Serial Protocol Channel (SPC ™ ) provides 

— Controllability: 

— Serial scan in new machine state 
— Load new machine state “on the fly” 

— Temporarily force Y output bus 

— Temporarily force data out the D input bus (as in loading 
WCS) 

— Observability: 

— Direct observe D and Y buses 
— Serial scan out current machine state 
— Capture machine state “on the fly” 

• Iol = 32mA (commercial) and 24mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than 29818 and 
54/74AS818 (5 )jA max.) 

• Available in plastic and sidebraze DIP, PLCC and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT49FCT81 8 is a high-speed, general purpose octal regis- 
ter with Serial Protocol Channel (SPC). The D-to-Y path of the octal 
register provides a data path that is designed for normal system op- 
eration wherever a high-speed clocked register is required. 

The SPC command and data registers are used to observe and 
control the octal data register for diagnostic purposes. The SPC 
command and data registers can be accessed while the systemjs 
performing normal system function. Diagnostic operations then 
can be performed “on the fly”, synchronous with the system clock, 
or can be performed in the “single step” environment. The SPC 
port utilizes serial data in and out pins (a concept originated at IBM) 
which can participate in a serial scan loop throughout the system. 
Here normal data, address, status and control registers are re- 
placed with the IDT49FCT818. The loop can be used to scan in a 
complete test routine starting point (data, address, etc). Then, after 
a specified number of clock cycles, the data can be clocked out 
and compared with expected results. 

As well as diagnostic operations, SPC can be used for initializ- 
ing at power-on time functions such as Writable Control Store 
(WCS). 


FUNCTIONAL BLOCK DIAGRAM 


SDI 



CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES ” ~ DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATIONS 


SCLK 
D 7 
D s 

d 5 

d 4 

d 3 

d 2 

D, 

Do 

SDI 

GND 


24 

23 

22 

21 

P24-1, 20 
C24-1 . 19 
E24-1 
& is 
S024-2 17 

16 


□ Vcc 

□ C/0 

□ v 7 

□ y 6 

□ Y 5 

□ y 4 

□ y 3 

□ y 2 

□ Y, 

□ Y 0 

□ SDO 

□ PCLK 


DIP/SOIC/CERPACK 
TOP VIEW 



LOGIC SYMBOL 


— 

SDI 

Do 

Di 

d 2 

d 3 

d 4 

d 5 

D 6 

Dr 

SDO 

— 

— 

SCLK 









PCLK 

— 

— 

C/0 

Y 0 

Y, 

y 2 

y 3 

Y 4 

Y 5 

Ye 

Y r 

OE Y 

— 


TRUTH TABLE (1) 


C/D 

SCLK 

PCLK 

O E Y 

D 

Y 

FUNCTION 

X 

X 

X 

H 

X 

High Z 

Tri-state Y 

X 

X 

_r 

L 

H 

H 

Clock D to Y 

E9 

X 


m 

L 

L 

Clock D to Y 

H 

_r 

X 

D 

D 

D 

Shift bit into SPC 
Command register 

L 

_r 

X 

X 

X 

X 

Shift bit into SPC Data 
register 

1_ 

_r 

H or L 
(Static) 

X 

X 

X 

Execute SPC command 
during time between 

C/0 & SCLK 


NOTE: 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
Z = High Impedance 



Transition, H to L or L to H 


PIN DESCRIPTION 


PIN NAME 

I/O 

DESCRIPTION 

PCLK 

1 

Parallel Data Register Clock 

D 7-0 

I/O 

Parallel Data Register Input Pins (D 0 = LSB, D 7 = MSB) 

Y 7 -o 

I/O 

Parallel Data Register Output Pins (Y 0 = LSB, Y 7 = MSB) 

0 | 

ml 

-< 

1 

Output Enable for Y Bus (Overidden by SPC Inst. 8 & 14) 

SDI 

1 

Serial Data In for SPC Operation. Data and command shifts in the Least Significant Bit first 

SDO 

0 

Serial Data Out for SPC Operation. Data and command shifts out the Least Significant Bit first 

C/D 

1 

Mode Control for SPC 

SCLK 

1 

Serial Shift Clock for SPC Operations 
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IDT49FCT818/A/B HIGH-SPEED OCTAL 

REGISTER WITH SPC™ MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V CC -0.2V 

Commercial: T a = 0°Cto + 70°C;1{. c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

_ 

wa 

\ 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 

•lH 

Input HIGH Current 
(Except I/O pins) 


V, = V cc 

- 

- 

5 


V C c - Max. 

V, = 2.7V 

- 

- 

5W 

pA 



V, = 0.5V 

- 

- 

-5( 4 ) 

'IL 


V, = GND 

- 

- 

-5 



Input HIGH Current 


o 

>° 

> 

- 

- 

15 


•lH 

(I/O pins only) 

Vcc = Max. 

V, = 2.7V 

- 

- 

15( 4 ) 

pA 

>IL 

Input LOW Current 
(I/O pins only) 

V, = 0.5V 

- 

- 

-15 (4) 


V, = GND 

- 

- 

-15 


Yk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

V cc = Max! 3 *, V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V| N = V LC or V HC , l 0H = -32pA 

■9 

v cc 

- 


V OH 

Output HIGH Voltage 


Iqh = ~300pA 

Vhc 

Vcc 

- 

1 

l 0H = -12mA MIL. 

El 

wa 

- 

I 



I 0H = -15mA COM’L. 

El 

mm 

- 

1 



Vcc - 3V, V|n - V LC or V HC , l 0 i_ — 300pA 

- 

GND 




Output LOW Voltage 


Iol = 300pA 

- 

GND 

V LC 


Mdl 

l 0L = 24mA MIL. 

- 

0.3 

0.5 




Iol = 32mA COM’L. 

- 

0.3 

0.5 


V H 

Input Hysteresis on Clocks Only 

- 

- 

200 

- 

mV 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5,0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


BBS 

RATING 

COMMERCIAL 

MILITARY 

iron 

v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

Di 

t a 

Operating 

Temperature 

0 to +70 

-55 to +125 

°C 

Trias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

W 

•out 

DC Output Current 

120 

120 

mA 


CAPACITANCE (T A =+ 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 




C IN 

Input Capacitance 

Vin = OV 

6 

1 10 

O 


I/O Capacitance 

Vbur= OV 

8 

mm 

■a 


NOTE: 

1 . This parameter is measured at characterization but not tested. 
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IDT49FCT818/A/B HIGH-SPEED OCTAL 
REGISTER WITH SPC™ 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



PARAMETER 

TEST CONDITIONS {1> 

Quiescent Power Supply Current 

— Max. 

Vin ^V HC ;\^ N S M_c 
*cp = f| = 0 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

Vj N = 3.4V PI 

(4) 

Dynamic Power Supply Current 

V cc = Max. 

Outputs Open 

5F Y = GND 

One Input Toggling 

50% Duty Cycle 

V IN 5 V HC 

V,N < V LC 

Total Power Supply Current <6) 

Vcc = Max. 

Outputs Open 
f C p= 10MHz 

50% Duty Cycle 

OE Y = GND 

V IN t V HC 

V,N < V LC 
(FCT) 

One Bit Toggling 
atf, = 5MHz 

50% Duty Cycle 

SCLK = C/D = 

SDI = V cc 

V IN = 3.4V 

V, N = GND 





V IN 5 V HC 

V,N < V LC 
(FCT) 




typ. (2> 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/ 

MHz 

1.5 

4.0 


2.0 

6.0 

mA 

3.75 

7.8< 5) 


6.0 

16.8® 



Vcc = Max. 
Outputs Open 
f C p= 10MHz 
50% Duty Cycle 
OE y = GND 
Eight Bits Toggling 
atf, = 5MHz 
50% Duty Cycle 
SCLK = C/D = 
SDI = V cc 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = I QUIESCENT + ^INPUTS + ^DYNAMIC 

1c = *cc + Alec D H N T + I ccd (fcp/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V iN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



10-33 















































IDT49FCT818/A/B HIGH-SPEED OCTAL 
REGISTER WITH SPC™ 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 



SYMBOL PARAMETER 


T1 PCLK t to Y 
T2 SCLK t to SDO 

SDItoSDO 
T3 (in stub mode) 

tp HL | to Y 

tpLH T4 (OE y = Low 
Inst. 8 & 14) 



SDI to SCLK t 


Y or D to C/D | 
(Inst. 0, 2 & 4) 


C/D (Low) to 
S5 PCLK t 

(Inst. 3 & 13) 


Y to PCLK t 
(Inst. 3) 


D to PCLK | 


C/D to SCLK | 


SDI to SCLK t 



C/D (Low) to 
H6 PCLK | 

(Inst. 3 & 13) 


5E Y toY 


SCLK t to D 
(Inst. 5 & 9) 


C/D t to D or Y 
(Inst. 5 & 9) 


C/D to t to D or Y 
5Z (OE Y = High 
Inst. 14) 



IDT49FCT818 


IDT49FCT818A 


IDT49FCT818B 


CONDITION (1) I COM’L I MIL I COM’L I MIL 


C L = 50pF 
R, = 5000 


KQK^KSIIEEIEEiBlEliSIBEmaBW 


3.0 

14.0 

3.0 

14.0 

3.0 

14.0 

3.0 

14.0 


10.0 

3.0 

11.0 

10.0 

3.0 

11.0 

10.0 

3.0 

11.0 

10.0 

3.0 

11.0 



OQBDBI 



IBB 



9.0 

3.0 

9.0 

3.0 

9.0 

3.0 

9.0 

3.0 

9.0 

3.0 

9.0 

3.0 

9.0 

3.0 

9.0 

3.0 




10.0 

3.0 

10.0 

3.0 

10.0 

10.0 

3.0 

10.0 

3.0 

10.0 


PCLK (Hiqh & Low 


SCLK (High & Low) 


C/D (High) 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 
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IDT49FCT818/A/B HIGH-SPEED OCTAL 

REGISTER WITH SPC™ MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DETAILED WAVEFORMS OF SERIAL PROTOCOL OPERATIONS 


Y ► SPC Data (Inst. 0) PARALLEL DATA REGISTER ► SPC Data (Inst. 1) 

D ► SPC Data (Inst. 2) SET SERIAL MODE (Inst. 11) 

Status *> SPC Data (Inst. 4) SET STUB MODE (Inst. 12) 



CONNECT Y TO D (Inst. 5) 
SPC Data *■ D (Inst. 9) 


» ► PARALLEL DATA REGISTER (Inst. 10) 

3 C Data *> Y (Inst. 8) 

CONNECT D TO Y (Inst. 14) 
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IDT49FCT818/A/B HIGH-SPEED OCTAL 
REGISTER WITH SPC™ 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DETAILED FUNCTIONAL BLOCK DIAGRAM 

SDI 


C/E5 


SCLK 


SERIAL PROTOCOL COMMAND & DATA REGISTERS 


CM 


COMMAND 

DECODE 


SPC 

_ COMMAND 
P> REGISTER 




ni5 






j 

LJ 

L_ 

HQ 

J MUX | 

I 

k3 



PARALLEL . 

DATA <J 
REGISTER 


V 


PCLK 


OEy 


SDO 


The detailed block diagram consists of two main elements: the 
parallel data register and the SPC data/command registers. The 
main data path is from the D inputs down to the data register and 
through to the Y outputs. This path is typically used during stan- 
dard operations. For diagnostic or systems initialization, the inter- 
nal SPC data path is used. This path allows access between the 
SPC data and command registers and the standard data path, pins 
and data register. The SPC data and command registers are ac- 
cessed via the SDI, SDO, C/D and SCLK pins. 


C/D 



SCLK 


SPC FUNCTIONAL DESCRIPTION 

The Serial Protocol Channel (SPC) has been optimized for the 
minimum number of pins and the maximum flexibility. The data is 
passed in on a Serial Data Input pin (SDI) and out on a Serial Data 
Output pin (SDO) . The transfer of the data is control led by a Serial 
Clock (SCLK) and a Command/Data mode input (C/D). These four 
pins are the basic SPC pins. To the outside, the SPC appears as 
two serial shift registers in parallel -one for command and the 
other data. The serial clock shifts data and the Command/Data 
(C/D) line selects which register is being shifted. The command 


register is used to control loading of data to and from the data regis- 
ter with other storage elements in the device. 

With respect to executing an SPC command, there are four dis- 
tinct phases: (1) data is shifted in, (2) followed by the command, (3) 
the command is executed, and (4) data is shifted out. During the 
data mode, data is si multaneously shifted into the serial data regis- 
ter while the data in the register is shifted out. During the command 
mode, opcode-type information is shifted through the serial ports. 
The command is executed when the last bit is shifted in and the 
C/D line is brought low. The execution phase is ended with the next 
serial clock edge. 
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SPC data and commands are shifted in through the SDI pin, 
which is a serial input pin, and out through the SDO pin, which is a 
serial output pin. Data and commands are shifted in Least Signifi- 
cant Bit first; Most Significant Bit last (Y 0 = LSB, Y 15 = MSB). Exe- 
cution of SPC commands is performed by stopping the shift clock, 
SCLK, and lowering the C/D line from high-to-low. Later the SCLK 
may then be transitioned from low-to-high. SPC commands and 
data can be shifted anytime, without regard for operation. During 
the execution phase, care must be taken that there is no conflict 
between the SPC operation and parallel operation. This means that 
if the SPC operation attempts to load the parallel data register (op- 
code 10) while PCLK is in transition, the results are undefined. In 
general, it is required that the PCLK be static during SPC opera- 
tions. The synchronous commands (opcode 3 and 13), however, 
allow the PCLK to run. In these operations, the high-to-low transi- 
tion of the C/D line takes on the function of an arm signal in prepa- 
ration for the next low-to-high transition of the PCLK. 

SPC COMMANDS 

There are 16 possible SPC opcodes. Fourteen of these are util- 
ized, the other two are reserved and perform NO-OP functions. The 
top eight opcodes, 0 through 7, are reserved for transferring data 
into the SPC data registerfor shifting out. The lower eight opcodes, 
8 through 15, are used for transferring data from the SPC data reg- 
ister to other parts of the device. Two of the commands are also 
used for connecting the data in and out pins. 


OPCODE 

SPC COMMAND 

0 

Y to SPC Data Register 

1 

Parallel Data Register to SPC Data Register 

2 

D to SPC Data Register 

3 

Y to SPC Data Register Synchronous w/PCLK 

4 

Status (OE y . PCLK) to SPC Data Register 

5 

Connect Y to D 

6-7 

Reserved (NO-OP) 

8 

SPC Data to Y ((5E is overidden) 

9 

SPC Data to D 

10 

SPC Data to Parallel Data Register 

11 

Select Serial Mode 

12 

Select Stub Mode 

13 

SPC Data to Parallel Data Register Synchronous 
w/PCLK 

14 

Connect D to Y (OE is overidden) 

15 

NO-OP 


Opcode 0 is used for transferring data from the Y output pins into 
the SPC data register. Opcode 1 transfers data from the output of 
the register, before the tri-state gate, into the SPC data register. 
Opcode 2 transfers data from the D input pins into the SPC data 
register. 


Y -*• SPC Data (Inst 0) 
SDI D 



Data Register — ► SPC Data (Inst 1) 
SDI D 



D — ¥ SPC Data (Inst. 2) 
SDI D 
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IDT49FCT818/A/B HIGH-SPEED OCTAL 
REGISTER WITH SPC™ 


Opcode 3 transfers data on the Y pins to the SPC data register 
on the next PCLK, thus achieving a synchronous observation of the 
SPC data register in real time. This operation can be forced to re- 
peat without shifting in a new command by pulsing C/D low-high- 
low after each PCLK. As soon as data is shifted out using SCLK, the 
command is terminated and must be loaded in again. 


Y — > SPC Data Synchronous w/PCLK (Inst. 3) 


SDI D 



Opcode 4 is used for loading status into the SPC data register. 
The format of bits is shown below. 


7 6 5 0 



Status — f SPC Data (Inst. 4) 
SDI D 



Opcode 5 connects Y to D. Opcodes 6 and 7 are reserved, 
hence designated NO-OP. 

Connect Y to D (Inst 5) 



SPC Data -+ Y (Inst 8) 


SDI D 



Opcode 8 is used for transferring SPC data directly to the Y pins. 
When executing opcode 8, the state of OE Y is a “do not care”; that 
is, data will be output even if C5E Y = HIGH. Opcode 9 is used for 
transferring SPC data to the D pins. Operands 8 and 9 can be tem- 
porarily suspended by raising the C/D input and resumed by low- 
ering the C/D. As soon as SCLK completes transition, the com- 
mand is terminated. 



SPC Data — f D (Inst 9) 
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Opcode 1 0 is used for transferring data from the SPC data reg is- 
ter into the parallel data register, irrespective of the state of PCLK. 
However, PCLK must be static between C/D going high-to-low and 
SCLK going low-to-high. 

SPC Data — ► Parallel Data Register (Inst. 10) 


SDI D 



SDO Y 


Opcodes 11 and 12 are used to set Serial and Stub Mode, re- 
spectively. After executing one of these opcodes, the device re- 
mains in this mode until programmed otherwise. The Serial mode 
is the default mode that the IDT49FCT818 powers up in. In Serial 
mode, commands are shifted through the SPC command register 
and then to the SDO pin. This is the typical mode used when sev- 
eral varieties of devices that utilize the SPC access method are em- 
ployed on one serial ring. 

SERIAL MODE 



In Stub mode, SDI is connected directly to SDO. In this way, the 
same diagnostic command can be loaded into multiple devices of 
like type. For example, in four clock cycles the same command 
could be loaded into 8 IDT49FCT818s (64-bit pipeline register). 
Dissimilar devices must be segregated into serial scan loops of 
similar type, as shown below. During the command phase, the se- 
rial shift clock must be slowed down to accommodate the delay 
from SDI to SDO through all of the devices. The slower clock is typi- 
cally a small tradeoff compared to the reduced number of clock 
cycles. 


STUB MODE 



Opcode 13 transfers data from the SPC data register to the par- 
allel data register on the next PCLK. Opcode 14 connects the D bus 
to the Y. Operation 14 can be temporarily suspended by raising the 
C/D input and resumed by lowering the C/D input again. The op- 
eration is terminated by SCLK. 

SPC Data — ► Parallel Data Register Synchronous w/PCLK (Inst. 13) 


SDI D 



SDO Y 


Connect D to Y (Inst. 14) 


SDI D 
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Opcodes 3 and 1 3 transfer data synchronous to the PCLK which 
means that the high-to-low on the C/D input is an arm signal. The 
data and command can be shifted in while the PCLK is running. 
The C/D line is dropped prior to the desired PCLK edge and raised 
before the next edge. Instruction 13 can be repeated over many 
times by leaving the C/D line low during multiple transitions of the 
PCLK while not clocking SCLK. PCLK cycles can even be skipped 
by raising the C/D input during the desired clock periods. Instruc- 
tion 3 can be repeated by pulsing the C/D high after each PCLK. 


C/D 


DATA 

IN 


CMD 

IN 


DATA 

OUT 


sclk fifin fUL 


EXECUTE 
(SPC CMD) 


PCLK 


KH 

bH 

L_ 

“LTLTU 

n 

LJ 


The ability to continuously execute a synchronous command 
can provide major benefits. For example, the synchronous read 
(Instruction 3, Y to SPC data) instruction could be clocked into the 
SPC data register. Then, it could be continuously executed by 
pulsing the C/D line high. When the whole system is stopped 
(PCLK quiescent), the serial data register will contain the next to the 
last state of the parallel data register. That value can be shifted out 
and the current state of the parallel register can then be observed, 
allowing for the observation of two states of the parallel register (the 
current and the previous). 

TYPICAL APPLICATION 

In the block diagram of the typical application, the SPC data 
register is shown being used with a writable control store in a 
microprogrammed design. The control store can be initialized 
through the diagnostics path. The SPC data register is used for the 
instruction register going into the IDT49C410, as well as for data 
registers around the IDT49C403. In this way, the designer may use 
the SPC data register to observe and modify the microcode com- 
ing out of the writable control store, as well as observing and being 
able to modify data and instructions in the overall machine. The 
1DT49C403 is a 16-bit version of the 2903A/203 which includes an 
SPC port for diagnostic and break point purposes. 

The block diagram of the diagnostics ring shows how devices 
with diagnostics are hooked together in a serial ring via the SDI and 
SDO signals, The diagnostics signals may be generated through 
registers which are hooked up to a microprocessor. This micropro- 
cessor could conceivably be an IBM PC. 


TYPICAL MICROPROGRAM APPLICATION WITH SPC™ 
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As companies like IDT continue to integrate more onto each de- 
vice and put each device into smaller packages such as surface 
mount devices, the board level testing becomes more complex for 
the designer and the manufacturing divisions of companies. To 
help this situation, serial diagnostics was invented. This allows for 
observation of critical signals deep within the system. During sys- 
tem test, when an error is observed, these signals may be modified 
in order to zero in on the fault in the system. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Serial diagnostics is primarily a scheme utilizing only a few pins 
(4) to examine and alter the internal state of a system for the pur- 
pose of monitoring and diagnosing system faults. It can be used at 
many points in the life of a product: design debug and verification, 
manufacturing test and field service. This document describes a 
serial diagnostic scheme which was developed at IDT and will be 
used in future VLSI logic devices designed by IDT. 


ORDERING INFORMATION 



Commercial (0°C to +70°C) 

Military (-55°Cto +125°C) 

Compliant to MIL-STD-883, Class B 

Plastic DIP 
Sidebraze DIP 
CERPACK 

Leadless Chip Carrier 
Small Outline 1C 

Octal Register with SPC ™ 

High-Speed Octal Register with SPC ™ 
High-Speed Octal Register with SPC™ 
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FEATURES: 

• IDT54/74FCT138 equivalent to FAST™ speed; 
IDT54/74FCT138A 35% faster than FAST ™ 

• Equivalent to FAST ™ speeds and output drive over full 
temperature and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5 jj A max.) 

• l-of-8 decoder with enables 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87654 is listed on this 
function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT54/74FCT138 and IDT54/74FCT138A are 1-of-8 decod- 
ers built using advanced CEMOS ™, a dual metal CMOS technol- 
ogy. The I DT54/74FCT 1 38 and I DT54/74 FCT 1 38 A accept three bi- 
nary weighted inputs (Ao, A, , A 2 ) and, when enabled^ provide eight 
mutually exclusive active LOW outputs (O0-O7). The 
1DT54/74FCT138 and_IDT54/74FCT138A feature three enable in- 
puts, two active LOWJEi , E2) and one active HIGH (E3). All outputs 
will be HIGH unless Ei and E 2 are LOW and E 3 is HIGH. This multi- 
ple enable function allows easy parallel expansion pf the device to 
a 1-of-32 (5 lines to 32 lines) decoder with just four 
IDT54/74FCT138 or IDT54/74FCT138A devices and one inverter. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 
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I DT54/74FCT1 38/A FAST 
CMOS 1-OF-8 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = -0.2V 

Commercial: T A = 0°Cto +70°C;V C c= 5.0V ±5% 

Military: T A = -55°C to + 125°C; V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS! 1 ) 

MIN. 

TYP.P) 

MAX. 

UNIT 

Yh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V ,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current 


v, =v cc 

- 

- 

5 


Vcc = Max. 

V, = 2.7V 


- 

5«> 

PA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5(4) 


V, = GND 

- 

- 

-5 


Yk 

Clamp Diode Voltage 

Vfcc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

\fcc = Max. (3) .Vo = GND 

-60 

-120 

- 

mA 



V cc = 3 ^- Yn = V LC 0r V HC' 'oh = _32 PA 

Yhc 

Ysc 



Vqh 

Output LOW Voltage 


Iqh — - 300pA 

1 


- 



l 0H = -12mA MIL. 

MM 

mm 

- 

V 



Ioh = -15mA COM'L. 

mm 

mm 

- 




v cc = 3 V -Yn = V LC v 

HC* ioL = 300 pA 

~ 

GND 

V LC 



Output HIGH Voltage 

v cc = Min. 
v in = Yh or V 1L 

Iol = 300pA 

~ 

GND 

Vlc 


V OL 

Iol = 32mA MIL. 

~ 

0.3 

0.5 

V 



Iol = 48mA COM’L. 

- 

0.3 

0.5 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


mss 

RATING 

COMMERCIAL 

MILITARY 

EEE3 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

t a 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stq 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

lour 

DC Output Current 

120 

120 

mA 


NOTE: 


CAPACITANCE (T A -+ 25 »c.f - i.omhz) 


SYMBOL 

PARAMETER! 1 ) 

CONDITIONS 



Pffffl 

C IN 

Input Capacitance 

V| N =0V 

6 

m 

PF 

^OUT 

Output Capacitance 

Mdut = 0V 

8 

mm 

■a 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 
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I DT54/74FCT1 38/A FAST 
CMOS 1-OF-8 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 


V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc “ Max. 

V IN > Mho : V|N < V lc 

f. = 0 

■ 

0.001 

1.5 

mA 

A'cc 

Quiescent Power Supply Current 
TTL Inputs HIGH 

M:c = Max. 

V IN = 3.4V (3) 

- 

0.5 

2.0 

mA 

B 

(4) 

Dynamic Power Supply Current 

Vcc= Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

V IN > V HC 

V|N < V LC 

■ 

0.15 

0.3 

mA/ 

MHz 


Total Power Supply Current (6) 

V cc = Max- 

Outputs Open 
fi = 10MHz 

50% Duty Cycle 

One Input Toggling 

V IN > Hhc 

Mn < V LC 

(FCT) 

- 

1.5 

D 

mA 

V| N = 3.4V 

V IN = GND 

■ 

1.8 

5.5 

Vcc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

One Input Toggling 

Vin > V HC 

Mn < v LC 
(FCT) 

■ 

0.38 

2.3 (5 » 

V,n= 3.4V 

V IN = GND 

■ 

0.63 

3.3 (5) 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c ~ •quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + 'ccd (fcp/2 + f| N, ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N| = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT138/A FAST 
CMOS 1-OF-8 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Aq - A 2 

h'h 

e 3 

60- o 7 

Address Inputs 

Enable Inputs (Active LOW) 

Enable Input (Active HIGH) 

Outputs (Active LOW) 


TRUTH TABLE 


INPUTS 

OUTPUTS 

Ei 

E 2 

E, 

Ao 

Ai 

a 2 

O 0 

Oi 

0 2 

O3 

0 4 

O5 

o 6 


H 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

L 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


■■ 


mnm 


mm 

L 

H 

H 

H 

H 

H 

H 

H 




H 

L 


H 

L 

H 

H 

H 

H 

H 

H 




L 

H 


H 

H 

L 

H 

H 

H 

H 

H 

u 

mm 


H 

H 

19 

H 

H 

H 

L 

H 

H 

H 

H 

■■ 

H 


L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 




H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 




L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

U 



H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION (1) 

IDT54/74FCT138 

IDT54/74FCT138A 

UNIT 

Q| 

COM’L 

MIL. 

TYP.® 

COM’L. 

MIL 

MIN.® 

MAX. 

— 1 

MAX. 

MIN.® 

MAX. 

MIN.® 

MAX. 

m 

Propagation.Delay 

A 0 to O n 

C L = 50pF 

R L = 5000 

7.0 

D 

9.0 

1.5 

12.0 

D 

□ 

5.8 

1.5 

7.8 

ns 

■SB 

m 

■IKlIilSSiS 

6.0 

1.5 

9.0 

1.5 

12.5 

H 

1.5 

5.9 

1.5 

8.0 

ns 

*PLH 

*PHL 

Propagation Delay 

E 3 to O n 

6.0 

1.5 

9.0 

1.5 

12.5 

m 

1.5 

5.9 

1.5 

8.0 

ns 


NOTES: 

1. See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 
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IDT54/74FCT138/A FAST 
CMOS 1-OF-8 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 






FAST CMOS DUAL 
1-OF-4 DECODER 


IDT54/74FCT1 39 
IDT54/74FCT1 39A 


FEATURES: 

• IDT54/74FCT139 equivalent to FAST ™speed; 
IDT54/74FCT139A 35% faster than FAST™ 

e Equivalent to FAST ™ output drive over full temperature and 
voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5 jjA max.) 

• Dual 1-of-4 decoder with enable 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT 54/74 F CT 139 and IDT54/74FCT139A are dual 1-of-4 
decoders built using advanced CEMOS™, a dual metal CMOS 
technology. The devices have two independent decoders, each of 
which accept two binary weighted inputs (A 0 -Ai) and provide four 
mutually exclusive active LOW outputs (O 0 -O 3 ). Each decoder 
has an active LOW enable (E). When E is HIGH, all outputs are 
forced HIGH. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 


PaC 

A 0a P 

AiaC 

GoaC 

s,.[= 

SaC 

53a C 
GND C 


15 

P16-1, 14 
D16-1, 13 
SOI 6-1 
& 12 
E16-1 11 

10 


v cc 

A 0b 
A ib 
® 0 b 

Olb 

P <5 2b 

P 


DIP/SOIC/CERPACK 
TOP VIEW 



TOP VIEW 


A Ob 

A ib 

NC 

°0b 

®lb 


F a A 0a A 1a E b A 0 b A 1b 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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IDT54/74FCT139/A FAST 
CMOS DUAL 1-OF-4 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ CAPACITANCE (T a = + 25 °c, f = i.omhz) 


NOTE: 

1. This parameter is measured at characterization but not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
IN GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2 V; V HC = V cc - 0.2V 

Commercial: \ = 0°Cto +70°C; V cc = 5.0V ±5% 

Military: T A = -55°Cto + 125°C; V cc = 5.0V ±10% 


10 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5 , 0 V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

MM 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 


Input HIGH Current 


V, = V;c 


- 

5 


■|H 

V cc — Max. 

V, = 2.7V 

- 

- 

5 (4) 

pA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

_ 5 (4) 


V, = GND 

- 

- 

-5 


Mk 

Clamp Diode Voltage 

\fc c = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

Vfc c = Max! 3 ', V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, Mn = V LC or V HC , I 0 h = -32pA 

pa 

v cc 

- 


Vqh 

Output LOW Voltage 

c b 

ii n 

O _ 
>°>- 

Iqi_j — - 300pA 

WM 

Mic 

- 



l 0H = -12mA MIL. 

El 

■a 

- 

V 



I 0H = -15mA COM’L. 

El 

mm 

- 




Vcc — 3V, V|n — V(_ c or V^c. Iql - 300pA 

- 

GND 

Vlc 


V 0 L 

Output HIGH Voltage 

V cc = Min. 
v in = v ih or V iL 

Iol = 300pA 

- 

GND 

Vlc 


Iol = 32mA MIL. 

- 

0.3 

0.5 

V 



Iol = 48mA COM’L. 

- 

0.3 

0.5 



BBS 

RATING 

COMMERCIAL 

MILITARY 


Vjerm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

■ 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

' T b ,as 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pr 

Power Dissipation 

0.5 

0.5 

w 

'out 

DC Output Current 

120 

120 

mA 


SYMBOL 

PARAMETERS 

CONDITIONS 




C IN 

Input Capacitance 

.< 

z 

II 

o 

< 

6 

E3 

PF 

^OUT 

Output Capacitance 

Vqut = 0V 

8 

O 

PF 
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I DT 54/74 FCT 1 39/ A FAST 
CMOS DUAL 1-OF-4 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V C c - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Mcix. 

V|N 5V hc ;V (N 5 M.C 

f| = o 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4 V ( 3 ) 

- 

0.5 

2.0 

mA 

n 

Dynamic Power Supply Current <4) 

Vfcc = Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

o O 

A! VI 

> ? > ? 

■ 

0.15 

0.3 

mA/ 

MHz 


Total Power Supply Current* 61 

Vcc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

One Input Toggling 

V IN S V HC 

V,N < V uc 
(FCT) 

■ 

1.5 

D 

mA 

■ 

1 

■ 

1.8 

5.5 

Vcc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

One Input Toggling 
on Each Decoder 

V,N > V HC 

VlN < V LC 
(FCT) 


3.0 

7 5 (5) 

V IN = 3.4V 

V IN = GND 

■ 

3.5 

9.5< s > 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - •c = •quiescent + •inputs + •dynamic 

•c = ^CC + Alec + IcCD ( f Cp/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

•ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N| = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT139/A FAST 
CMOS DUAL 1-OF-4 DECODER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


INPUTS 

OUTPUTS 

E 

A 0 

Ai 

O 0 

o, 

Oz 

* 

H 

X 

mm 

n 

n 

mm 

D 

L 

L 


MM 



I 

L 

H 

B. 

H 

B 

1 

■9 

L 

L 

H 

H 

H 

B : 


L 

H 

H 

H 

H 

H 

WM 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

A 0 , a, 

~®3 

Address Inputs 

Enable Inputs (Active LOW) 

Outputs (Active LOW) 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT139 

IDT54/74FCT139A 


SYMBOL 

PARAMETER 

CONDITION 01 

typ. (3) 

COM’L 

MIL 

TYP.°> 

COM’L 

MIL 

UNIT 




MIN. 01 

MAX. 

MIN. 01 

MAX. 

MIN. 01 

MAX. 

MIN. 01 

MAX. 


Hfl 

Propagation Delay 

A 0 or A, to On 

C L = 50pF 

6.0 

1.5 

9.0 

1.5 

12.0 

B 

1.5 

5.9 

1.5 

7.8 

ns 

l PLH 

tpHL 

Propagation Delay 

E a or E 0 to O n 

R u = 5000 

5.5 

1.5 

8.0 

1.5 

9.0 

4.0 

1.5 

5.5 

1.5 

B 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 


ORDERING INFORMATION 

IDTXXFCT A X X 

Temp. Range Device Type Package Process 
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Blank Commercial 


B MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

SO Small Outline 1C 

L Leadless Chip Carrier 

E CERDIP 

139 Dual 1-of-4 Decoder 

139 A Fast Dual 1-of-4 Decoder 

154 -55°Cto +125°C 

174 0°Cto +70°C 
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FEATURES: 

• IDT54/74FCT161/163 equivalent to FAST™ speed; 
IDT54/74FCT1 61 A/1 63A 35% faster than FAST 

• Equivalent to FAST™ output drive over full temperature and 
voltage supply extremes 

• Iol =48mA (commercial), 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST™ (5pAmax.) 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54/74FCT 161/163 and IDT54/74FCT161A/163A are 
high-speed synchronous modulo-16 binary counters built using 
advanced CEMOS ™ , a dual metal CMOS technology.They are 
synchronously presettable for application in programmable divid- 
ers and have two types of count enable inputs plus a terminal count 
output for versatility in forming synchronous multi-stage counters. 
The IDT54/74FCT161 and IDT54/74FCT161A have asynchronous 
Master Reset inputs that override all other inputs and force the out- 
puts LOW. The IDT54/74FCT163 and IDT54/74FCT163A have 
Synchronous Reset inputs that override counting and parallel 
loading and allow the outputs to be simultaneously reset on the 
rising edge of the clock. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

FAST is a trademark of Fairchild Semiconductor Company 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


1987 Integrated Device Technology, Inc. 
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I DT54/74FCT1 61/A & IDT54/74FCT163/A FAST 

CMOS SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


NOTE: 

1. This parameter is measured at characterization but not tested. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C; \{. c = 5.0V±5% 


10 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


Military: T A = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V IH 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V 1L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- • 

0.8 

V 

l|H 

Input HIGH Current 


M = V cc 

- 

- 

5 


Vcc — Max. 

V, = 2.7V , 

- 

- 

WJ 

pA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5( 4 ) 


V| = GND 

- 

- 

-5 


V,K 

Clamp Diode Voltage 

Vcc = Min.. In = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

V cc = Max.* 3 * V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V IN = V LC or V HC , Iqh = _32 pA 

v hc 


- 

■ 

Vqh 

Output HIGH Voltage 


Ioh ~ -300pA 

■H 

wzm 

- 


l OH = -12mA MIL. 

mm 

mm 

- 

1 1 



I 0H = -15mA COM’L. 

mm 

mm 

- 




Vcc ~ 3V, V ir g — Vj_c or V^c, Iql“ 300pA 

- 

GND 

wm 



Output LOW Voltage 

V cc = Min. 
v in = v iH or V| L 

1 ol “ 300pA 

- 

GND 

V LC 


V OL 

l 0L = 32mA MIL. 

- 

0.3 

0.5 




| 0L = 48mA COM’L. 

- 

0.3 




CAPACITANCE (T a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

Vin = 0V 

6 

10 

PF 

^OUT 

Output Capacitance 

Vout = OV 

8 

12 

PF 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

"*BIAS 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

W 

'out 

DC Output Current 

120 

120 

mA 


PIN CONFIGURATIONS 


cp c 
PoC 
P,C 
P 2 C 
P 3 C 
cep C 

GND C 


PI 6-1, 
D16-1, V 
S016-1... 
& 12 
E16-1 ii 


□ Vcc 

□ TC 

□ °o 

□ Q, 

□ o 2 

□ 0 3 

□ CET 

□ FF 


DIP/SOIC/CERPACK 
TOP VIEW 



TOP VIEW 


5R FOR '163 
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IDT54/74FCT161/A & IDT54/74FCT163/A FAST 

CMOS SYNCHRONOUS PRESETTABLE BINARY COUNTERS MILITARY AND COMMERCIAL'TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS (IDT54/74FCT161/A) 

V LC = 0.2V; V HC = Vcc - 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. <2) 

MAX. 

UNIT 

a 

Quiescent Power Supply Current 

V cc = Max. 

Vcc 2 V HC ’ V IN < M_ c 

‘cp - f| - ° 


0.001 

1.5 

mA 

Alec 

Power Supply Current per 

TTL Input HIGH 

V cc = Max 

V| N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current (4) 

V cc = Max. 

Outputs Open 

Load Mode 

CEP = CET = PE = GND 
MR = V cc 

One Bit Toggling 

50% Duty Cycle 

V|N > V HC 

V,N < V LC (FCT) 

1 

0.15 

0.25 

mA/MHz 

1 

Total Power Supply Current (S) 

v cc = Max. 

Outputs Open 

Load Mode 
f cp = 10MHz 

50% Duty Cycle 

CEP = CET = RE = GND 
MR = V cc 

Four Bits Toggling 
at f| = 5MHz 

50% Duty Cycle 

V|N > V HC 

V,n < V LC (FCT) 


3.75 

7.75 (S) 

mA 

mm 

■ 

5.0 

12.75 (5) 


POWER SUPPLY CHARACTERISTICS (IDT54/74FCT163/A) 

V LC = 0.2V; V HC - Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. (2) 

MAX. 

UNIT 

u 

Quiescent Power Supply Current 

V cc = Max. 

Vcc S Vhc : V| N < V LC 
'cp - f| - 0 

■ 

0.001 

1.5 

mA 

Alec 

Power Supply Current per 

TTL Input HIGH 

Vcc = Max -, 

VJ N =3.4V< 31 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current <4) 

Vqq — Max. 

Outputs Open 

Load Mode 

CEP = CET = PE = GND 
SR — V C c 

One Bit Toggling 

50% Duty Cycle 

V1n 5 V HC 

V,n < V LC (FCT) 

1 

0.15 

0.25 

mA/MHz 

b 

Total Power Supply Current (6) 

Vcc = Max. 

Outputs Open 

Load Mode 
f CP = 10MHz 

50% Duty Cycle 

CEP = CET = PE = GND 
SR = Vqq 

Four Bits Toggling 
at f i = 5MHz 

50% Duty Cycle 

V|N S V HC 

V 1N < V LC (FCT) 

■ 

3.75 

7.75 ,S) 

mA 

V IN = 3.4V or 

V )N = GND 


5.0 

12.75 1 51 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V. +25° C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6. I c = Iquiescent + Inputs + Dynamic 

lc = ^cc + Alec D h N t + l CCD (f C p/2 + f| N| ) 
lcc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT161/A & IDT54/74FCT163/A FAST 

CMOS SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 

PIN NAMES 

DESCRIPTION 

CEP 

Count Enable Parallel Input 

CET 

Count Enable Trickle Input 

CP 

Clock Pulse Input (Active Rising Edge) 

MR ('161) 

Asynchronous Master Reset Input (Active LOW) 

SR (’163) 

Synchronous Reset Input (Active LOW) 

P 0-3 

Parallel Data Inputs 

Pi 

Parallel Enable Input (Active LOW) 

Q(D-3 

Flip-Flop Outputs 

TC 

Terminal Count Output 


TRUTH TABLE (2) 


SR(’) Pi CET CEP 


ACTION ON THE RISING 
CLOCK EDGE (S) 


Reset (Clear) 

H L X X Load (P n — *- Q n ) 

H H H H Count (Increment) 

H H L X No Change (Hold) 

H H X L No Change (Hold) 


NOTES: 

1. For FCT1 63/1 63A only. 

2. H = HIGH Voltage Level, L = LOW Voltage Level, X = Don't Care 



SWITCHING CHARACTERISTICS OVER OPERATING RANGE 



tpLH 

Propagation Delay CP to O n 

tpHL 

(Pi Input HIGH) 

tpLH 

Propagation Delay CP to Q n 

tpHL 

(PI Input LOW) 

tpLH 

Propagation Delay 

l PHL 

CP to TC 

tpiH 

Propagation Delay 

tpHL 

CET to TC 

l PHl 

Propagation Delay MR to Q n 

(FI 61 ) 


Propagation Delay 

*PHL 

MRtoTC 

tsu(H) 

Set-up Time, HIGH or LOW 

tsu(l-) 

P n to CP 

t H (H) 

Hold Time, HIGH or LOW 

t H (U 

P n to CP 

tsu(H) 

Set-up Time, HIGH or LOW 

tsu(L) 

PI or SR to CP 

t H (H) 

Hold Time, HIGH or LOW 

t H (L) 

PI or SR to CP 

tsu(H) 

Set-up Time, HIGH or LOW 

tsu(L) 

CEP or CET to CP 

*h(H) 

Hold Time, HIGH or LOW 

*h(L) 

CEP or CET to CP 

t w (H) 

Clock Pulse Width (Load) 

tw(L) 

HIGH or LOW 

tw(H) 

Clock Pulse Width (Count) 

tw(L) 

HIGH or LOW 

tw(L) 

MR Pulse Width, LOW 

(’F161) 

^REM 

Recovery Time MR to CP 
(’FI 61 ) 


IDT54/74FCT161 

IDT54/74FCT163 



MIL. 

COM’L 


typ. (3) 


MAX. 

TYP.P> 

7.0 

2.0 

11.5 

2.0 

11.0 

D 

7.0 

2.0 

10.0 

2.0 

9.5 

1 

10.0 

2.0 

16.5 

2.0 

15.0 

6.5 

m 

1.5 

9.0 

1.5 

8.5 

3.0 

9.0 

2.0 

14.0 

2.0 

13.0 

5.9 

8.0 

2.0 

12.5 

2.0 

11.5 

5.2 


IDT54/74FCT161A 

IDT54/74FCT163A 


MIL 


MIN.< 2 > 


5.0 5.5 


11.0 13.5 


2.0 


11.0 13.0 



5.0 

5.0 

- 

5.0 

- 

4.0 

4.0 

- 

4.0 

6.0 

8.0 

- 

7.0 

- 

5.0 

7.0 

- 

6.0 

5.0 

5.0 

- 

5.0 

- 

4.0 

4.0 

- 

4.0 

6.0 

6.0 

- 

6.0 

- 

5.0 

5.0 

- 

5.0 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are atVcc = 5.0V, +25°C ambient and maximum loading. 






































































































































































































I DT 54/74 FCT 1 61 /A & IDT54/74FCT163/A FAST 

CMOS SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDTXXFCT XXXX X X 

Temp. Range Device Type Package Process 



Blank Commercial 

B MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

L Leadless Chip Carrier 

SO Small Outline 1C 

E CERPACK 

161 Synchronous Binary Counter 

with Asynchronous Master Reset 
163 Synchronous Binary Counter 

with Synchronous Reset 

161 A Fast Synchronous Binary Counter 

with Asynchronous Master Reset 
1 63A Fast Synchronous Binary Counter 

with Synchronous Reset 

54 -55°C to + 125°C 

74 0°C to +70°C 
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FAST CMOS 

IDT54/74FCT 1 82 

CARRY LOOKAHEAD 

IDT54/74FCT 1 82A 

GENERATOR 



FEATURES: 

• IDT54/74FCT182 equivalent to FAST™ speed; 
IDT54/74FCT182A 35% faster than FAST™ 

• Equivalent to FAST™ speeds and output drive over full 
temperature and voltage supply extremes 

• | 0L = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Carry lookahead generator 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT182 and IDT54/74FCT182A are high-speed 
carry lookahead generators built using advanced CEMOS ™, a 
dual metal CMOS technology. The IDT54/74FCT182 and 
IDT54/74FCT182A are carry lookahead generators that accept up 
to four pairs of active LOW Carry _Propagate (Po . p i . P 2 . P3) and 
Carry Generate (G 0 , G, , G 2 , G 3 ) signals and an active HIGH 
carry input (Cn) and provides anticipated HIGH carries (C n +y, 
Cn+z) across four groups of binary adders. These products also 
have active LOW Carry Propagate (P) and carry generate (G) 
outputs which may be used for further levels of lookahead. 


PIN CONFIGURATIONS 


FiC 

s 0 c 

FoC 

5 3 [I 

F 3 L 

PC 

GND C 


PI 6-1, 14 
D16-1, 13 
SOI 6-1 12 
& 

El 6-1 11 


Vcc 

P 2 

5 2 

Cn 

Cn + x 
Cn+y 


□ s 

ID Cn + 


DIP/SOIC/CERPACK 
TOP VIEW 



FUNCTIONAL BLOCK DIAGRAM 


LCC 

TOP VIEW 


Cn SqFq G 1 Pi G 2 P 2 G 3 P 3 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


I DT 54/74 FCT 1 82/A FAST CMOS 
CARRY LOOKAHEAD GENERATOR 


ABSOLUTE MAXIMUM RATINGS 01 CAPACITANCE (T A = +25«.c.f ~ i.omhz) 


BBS 

RATING 

COMMERCIAL 

MILITARY 

EM] 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to + 1 50 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 


^^221 


C IN 

Input Capacitance 

< 

z 

II 

5 

6 

wm 

pF 

^OUT 

Output Capacitance 

^OUT = 0V 

8 

o 

pF 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V CC -0.2V 

Commercial: T a = 0°Cto +70°C; \^ c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP.* 2 * 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

■a 

•|H 

Input HIGH Current 


V, =\fc c 


- 

5 


V cc = Max. 

V, = 2.7V 

- 

- 

5*4) 

pA 


Input LOW Current 

V, = 0.5V 

- 

- ' 

-5< 4 * 

•IL 


V, = GND 

- 

- 

-5 


V ,K 

Clamp Diode Voltage 

Vfcc = Min.. I N = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

\fcc = Max! 3 * V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V IN = V L c or V H c. Iqh = '32 pA 

— 


- 


v~. 

Output LOW Voltage 


Iqi_i — — 300pA 

V HC 


- 



l 0H = -12mA MIL. 

wm 

wm 

- 

V 



•oh = -15mA COM’L. 

wm 

4.3 

- 





- 

GND 

v LC 


V 0L 

Output HIGH Voltage 

Vcc = Min. 
v in = Mh or V| L 

Iql = 300jjA 

- 

GND 

Vlc 


l 0L = 32mA MIL. 

- 

0.3 

0.5 

V 



I 0L = 48mA COM’L. 

- 

0.3 

0.5 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT182/A FAST CMOS 
CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. <2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Max. 

V|N 5 v hc ;V in 5 M.C 
<1 = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4 V ( 3 ) 

- 

0.5 

2.0 

mA 

H 

(4) 

Dynamic Power Supply Current 

Vcc= Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

Vin s v HC 

V, N < V LC 

■ 

0.15 

0.3 

mA/ 

MHz 

l 

Total Power Supply Current* 5 ' 6 ’ 

Vcc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

One Bit Toggling 

Mn > v HC 

V,N < V L c 
(FCT) 

■ 

1.5 

H 

mA 


■ 

1.8 

5.5 


NOTES; 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc _ 5 .OV. + 25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - *c = Quiescent + ^inputs + Dynamic 

lc = ^cc "h Alec D H N T + Iccd (f C p/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V !N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

loco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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I DT 54/74FCT 1 82/A FAST CMOS 
CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

C n 

Carry Input 

Go - g 2 

Carry Generate Inputs (Active LOW) 

Gi 

Carry Generate Input (Active LOW) 

Gr 

Carry Generate Input (Active LOW) 

Po-Pi 

Carry Propagate Inputs (Active LOW) 

P 2 

Carry Propagate Input (Active LOW) 

P 3 

Carry Propagate Input (Active LOW) 

Cn + x - G^n + z 

Carry Outputs 

G 

Carry Generate Output (Active LOW) 

P 

Carry Propagate Output (Active LOW) 


TRUTH TABLE 


INPUTS 

OUTPUTS 

Cn 

^0 

Fo 


Fi 

S 2 

f 2 

s 3 

P 3 

Sn+x 

S n +y 

Sn + z 

G 

P 

mm 

mm 

H 







L 







X 







L 







X 







H 





H 

X 

L 







H 





X 

X 

X 

H 

H 






L 




X 

H 

H 

H 

X 






L 




L 

H 

X 

H 

X 






L 




X 

X 

X 

L 

X 






H 




X 

L 

X 

X 

L 






H 




H 

X 

L 

X 

L 






H 




X 

X 

X 

X 

X 

H 

H 





L 



X 

X 

X 

H 

H 

H 

X 





L 



X 

H 

H 

H 

X 

H 

X 





L 



L 

H 

X 

H 

X 

H 

X 





L 



X 

X 

X 

X 

X 

L 

X 





H 



X 

X 

X 

L 

X 

X 

L 





H 



X 

L 

X 

X 

L 

X 

L 





H 



H 

X 

L 

X 

L 

X 

L 





H 




X 


X 

X 

X 

X 

H 

H 




H 



X 


X 

X 

H 

H 

H 

X 




H 



X 


H 

H 

H 

X 

H 

X 




H 



H 


H 

X 

H 

X 

H 

X 




H 



X 


X 

X 

X 

X 

L 

X 




L 



X 


X 

X 

L 

X 

X 

L 




L 



X 


L 

X 

X 

L 

X 

L 




L 



L 


X 

L 

X 

L 

X 

L 




L 




H 


X 


X 


X 





H 



X 


H 


X 


X 





H 



X 


X 


H 


X 





H 



X 


X 


X 


H 





H 



L 


L 


L 


L 





L 


H = HIGH Voltage Level 


L = LOW Voltage Level 
X = Don't Care 
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IDT54/74FCT182/A FAST CMOS 
CARRY LOOKAHEAD GENERATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

IDT54/74FCT182 

IDT54/74FCT182A 

UNIT 

typ. <3) 

COM’L 

MIL 

TYP.' 3 ’ 

COM’L 

MIL. 

MIN.' 2 ’ 

MAX. 

f 

MAX. 

MIN.' 2 ’ 

MAX. 

MIN.' 2 ’ 

MAX. 

*PLH 

tpHL 

Propagation Delay 

Cn to Cn+y, 

Cn + y, C n + z 

C L = 50pF 

R l = 5000 

6.0 

2.0 

10.0 

2.0 

16.5 

4.0 

2.0 

6.5 

2.0 

10.7 

ns 

tpLH 

tpHL 

Propagation Delay 

T=b . P, , , to 

Cn + y, Cn + y, Cn + z 

6.0 

1.5 

9.0 

n 

11.5 

4.0 

1.5 

5.8 

1.5 

n 

ns 

tpLH 

tpHL 

Propagation Delay 

G q , G, , S 2 to 

Cn + x, Cn + y. C n + z 

6.0 

1.5 

9.5 

1.5 

11.5 

4.0 

1.5 

6.0 

1.5 


ns 

tpLH 

*PHL 

Propagation Delay 

Pi , P 2 P 3 to 5 

7.0 


11.0 

2.0 

16.5 

4.8 

2.0 

7.0 

2.0 

10.7 

ns 

*PLH 

*PHL 

Propagation Delay 

G n to G 

D 

2.0 

11.5 

2.0 

16.5 

5.0 

2.0 

D 

2.0 

10.7 

ns 

'PLH 

tpHL 

Propagation Delay 

i top 

6.0 

1.5 

8.5 

1.5 

12.5 

4.0 

1.5 

5.5 

1.5 

D 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT 
Temp. Range 


XXXX X X 


Device Type Package Process/ 


Temps 

Rar 

rature 

ge 




Blank 

B 

P 

D 

SO 

L 

E 

182 

182A 


Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Carry Lookahead Generator 
Fast Carry Lookahead Generator 


54 -55°C to + 125°C 

74 0°C to +70°C 
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FEATURES: 

• IDT54/74FCT191 equivalent to FAST™ speed; 
IDT54/74FCT191A 35% faster than FAST 

• Equivalent to FAST output drive over full temperature and 
voltage supply extremes 

• loi = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST (5 jjA max.) 

• JEDEC standard pinout for DIP, LCC and SOIC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT191 and IDT54/74FCT191A are reversible 
modulo-16 binary counters, featuring synchronous counting and 
asynchronous presetting and built using advanced CEMOS™, a 
dual metal CMOS technology. The preset feature allows the 
IDT54/74FCT191 and IDT54/74FCT191Ato be used in program- 
mable dividers. The count enable input, the terminal count output 
and the ripple clock output make possible a variety of methods of 
implementing multiusage counters. In the counting modes, state 
changes are initiated by the rising edge of the clock. 


FUNCTIONAL BLOCK DIAGRAM 

CP U/D P 0 UE P, P 2 P 3 PC 


11 X 



Q 0 Qi G2 O3 


CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT54/74FCT191/A FAST CMOS 
UP/DOWN BINARY COUNTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



Vcc 

Po 

CP 

EC 

TC 

PE 

P 2 

P 3 


DIP/CERPACK/SOIC 
TOP VIEW 



TOfMMEW 


CP 

EC 

NC 

TC 

PC 


ABSOLUTE MAXIMUM RATINGS (1) 


E3mn 

RATING 

COMMERCIAL 

MILITARY 



Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

i 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

'out 

DC Output Current 

120 

120 

mA 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS) 

| CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

< 

z 

II 

o 

< 

10 

10 

PF 

^OUT 

Output Capacitance 

I Vout= 0V | 

12 

12 

PF 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = Vcc -0.2V 

Commercial: IX = 0°Cto +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS! 1 ) 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

MM 

Input HIGH Level 

Guaranteed Logic High Level 


- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 


v, = v cc 

- 

- 

5 


>IH 

V oc = Max. 

V, = 2.7V 

- 

- 

5( 4 ) 

PA 

I.. 

Input LOW Current 

V, = 0.5V 

- 

- 

-5( 4 ) 



V, = GND 

- 

- 

-5 


V|K 

Clamp Diode Voltage 

V C o = Min.. In = -18mA 

- 

-0.7 


V 

'os 

Short Circuit Current 

V cc = Max! 31 , \A, = GND 

-60 

-120 

- 

mA 

■ 


Vcc = 3V, V IN = V LC or V HC . I 0 h= -32 pA 

— 

BMH 

- 


I 1 - 

Output HIGH Voltage 


Ioh = -300pA 


o< 

o 

- 



Ioh = -12mA MIL 

mm 

El 

- 


■ ■ 


Ioh = -15mA COM’L. 

mm 

ma 

- 




Vcc = 3 V, V 1N = V LC or V HC . I 0L = 300pA 


GND 

wm 

MB 


Output LOW Voltage 

ion 

Iol = 300pA 

- 

GND 

Vlc 

I 

I 

! ol = 32mA MIL. 

- 

0.3 

0.5 

1 



Iol = 48mA COM’L. 

- 

0.3 

BEI 



NOTES: 


10 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V G c = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT191/A FAST CMOS 

UP/DOWN BINARY COUNTER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V CC -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ' 

MIN. 

typ. (2) 

MAX. 

UNIT 

■ 

Quiescent Power Supply Current 

V cc = Max. 

V IN 5 V HC : S M.C 

'cp = = 0 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

1 

(4) 

Dynamic Power Supply Current' 

V cc = Max. 

Outputs Open 

Preset Mode 

FL = CE = U/D = 

CP = GND 

One Bit Toggling 

50% Duty Cycle 

v in ^ v hc 
v in £ M_c 

1 

0.15 

0.25 

mA/ 

MHz 

1 

Total Power Supply Current (6) 

Vcc = Max- 
Outputs Open 

Preset Mode 

PL = CE = U/D = 

CP = GND 

Four Bits Toggling 
at f ( = 5MHz 

50% Duty Cycle 

Vin ^ Mhc 

Vin < M.0 
(FCT) 

■ 

3.0 

6.5< 5 > 

mA 

V, N = 3.4V or 

V, N = GND 

■ 

4.0 

10.5< 5 > 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = Quiescent + Inputs + 'dynamic 

'c = 'cc + Alec D H N T + 'cCD (^Cp/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V !N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f, 

All currents are in milliamps and all frequencies are in megahertz. 


DEFINITION OF FUNCTIONAL TERMS RC TRUTH TABLE 


PIN NAMES 

DESCRIPTION 

CE 

Count Enable Input (Active LOW) 

CP 

Count Pulse Input (Active Rising Edge) 

^0-3 

Parallel Data Inputs 

Fl 

Asynchronous Parallel Load Input (Active LOW) 

U/D 

Up/Down Count Control Input 

O 0 -3 

Flip-Flop Outputs 

RC 

Ripple Clock Output (Active LOW) 

TC 

Terminal Clock Output (Active HIGH) 


INPUTS 

OUTPUT 

CE 

TC (1) 

CP 

RC 

L 

mm. 

~u~ 

~U~ 

H 


X 

H 

X 

m 

X 

H 


NOTES: 

1 . TC is generated internally. 

2. H = HIGH Voltage Level, L= LOW Voltage Level, X= Don't Care 


TRUTH TABLES 
MODE SELECT TABLE 


INPUTS 

MODE 

PL 

CE 

U/D 

CP 

n 

n 

L 

_r 

Count Up 

n 

mm 

H 

_r 

Count Down 

in 

X 

X 

X 

Preset (Asynch.) 

LaJ 

H 

X 

X 

No Change (Hold) 
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IDT54/74FCT191/A FAST CMOS 

UP/DOWN BINARY COUNTER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT191 

IDT54/74FCT191A 


SYMBOL 

PARAMETER 

CONDITION (1) 


MIL 

COM’L 


MIL 

COM’L 

UNIT 




typ. (3) 

min. (2) 

MAX. 

min. <2) 

MAX. 

typ. (3> 

min. (2 > 

MAX. 

MIN. (2) 

MAX. 

*PLH 

tpHL 

Propagation Delay 

CP to O n 


8.5 

1.5 

16.0 

2.5 

12.0 

5.5 

1.5 

10.5 

2.5 

7.8 

ns 

■HH 

Propagation Delay 

CP to TC 


10.0 

2.0 

16.0 

3.0 

14.0 

6.5 

2.0 

10.5 

3.0 

9.1 

ns 

m 

Propagation Delay 

CP to RC 


5.5 

1.5 

12.5 

2.5 

8.5 

3.6 

1.5 

8.2 

2.5 

5.6 

ns 

tpLH 

tpHL 

Propagation Delay 
CEtoRC 


5.5 

2.0 

8.5 

2.0 

8.0 

3.6 

2.0 

5.6 

2.0 

5.2 

ns 

tpLH 

*PHL 

Propagation Delay 

U/D to RC 


11.0 

4.0 

22.5 

4.0 

20.0 


4.0 

14.7 

4.0 

13.0 

ns 

n 

Propagation Delay 

U/D to TC 


7.0 

3.0 

13.0 

3.0 

11.0 

m 

3.0 

8.5 

3.0 


ns 

wm 

Propagation Delay 

FJ, to Q n 


10.0 

1.5 

16.0 

2.0 

14.0 

6.5 

1.5 

10.4 

2.0 

9.1 

ns 

n 

Propagation Delay 

PL to Q n 


9.0 

3.0 

14.0 

3.0 

13.0 

5.9 

3.0 

9.1 

3.0 

8.5 

ns 

tsu(H) 

t S u(L) 

Setup Time 

HIGH or LOW 

P n to FL 

C L = 50pF 
R l = 5000 

n 

6.0 

■ 

5.0 

- 

4.0 

5.0 

■ 

4.0 

B 

ns 

t H (H) 

t H (D 

Hold Time 

HIGH or LOW 

P n to PL 


2.0 

1.5 

- 

1.5 

- 

1.5 

1.5 

- 

1.5 

- 

ns 

tsu(D 

Setup Time LOW 

CE to CP 


10.0 

10.5 

- 

10.0 

- 

9.0 

9.5 

- 

9.0 

- 

ns 

»h(L) 

Hold Time LOW 

CE to CP 


0 

0 

- 

0 

- 

0 

0 

- 

0 

- 

ns 

tsu(H) 

^su(L-) 

Setup Time 

HIGH or LOW 

U/D to CP 


12.0 

12.0 

■ 

12.0 


10.0 

10.0 


10.0 

B 

ns 

t H (H) 

<h(L) 

Hold Time 

HIGH or LOW 

U/D to CP 


0 

0 

■ 

0 

■ 

0 

0 

B 

0 

B 

ns 

tw(L) 

PL Pulse Width LOW 


6.0 

8.5 

- 

6.0 

- 

5.5 

8.0 

- 

5.5 

- 

ns 

tw(L) 

CP Pulse Width LOW 


5.0 

7.0 

- 

5.0 

- 

4.0 

6.0 

- 

4.0 

- 

ns 

*rem 

Recovery Time 

PL to CP 


6.0 

B 

- 

6.0 

- 

5.0 

6.5 

- 

5.0 


ns 


NOTES: 



1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at v cc ~ 5.0V, +25°C ambient and maximum loading. 
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IDT54/74FCT191/A FAST CMOS 
UP/DOWN BINARY COUNTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Blank Commercial 

B MIL-STD-883, Class B 

D CERDIP 

E CERPACK 

SO Small Outline 1C 

L Leadless Chip Carrier 

191 Up/Down Binary Counter 

191 A Fast Up/Down Binary Counter 

54 -55°Cto +125°C 

74 0°C to +70°C 





FEATURES: 

• IDT54/74FCT193 equivalent to FAST ™ speed; 
IDT54/74FCT193A 35% faster than FAST ™ 

• Equivalent to FAST™ output drive over full temperature and 
voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT193 and IDT54/74FCT193A are up/down 
modulo-16 binary counters built using advanced CEMOS , a dual 
metal CMOS technology. Separate count-up and count-down 
clocks are used and, in either counting mode, the circuits operate 
synchronously. The outputs change state synchronously with the 
LOW-to-HIGH transitions on the clock inputs. Separate terminal 
count-up and terminal count-down outputs are provided that are 
used as the clocks for subsequent stages without extra logic, thus 
simplifying multiusage counter designs. Individual preset inputs 
allow the circuit to_be used as a programmable counter. Both the 
Parallel Load (PL) and the Master Reset (MR) inputs 
asynchronously override the clocks. 



© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT193/A FAST CMOS 
UP/DOWN BINARY COUNTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


Pi C 
Q, C 
QoC 
CPdC 
CPu C 

0 2 C 

0 3 C 

GND C 


2 15 

3 PI 6-1, 14 

4 D16-1.13 

5 soie-i 12 

0 E16-1 11 

7 10 


□ Vcc 

□ Po 

□ MR 

□ TC D 

□ TCy 

□ Ft 

□ P 2 

□ Po 


DIP/SOIC/CERPACK 
TOP VIEW 


INDEX- 


:] 

4 

1 

18 □ 

MR 

:: 

5 


17 [11 

TU 

:] 

6 

L20-2 

16 □ 

NC 

:] 

7 


15 [I] 

TC 

:] 

8 


14 [I] 

PC 


9 10 11 12 13 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

birr 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T A = + 25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

| CONDITIONS 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

£ 

II 

2 

> 

6 

10 

PF 

C 0 ut 

Output Capacitance 

Vqut — 0V 

8 

12 

PF 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T A = 0°Cto +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto -H25°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

v 

V| L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

mm 


Input HIGH Current 


V, = V cc 

- 

- 

5 


>IH 

V cc = Max. 

V, = 2.7V 

- 

- 


pA 

III 

Input LOW Current 

V, = 0.5V 

- 

- 

-5< 4 ) 


V, = GND 

- 

- 

-5 


V,K 

Clamp Diode Voltage 

V C c = Min.. In = -18mA 

- 

-0.7 

BO 

V 

bo 

Short Circuit Current 

V cc = Max.,* 31 V 0 = GND 

-60 

-120 

- 

mA 

■ 


Vcc = 3V, V| N = V LC or V HC , Iqh = -32pA 

Vhc 

v cc 

- 


1 

Output HIGH Voltage 


Ioh = -300pA 

Vhc 

o< 

o 

- 


1 

Ioh = -12mA MIL. 


wm 

- 




Ioh = -15mACOM’L. 

mm 

mm 

- 


■ 


Vcc = 3V, V IN = V LC orV HC , l 0L = 300pA 

- 

GND 

Hi 



Output LOW Voltage 

Vcc = Min. 

V|N = V| H or V| L 

bL = 300pA 

- 

GND 

V LC 


Iql = 32mA MIL. 

- 

0.3 

0.5 


mSmm 


b L = 48mA COM’L. 

- 

0.3 


Wm 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT193/A FAST CMOS 

UP/DOWN BINARY COUNTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 ! 

MIN. 

typ. <2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

wmmm 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

1 

(4) 

Dynamic Power Supply Current 

Vcc= Max. 

Outputs Open 

Preset Mode 

FL = MR = CPu = 

CP D = GND 

One Bit Toggling 

50% Duty Cycle 

Mn 5 v HC 

V,N < V LC 

1 

0.15 

0.25 

mA/ 

MHz 

1 

Total Power Supply Current (6) 

Nfcc = Max. 

Outputs Open 

Preset Mode 

PL = MR = CP. = 

CP D = GND 

Four Bits Toggling 
at f, = 5MHz 

50% Duty Cycle 

V,N > V HC 

V|N 5 V LC 
(FCT) 

■ 

3.0 

6.5 <5 > 

mA 

V IN = 3.4V or 

V INI = GND 

■ 

4.0 

io/> 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at ^cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = Quiescent + ■inputs + ■dynamic 

■c = ■cc + Alec D H N T + IcCD (fcp/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

CP tJ 

Count Up Clock Input (Active Rising Edge) 

CP n 

Count Down Clock Input (Active Rising Edge) 

MR 

Asynchronous Master Reset (Active HIGH) 

PL 

Asynchronous Parallel Load Input (Active LOW) 

■o-3 

Parallel Data Inputs 

Oq-3 

Flip-flop Outputs 

tc d 

Terminal Count Down (Borrow) Output (Active LOW) 

TCg 

Terminal Count Up (Carry) Output (Active LOW) 


FUNCTION TABLE 


MR 

PL 

c P 0 

cp d 

MODE 

mm 

n 

X 

X 

Reset (Asyn.) 


u 

X 

X 

Preset (Asyn.) 

H 

H 

H 

H 

No Change 


H 

t 

H 

Count Up 

H 

H 

H 

t 

Count Down 
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I DT54/74FCT1 93/A FAST CMOS 

UP/DOWN BINARY COUNTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT193 

IDT54/74FCT193A 


SYMBOL 

PARAMETER 

CONDITION 01 

(3) 

MIL. 

COM’L. 

(3) 

MIL. 

COM’L. 

UNIT 




TYP. 

n 


IMS] 


TYP. 

MIN.< 21 


IMS1 

tm 


*PLH 

tpHL 

Propagation Delay 

CPu or CPd 

TCu orTCo 


7.0 

2.0 

10.5 

2.0 

10.0 

B 

2.0 

6.9 

2.0 

6.5 

ns 

tpLH 

tpHL 

Propagation Delay 

CPu or CPd to Q n 


9.5 

2.0 

14.0 

2.0 

13.5 

6.2 

2.0 

9.1 

2.0 

8.8 

ns 

tpLH 

tpHL 

Propagation Delay 

P n to Q n 


11.0 

2.0 

16.5 

2.0 

15.5 

m 

2.0 

10.8 

2.0 

10.1 

ns 

tpLH 

tpHL 

Propagation Delay 

FI to On 


10.0 

2.0 

13.5 

2.0 

14.0 

6.5 

2.0 

9.1 

2.0 

8.8 

ns 

tpHL 

Propagation Delay 

MR to O n 


11.0 

3.0 

16.0 

3.0 

15.5 

7.0 

3.0 

10.4 

3.0 

10.1 

ns 

'PLH 

Propagation Delay 

MR to TCu 


10.5 

3.0 

15.0 

3.0 

14.5 

6.5 

3.0 

9.8 

3.0 

m 

ns 

tpHL 

Propagation Delay 

MR to TC d 


11.5 

3.0 

16.0 

3.0 

15.5 

m 

3.0 

10.4 

3.0 

10.1 

ns 

tpLH 

tpHL 

Propagation Delay 

PL to TCu or TC D 

C L = 50pF 

R L = 5000 

12.0 

3.0 

18.5 

3.0 

16.5 

8.0 

3.0 

12.0 

3.0 

10.8 

ns 

fpLH 

tpHL 

Propagation Delay 

P n to TCu or TCd 

11.5 

3.0 

16.5 

3.0 

15.5 

B 

3.0 

10.8 

3.0 

10.1 

ns 

t SU (H) 

tsu(L) 

Set-up Time, 

HIGH or LOW 

P n to PL 


a 

6.0 

■ 

5.0 

■ 

4.0 

5.0 

■ 

4.0 

B 

ns 

t H (H> 

t H W 

Hold Time, 

HIGH or LOW 

P n to PL 


2.0 

2.0 


2.0 

H 

1.5 

1.5 

B 

1.5 

B 

ns 

tw(L) 

PL Pulse Width, 

LOW 


6.0 

m 

- 

6.0 

- 

5.0 

6.5 

- 

5.0 

- 

ns 

tw(L) 

CPy or CPd 

Pulse Width, LOW 


5.0 

7.0 

- 

5.0 

- 

4.0 

6.0 

- 

4.0 

- 

ns 

tw(L) 

CPu or CPq 

Pulse Width. LOW 
(Change of Direction) 


10.0 

12.0 

■ 

10.0 

■ 

8.0 

10.0 

B 

8.0 

B 

ns 

tw(H) 

MR Pulse Width, 

HIGH 


6.0 

6.0 

- 

6.0 

- 

5.0 

5.0 

- 

5.0 

- 

ns 

*REM 

_Recovery Time 

PL to CPu or CP D 


6.0 

8.0 

- 

6.0 

- 

5.0 

7.0 

- 

5.0 

- 

ns 

l REM 

Recovery Time 

MR to CPu or CP D 


4.0 

Q 

- 

4.0 

- 

3.0 

3.5 

- 

3.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc = -5.0V, +25°C ambient and maximum loading. 
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FEATURES: 

• IDT54/74FCT240 equivalent to FAST ™ speed; 
IDT54/74FCT240A 40% faster than FAST ™ 

• Equivalent to FAST ™ output drive over full temperature and 
voltage supply extremes 

• Iol = 64mA (commercial) and 48mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL Input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5 jjA max.) 

• Octal buffer/line driver with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87655 is listed on this 
function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The I DT54/74FCT240/A are octal buffer/line drivers built using 
advanced CEMOS ™, a dual metal CMOS technology. The devices 
are designed to be employed as memory and address drivers, 
clock drivers and bus-oriented transmitter/receivers which provide 
improved board density. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 


4 P20-1, 17 

5 D20-1, 16 
e SO20-2 15 

& 

1 E20-1 14 


DIP/SOIC/CERPACK 
TOP VIEW 
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CEMOS is a trademark of Integrated Device Technology. Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 



DECEMBER 1987 


DSC-4013/- 
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IDT54/74FCT240/A 

FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


U8M! 

RATING 

COMMERCIAL 

MILITARY 

BUMI 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

tauT 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER! 1 ) 

CONDITIONS 




C IN 

Input Capacitance 

V, N =0V 

6 


PF 

C OUT 

Output Capacitance 

^GUT = 0V 

8 

o 

pF 


NOTES: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = Vcc - 0.2V 

Commercial: T A = 0°Cto +70°C; Vcc = 5.0V ±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

typ. (2> 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Vu 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

B 

Input HIGH Current 

' 

Vqc = Max. 

< 

ii 

o< 

o 

- 

- 

5 

PA 

V, = 2.7V 

- 

- 

5 (4) 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5<4) 

V, = GND 

- 

- 

-5 

■ 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

& 

II 

o< 

o 


- 

10 

PA 

Vo = 2.7V 


- 

10* 4 ) 

V 0 = 0.5V 

_ 

- 

-10 (4 > 

V 0 = GND 

- 

- 

-10 

V,K 

Clamp Diode Voltage 

Vqc = Min.. I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

V cc = Max.* 3 ’, V 0 = GND 

-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V, N = V LC orV HC , Iqh = -32pA 

Vhc 

Vcc 

- 

V 

V cc = Min. 

Vn = Vh or V| L 

Ioh = -300pA 

Vhc 

o< 

o 

- 

Ioh = -12mA MIL. 

MB 

mm 

- 

Ioh = -15mACOM'L. 

mm 

mm 

- 

V* 

Output LOW Voltage 

Vcc = 3 V,V in = V LC or V HC , l 0L = 300 )jA 

- 

GND 

V L c 

1 

V cc = Min. 

Vn = Vh or Vl 

1 ol = 300pA 

- 

GND 

E! | 

l 0L = 48mA MIL. 

- 

0.3 

0.55 

Iol = 64mA COM’L. 

- 

0.3 

0.55 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5,0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 































































































I DT 54/74 FCT240/A 

FAST CMOS OCTAL BUFFER/LINE DRIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS FOR ’FCT240 

V uc = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 ’ 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc = Max. 

V|n 5 V H c I V IN < V LC 
«. = 0 

■ 

0.001 

1.5 

mA 

A'cc 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V < 3 ’ 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current' 4 ' 

V C c= Max. 

Outputs Open 

OE A = OE b = GND 

One Input Toggling 

50% Duty Cycle 

V|N > V HC 

V,n < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

OE A = OE b = GND 

One Bit Toggling 

V|N S V HC 

V,N < V LC 
(FCT) 

■ 

1.5 

4.0 




Mn = 3.4V 

V, N = GND 

■ 

1.8 

5.0 

mA 


Total Power Supply Current' 6 ’ 

Vcc = Max. 

Outputs Open 
fi = 2.5MHz 

V,N > V HC ( 6 ’ 

V,n < V LC 
(FCT) 


3.0 

6.5 (5 > 



50% Duty Cycle 

OE a = OE b = GND 

Eight Bits Toggling 


■ 

5.0 



14.5< 5 ’ 



NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D h N t + I ccd (fcp/2 + f| N| ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT240/A 

FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

OE A .OE B 

D xx 

Oxx 

3-State Output Enable Input (Active LOW) 

Inputs 

Outputs 


TRUTH TABLE 


INPUTS 

OUTPUT 

5Ea> OE b 

D 

L 

L 

H 

L 

H 

L 

H 

X 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
z = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION* 1 ’ 

IDT54/74FCT240 

IDT54/74FCT240A 

UNIT 

typ.< 3 > 

COM’L 

MIL. 

typ.< 3 > 

COM’L 

MIL 

MIN,* 2 ’ 

MAX. 


MAX. 

MIN.* 2 ’ 

MAX. 

MIN.* 2 ’ 

MAX. 

jpLH 

*PHL 

Propagation Delay 

D n to 0 n 

C L = 50pF 
R l = 5000 

5.0 

1.5 

8.0 

D 

9.0 

3.5 

1.5 

4.8 

m 

5.1 

ns 

l PZH 

tpZL 

Output Enable 

Time 

7.0 

1.5 

10.0 

1.5 

10.5 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

tpHZ 

l PLZ 

Output Disable 

Time 

6.0 

1.5 

9.5 

1.5 

12.5 

ia 

1.5 

5.6 

1.5 

5.9 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, + 25 °C ambient and maximum loading. 


ORDERING INFORMATION 




IDTXXFCT A X X 

Temp. Range Device Type Package Process 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Inverting Octal Buffer/Line Driver 
Fast Inverting Octal Buffer/Line Driver 

-55°C to + 125°C 
0°C to +70°C 
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Integrated Dev ice Technology, Inc. 


FAST CMOS OCTAL IDT54/74FCT241/A 

BUFFER/LINE DRIVER IDT54/74FCT244/A 


FEATURES: 

• IDT54/74FCT241/244 equivalent to FAST ™ speed; 
IDT54/74FCT241 A/244A 35% faster than FAST 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 64mA (Commercial), 48mA (Military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Octal buffer/line driver with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87630 is listed on this func- 
tion. Refer to Section 2/page 2-4. 

PIN CONFIGURATIONS ~ - 



DIP/SOIC/CERPACK *OEr for 'FCT241 

TOP VIEW UEb for 'FCT244 



to 2 m 
o g Q O Q 


TOPWEW 

CEMOS is a trademark of Integrated Device Technology, Inc. 

FAST is a trademark of Fairchild Semiconductor Co. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 


DESCRIPTION: 

The IDT54/74FCT241/244 and IDT54/74FCT241A/244A are oc- 
tal buffer/line drivers built using advanced CEMOS ™, a dual metal 
CMOS technology. The devices are designed to be employed as 
memory and address drivers, clock drivers and bus-oriented trans- 
mitter/ receivers which provide improved board density. 


FUNCTIONAL BLOCK DIAGRAM 



DECEMBER 1987 

DSC-4020/- 
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IDT54/74FCT241A AND IDT54/74FCT244/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
IN GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


10 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vc C = 5.0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current 


v, =v cc 

- 

- 

5 


Vcc - Max. 

V, = 2.7V 

- 

- 

5 (4) 

pA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

_ 5 (4) 



- 

- 

-5 





Vo - Vcc 

- 

- 

10 


loz 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

V 0 = 2.7V 

- 

- 

10 (4 > 


V 0 = 0.5V 

- 

- 

-io (4) 

pA 




V 0 = GND 

- 

- 

-10 


v 1K 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

V cc = Max! 31 , V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V| N = V LC or V HC , l 0H = -32 pA 


Vcc 

- 


VoH 

Output HIGH Voltage 

V cc = Min. 

Vn = Vh or V, L 

l 0H = -300pA 

v HC 

Vcc 

- 


l 0H = -12mA MIL. 

ma 

mm 

- 




1 0H = -15mA COM'L. 

mm 

mm 

- 




Vcc = 3V,V in = V LC or V HC , l 0L = 300pA 

- 

GND 

V LC 

V 

V 0L 

Output LOW Voltage 

V cc = Min. 

Vn = Vh or V| L 

I 0L = 300pA 

- 

GND 

Vlc 


l 0L = 48mA MIL. 

- 

0.3 

0.55 





I 0L = 64mA COM’L. 

- 

0.3 

0.55 


v H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


EEE5H 

RATING 

COMMERCIAL 

MILITARY 

irrrm 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

■ 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

*OUT 

DC Output Current 

120 

120 

mA 


CAPACITANCE (t a = +25°c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 




C IN 

Input Capacitance 

< 

z 

II 

0 

< 

6 

m 

pF 

C OUT 

Output Capacitance 

^OUT= 0V 

8 

o 

pF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 
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I DT54/74FCT241 A AND IDT54/74FCT244/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS FOR ’FCT241 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 ’ 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Max. 

V|N 5 v HC ; v 1N < v LC 

f, =0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4V< 3 ’ 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current’ 4 ’ 

V C c= Max. 

Outputs Open 

OE a = OE b = GND 

One Input Toggling 

50% Duty Cycle 

Mn > V HC 

V,N < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

OE a = OE b = GND 

One Bit Toggling 

V|N > V HC 

V,N < V LC 
(FCT) 

■ 

1.5 

4.0 




V IN = 3.4V 

V, N = GND 

■ 

1.8 

5.0 

mA 

lc 

Total Power Supply Current’ 6 ’ 

Vcc = Max. 

Outputs Open 
f, = 2.5MHz 

Vin > V HC < 6 ’ 

Mn < V LC 
(FCT) 

- 

3.0 

6.5 (5 > 



50% Duty Cycle 

OE a = OE b = GND 

Eight Bits Toggling 


■ 

5.0 

14.5 (5) 



NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V G c - 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - ’c = •quiescent + ’inputs + ’dynamic 

’c = ’cc + A’cc D h N t + ’ccd (fcp/2 + f| N ( ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V !N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

’cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT241A AND IDT54/74FCT244/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS FOR ’FCT244 

V LC = 0.2V; V H c = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP.* 2 * 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

Vqq — Max. 

Vin 5 v HC ; v ]N < v LC 

f| = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

Msc ; Max. 

V IN = 3.4V* 3 * 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current* 4 * 

Vcc = Max. 

Outputs Open 

OE a = OE b = GND 

One Input Toggling 

50% Duty Cycle 

V|N 5 V HC 

Vin < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f ( = 10MHz 

50% Duty Cycle 

OE a = OE b = GND 

One Bit Toggling 

V|M > V HC 

V|N < V LC 
(FCT) 


1.5 

4.0 




V 1N = 3.4V 

V, N = GND 

■ 

1.8 

5.0 

mA 

•c 

Total Power Supply Current* 6 * 

Vcc = Max. 

Outputs Open 
f, = 2.5MHz 

V|N > V HC (S) 

V,N < V LC 
(FCT) 

■ 

3.0 

6.5* 5 * 



50% Duty Cycle 

OE a = OE b = GND 

Eight Bits Toggling 


■ 

5.0 

14.5* 5 * 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6- <c = Quiescent + Inputs + Dynamic 

*c = *cc + Alec D H N T + I ccd (*cp/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f| 

All currents are in milliamps and ail frequencies are in megahertz. 














































IDT54/74FCT241A AND IDT54/74FCT244/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE FOR ’FCT241 


INPUTS 

OUTPUT 


m 

LU 

o 

D 

MU 


L 

L 

H 


H 

H 

H 

L 

X 

Z 


TRUTH TABLE FOR ’FCT244 


PIN NAMES 

DESCRIPTION 

0l A . 

3-State Output Enable Input (Active LOW) 

Dxx 

Inputs 

Oxx 

Outputs 


1. For 'FCT241 use OEg , and for 'FCT244 use OE & 


INPUTS 

OUTPUT 

OEa.OEb 

D 

L 

L 

L 

L 

H 

H 

H 

X 

Z 


H = HIGH Voltage Level X = Don't Care 

L = LOW Voltage Level Z = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR ’FCT241 


SYMBOL 

PARAMETER 

CONDITION 01 

IDT54/74FCT241 

IDT54/74FCT241A (4) 

UNIT 

typ.< 3 > 

COM’L 

MIL. 

typ.< 3 > 

COM’L. 

MIL. 

min/ 21 

MAX. 

MIN.< 21 

MAX. 

min. (2) 

MAX. 

MIN.< 21 

MAX. 

*PLH 

l PHL 

Propagation Delay 

D n to O n 

C L = 50pF 

R l = 5000 

4.0 

1.5 

6.5 

1.5 

7.0 

3.0 

1.5 

m 

1.5 

4.8 

ns 

*PZH 

*PZL 

Output Enable 

Time 

5.5 

1.5 

8.0 

1.5 

8.5 

4.0 

1.5 

5.6 

1.5 

6.0 

ns 

tpHZ 

l PLZ 

Output Disable 

Time 

m 

1.5 

m 

1.5 

m 

3.0 

1.5 

5.0 

1.5 

5.5 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

4. These numbers are preliminary only. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR ’FCT244 


SYMBOL 

PARAMETER 

CONDITION 01 

IDT54/74FCT244 

IDT54/74FCT244A 

UNIT 

typ. (3) 

COM’L. 

MIL. 

typ! 31 

COM’L. 

MIL. 

min. (2) 

MAX. 

min! 21 

MAX. 

min. (2) 

MAX. 

min. (2) 

MAX. 

tpLH 

tpHL 

Propagation Delay 

Dn to O n 

C L = 50pF 
R l = 5000 

D 

1.5 

6.5 

1.5 

7.0 

3.1 

1.5 

ia 

1.5 

ia 

ns 

*PZH 

tpzi 

Output Enable 

Time 

6.0 

1.5 

8.0 

1.5 

8.5 

3.8 

1.5 

5.2 

1.5 

5.5 

ns 

tpHZ 

*PIZ 

Output Disable 

Time 

5.0 

■a 

7.0 

1.5 

B 

3.3 

1.5 

□ 

1.5 

4.9 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at ^cc - 5.0V, +25°C ambient and maximum loading. 
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ORDERING INFORMATION 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Octal Buffer/Line Driver 
Fast Octal Buffer/Line Driver 
Octal Buffer/Line Driver 
Fast Octal Buffer/Line Driver 

-55° C to + 125°C 
0°C to +70°C 





FEATURES: 

• I DT54/74FCT245 equivalent to FAST ™ speed; 
IDT54/74FCT245A 35% faster than FAST™ 

• Equivalent to FAST ™output drive over full temperature 
and voltage supply extremes 

• Iol = 64mA (commercial) and 48mA (military) for both ports 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Non-inverting buffer transceiver 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87629 is listed on this func- 
tion. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT54/74FCT245 and IDT54/74FCT245A are 8-bit non- 
inverting, bidirectional buffers built using advanced CEMOS ™, a 
dual metal CMOS technology. These bidirectional buffers have 
3-state outputs and are intended for bus-oriented applications. The 
Transmit/Receive (T/R) input determines the direction of dataflow 
through the bidirectional transceiver. Transmit (active HIGH) 
enables data from A ports to B ports. Receive (active LOW) enables 
data from B ports to A ports. The Output Enable (OE) Input, when 
HIGH, disables both A and B ports by placing them in High Z 
condition. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 


T/R C i 

Ao C 2 


20 ID Vcc 

19 □ OE 


Al L 3 18 □ Bo 

a 2 C 4 P20-1, 17 ^ B 1 
A 3 C 5 D20-V, ie □ B 2 
A 4 [e SO20-2 15 □ b 3 

A 5 C 7 £20-1 14 ^ B 4 

A 6 C 8 13 □ B, 


A 7 C 9 

GNDC 10 


11 p 67 


DIP/SOIC/CERPACK 
TOP VIEW 


< <° “ > 8 lo 


A, 

□ 4 

1 

18 □ 

Bo 

A 3 

D 5 


17 □ 

Bi 

A. 

IT 6 

L20-2 

18 □ 

b 2 

A s 

□ 7 


15 □ 

b 3 

A e 

□ 8 


14 G 

b 4 


£ K) 11 12 13 

/■x S (D 111 

< Q DQ CQ m 

Topvnsw 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology. Ino. 


DECEMBER 1987 


DSC-4021/- 



I DT 54/7 4 FCT245/A FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS' 1 ’ 



RATING 

COMMERCIAL 

MILITARY 


Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

KZ23 



C IN 

Input Capacitance 

< 

z 

II 

s 

6 

■a 

PF 

■mm 

I/O Capacitance 

^OUT= OV 

8 

wm 

wm 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

Vlc = 0.2V; Vhc = Voc - 0.2V 

Commercial: T A = 0°C to +70°C; V cc = 5.0V ±5% 

Military: T a = -55°Cto +125°C; V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 


V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

■iH 

Input HIGH Current 
(Except I/O pins) 

V cc = Max. 

V, = Vcc 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5< 4 > 

l|L 

Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

-5< 4 > 

V, = GND 

- 

- 

-5 

l|H 

Input HIGH Current 
(I/O pins only) 

V cc = Max. 

< 

11 

o< 

0 

- 

- 

15 

pA 

V, = 2.7V 

- 

- 

15< 4 > 

n 

Input LOW Current 
(I/O pins only) 

V, = 0.5V 

- 

_ 

-15 (4) 

V, = GND 

- 

- 

-15 

V.K 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 


-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 


Em 

EIE 

- 

1 

V cc = Min. 

v in = V| H or V| L 

Ioh = -300pA 

Vhc 

Vcc 

— 

bH = -12mA MIL. 

E9 

mm 

- 

bH = -15mA COM’L. 

2.4 

mm 

- 

V 0L 

Output LOW Voltage 
(Port A and Port B) 

Vcc _ 3V, V| N - \£c or V HC . bL — 300pA 

- 

GND 

BE 

1 


Iql = 3 300pA 

- 

GND 

Vlc 

b L = 48mA MIL. 

- 

0.3 

0.55 

bL = 64mA COM'L. 

- 

0.3 

0.55 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5 . 0 V, + 25 °C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT245/A FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP. (2> 

MAX. 

UNIT 

a 

Quiescent Power Supply Current 

V cc = Max. 

v in 5 Mhc ; Mn < M.C 

f. = o 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4V* 3 ) 

| 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current <4) 

V C c= Max. 

Outputs Open 

OE = GND 

T/R = GND or V cc 

One Input Toggling 

50% Duty Cycle 

Al VI 

■ 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f, = 10MHz 

Vn > v HC 

V|N < V LC 

(FCT) 

■ 

1.5 

4.0 




50% Duty Cycle 

T/R = OE = GND 

One Bit Toggling 

V iN = 3.4V 

V JN = GND 

■ 

1.8 

5.0 



Total Power Supply Current* 6 ) 

V cc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

T/R = OE = GND 

Eight Bits Toggling 

V, N > V HC * 6 ) 

Vn < V LC 
(FCT) 

■ 

3.0 

6.5 (5) 

mA 




■ 

5.0 

14.5 (S > 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc _ 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc Dh^t + 'ccd (fc p/2 + f| N| ) 
l cc = Quiescent Current 

AI C c = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT245/A FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


INPUTS 

OUTPUTS 

OE 

T/R 

L 

L 

Bus B Data to Bus A 

L 

H 

Bus A Data to Bus B 

H 

X 

High Z State 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


PIN NAMES 

DESCRIPTION 

61 

Output Enable Input (Active LOW) 

T/R 

Transmit/Receive Input 

a 0 -a 7 

Side A Inputs or 3-State Outputs 

B0-B7 

Side B Inputs or 3-State Outputs 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

IDT54/74FCT245 

1 DT54/74FCT245A 

UNIT 

typ/ 3 > 

COM’L 

MIL 

typ. (3) 

COM’L 

MIL 

min/ 21 

MAX. 

min. (2) 

MAX. 

MIN/ 21 

MAX. 

MIN/ 21 

MAX. 

l PLH 

tpHL 

Propagation Delay 

A to B, B to A 

C L = 50pF 

R l = 5000 

5.0 

1.5 

7.0 

1.5 

H 

3.3 

1.5 

ia 

1.5 

ia 

ns 

JpZH 

*PZL 

Output Enable Time 

OE to A or B 

6.0 

1.5 

9.5 

1.5 

10.0 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

tpHZ 

tpLZ 

Output Disable Time 

OE to A or B 

6.0 

1.5 

m 

1.5 

10.0 

ia 

1.5 

5.0 

1.5 

6.0 

ns 

tpZH 

*PZL 

Output Enable Time 

T/R to A or B< 4 ) 

6.0 

1.5 

9.5 

1.5 

10.0 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

jpHZ 

tpLZ 

Output Enable Time 
T/R to A or B (4) 

6.0 

1.5 

Q 

1.5 

10.0 

D 

1.5 

5.0 

□ 

6.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V C c = 5.0V, +25°C ambient and maximum loading. 

4. This parameter is guaranteed but not tested. 


ORDERING INFORMATION 

IDTXXFCT XXXX 


Temp. Range Device Type Package 


Process 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 
Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

Non-inverting Buffer Transceiver 
Fast Non-inverting Buffer Transceiver 

-55° C to +125°C 
0°C to +70°C 
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Integrated Device Technology, Inc. 


FAST CMOS 
OCTAL D FLIP-FLOP 
WITH CLEAR . 


IDT54/74FCT273 

IDT54/74FCT273A 


FEATURES: 

• IDT54/74FCT273 equivalent to FAST ™ speed; 
IDT54/74FCT273A 45% faster than FAST ™ 

• Equivalent to FAST™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Octal D flip-flop with clear 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87656 is listed on this 
function. Refer to Section 2/page 2-4. 

PIN CONFIGURATIONS ~~ — 

Vcc 
0 7 
D 7 
D e 
0 8 
0 5 
D 5 

d 4 
0 4 
CP 


DIP/SOIC/CERPACK 
TOP VIEW 

FUNCTIONAL BLOCK DIAGRAM 



DESCRIPTION: 

The IDT54/74FCT273 and IDT54/74FCT273A are octal D flip- 
flops built using advanced CEMOS™, a dual metal CMOS tech- 
nology. The IDT54/74FCT273 and 1DT54/74FCT273A have eight 
edge-triggered D-type flip-flops with individual D inputs and O out- 
puts. The common buffered Clock (CP) and Master Reset (MR) in- 
puts load and reset (clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D input, 
one set-uptime before the LOW-to-HIGH clock transition, is trans- 
ferred to the corresponding flip-flop’s O output. 

All outputs will be forced LOW independently of Clock or Data 
inputs by a LOW voltage level on the MR input. The device is useful 
for applications where the true output only is required and the 
Clock and Master Reset are common to all storage elements. 




CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 

DSC-4015/- 
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IDT54/74FCT273/A FAST CMOS 
OCTAL D FLIP-FLOP WITH CLEAR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS m 


EEE51 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D: 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

'oUT 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 




C IN 

Input Capacitance 


6 

■a 

PF 

Cqut 

Output Capacitance 


8 

■a 

■a 


NOTE: 


1. This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; \^ c = -0.2V 

Commercial: T A = 0°C to + 70°C; Vcc = 5.0V ±5% 

Military: T A = -55°C to +125°C; V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 ) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

■HP 

Input HIGH Current 


< 

11 

0 

- 

- 

5 


m 

V cc = Max. 

V, = 2.7V 

- 

- 

5W 

PA 


Input LOW Current 

V, = 0.5V 

- 

- 

-5*4) 

ML 


V, = GND 

- 

- 

-5 


Mk 

Clamp Diode Voltage 

\Jc c = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

'os 

Short Circuit Current 

\fc c = Max.* 3 ), V 0 = GND 

-60 

-120 

- 

mA 



Msc = 3V, y N = V LC or V HC , l 0H = -32pA 


E9 

- 


V OH 

Output LOW Voltage 

> 

c 0 

5 > 5 

11 11 

> 8 >- 

Ioh = -300pA 

V H c 

v cc 

- 

V 



Ioh = -12mA MIL. 

mm 

wm 

- 





Ioh = -15mA COM'L. 

mm 

KM 

- 




Vcc = 3V, V|N = V LC or V HC , bi = 300pA 

- 

GND 

Vlc 


Mx 

Output HIGH Voltage 


Iol = 300jjA 

- 

GND 

Vlc 


V cc = Min. 

Mn = Mh or V| L 

Iol = 32mA MIL. 

~ 

0.3 

0.5 

V 



| 0L = 48mA COM'L. 

- 

0.3 

0.5 


V H 

Input Hysteresis on Clock Only 

- 

- 

200 

- 

mV 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5 . 0 V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT273/A FAST CMOS 

OCTAL D FLIP-FLOP WITH CLEAR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc -0.2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vcc = Max. 

v in > v HC ; Mm < V LC 

f CP = <i = 0 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Power Supply Current Per TTL 

Inputs HIGH 

Vqq = M cix. 

V, N = 3.4V ( 3 ) 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current < 4 > 

V cc = Max. 

Outputs Open 

MR = V cc 

One Bit Toggling 

50% Duty Cycle 

V|N 2: V HC 

V,n < V LC 

■ 

0.15 

0.25 

mA/MHz 


Total Power Supply Current < 6 > 

Vcc Max. 

Outputs Open 
f cp = 10MHz, 

50% Duty Cycle 

MR = V cc 

One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

V|N 5 V HC 

V,N S V LC 
(FCT) 

■ 

1.5 

4.0 

mA 

Vin = 3.4V 
or 

V, N = GND 

■ 

2.0 

6.0 

V cc = Max. 

Outputs Open 
fcP“ 10MHz, 

50% Duty Cycle 

MR = V cc 

Eight Bits Toggling 
f, = 2.5MHz 

50% Duty Cycle 

V|N 5 V HC 

V|N 5 V LC 
(FCT) 

■ 

3.75 

78 (5) 

V| N = 3.4V 
or 

V )N = GND 

■ 

6.0 

16.8 (5) 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6. I c = I QUIESCENT + 'INPUTS + 'DYNAMIC 

'c = 'cc + A'cc D H N T + I CCD (fcp/2 + f| N| ) 
lcc = Quiescent Current 

AIqc = Power Supply Current for a TTL High Input (V !N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
Nj = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

■ 

Data Inputs 

Master Reset (Active LOW) 

Clock Pulse Input (Active Rising Edge) 

Data Outputs 


TRUTH TABLE 


OPERATING MODE 

INPUTS 

OUTPUT 

MR 

CP 

D n 

On 

Reset (Clear) 

L 

X 

X 

L 

Load T 

H 

t 

h 

H 

Load ’0’ 

H 

t 

1 

L 


H = HIGH voltage steady state 

h = HIGH voltage level one set-up time prior to the LOW-to-HIGH clock 
transition 

L = LOW voltage level steady rate 

I = LOW voltage level one set-up time prior to the LOW-to-HIGH clock 
transition 
X = Don’t Care 

I = LOW-to-HIGH clock transition 
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IDT54/74FCT273/A FAST CMOS 

OCTAL D FLIP-FLOP WITH CLEAR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





1 DT 54/74 FCT273 

IDT54/74FCT273A 


SYMBOL 

PARAMETER 

CONDITION 01 

typ. <3) 

COM’L 

MIL 

typ. (3) 

COM’L 

MIL 

UNIT 




min.< 2 > 

MAX. 


MAX. 

min.< 2 > 

MAX. 

min.< 2 > 

MAX. 


n 

Propagation Delay 
Clock to Output 


7.0 

2.0 

13.0 

2.0 

15.0 

5.0 

2.0 

H 

2.0 

8.3 

ns 

*PLH 

l PHL 

Propagation Delay 

MR to Output 


8.0 

2.0 

13.0 

2.0 

15.0 

5.0 

2.0 

m 

2.5 

8.3 

ns 

*su 

Set-up Time 

HIGH or LOW 

Data to CP 


3.0 

3.0 

- 

3.5 

- 

1.0 

2.0 

- 

2.0 

- 

ns 

»H 

Hold Time 

HIGH or LOW 

Data to CP 

C L = 50pF 

R l = 5000 

1.0 

2.0 

■ 

2.0 

■ 

1.0 

1.5 

u 

1.5 

■ 

ns 

t w 

Clock Pulse Width 
HIGH or LOW 


4.0 

7.0 

- 

7.0 

- 

3.0 

6.0 

- 

6.0 

- 

ns 

t w 

MR Pulse Width 

HIGH or LOW 


4.0 

7.0 

- 

7.0 

- 

3.0 

6.0 

- 

6.0 

- 

ns 

l REM 

Recovery Time 

MR to CP 


3.0 

4.0 

- 

5.0 

- 

1.5 

2.0 

- 

2.5 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT 
Temp. Range 


xxxx 



54 


Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Octal D Flip-Flop w/Clear 
Fast Octal D Flip-Flop w/Clear 

-55 °C to +125°C 


I 


74 


0°C to +70°C 




























































































FEATURES: 

• IDT54/74FCT299 equivalent to FAST ™speed; 

1 DT54/74FCT299A 25% faster than FAST™ 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• 8-input universal shift register 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-86862 is listed on this 
function. Refer to Section 2/page 2-4. 


DESCRIPTION: 

The IDT54/74FCT299 and IDT54/74FCT299A are built using 
advanced CEMOS™, a dual metal CMOS technology. The 
IDT54/74FCT299 and IDT54/74FCT299A are 8-input universal 
shift/storage registers with 3-state outputs. Four modes of opera- 
tion are possible; hold (store), shift left, shift right and load data. 
The parallel load inputs and flip-flop outputs are multiplexed to 
reduce the total number of package pins. Additional outputs are 
provided for flip-flops Qo-Q? to allow easy serial cascading. A 
separate active LOW Master Reset is used to reset the register. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT299/A FAST CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


1 . This parameter is guaranteed by characterization data and not tested. 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2 V; V HC = Vcc - 0.2V 

Commercial: 1* = 0°Cto + 70°C ; ^ = 5.0V±5% 

Military: T a = -55°Cto + 125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 * 

MIN. 

typ.< 2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 
(Except I/O pins) 


O 

>° 

11 

> 

- 

- 

5 


■lH 

Vcc - Max. 

V, = 2.7V 

' - 

- 


pA 

•lL 

Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

-5< 4 > 


V, = GND 

- 

- 

-5 



Input HIGH Currents 
(I/O pins only) 


>3 

II 

- 

- 

15 


•lH 

V cc = Max. 

V, = 2.7V 

- 

- 

IS' 4 * 

pA 

l|L 

Input LOW Currents 
(I/O pins only) 

V, = 0.5V 

- 

- 

nn 


V, = GND 

- 

- 

-15 


Mk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

Vcc = Max! 3 ' V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V 1N = V LC or V HC . I 0H = -32 pA 

mg 

v cc 

- 

mm 

Mdh 

Output HIGH Voltage 


•oh = -300pA 

Vhc 

v cc 

- 

1 . 

•oh = -12mA MIL. 

ESI 

Bl 

- . 




•oh = -15mA COM'L. 

mam 


- 

1 



Vcc — 3V, V|n — Vlc or V HC , Iql— 300pA 

- 

GND 

V LC 



Output LOW Voltage 

Vcc = Min. 

Mn = Mh or V| L 

Iol = 300pA 

- 

GND 

Vlc 


Mx 

Iol = 32mA MIL. 

- 

0.3 

0.5 

V 



Iol = 48mA COM'L. 

- 

0.3 

0.5 


Mn 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 



RATING 

COMMERCIAL 

MILITARY 

iron 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

"•bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

CONDITIONS 




c IN 

Input Capacitance 

V, N =0V 

6 

■a 

pF 

C l/0 

I/O Capacitance 

Vqut= 0V 

8 

0 

pF 


NOTE: 



































































































I DT 54/74 FCT299/A FAST CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ’ 

MIN. 

TYP.' 2 ’ 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vcc = Max. 

v IN >v HC ;v IN < v LC 

*cp = = 0 

■ 

0.001 

1.5 

mA 

o 

o 

<1 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current' 4 ’ 

V cc = Max. 

Outputs Open 

OE, = OE 2 = GND 

MR = V cc 

= ®1 = v cc 

DS 0 = DS, = GND 

One Bit Toggling 

50% Duty Cycle 

V IN S Mnc 

Vin < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
fcp= 1.0MHz 

50% Duty Cycle 

OE 1 = OE2 = GND 

MR = V cc 

So = S, = V cc 

DSq = DS 7 = GND 

One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

Mn 5 v HC 
^N < V LC 

(FCT) 

■ 

n 

4.0 



Total Power Supply Current' 6 ’ 

e<e< 

II >1 

O P 5 
a < 

■ 

2.0 

6.0 

mA 


V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

OE, = OE z = GND 

MR = V cc 

Sq = Si = Vcc 

DSq = DS 7 = GND 
Eight Bits Toggling 
at f, = 2.5MHz 

50% Duty Cycle 

V|N > V HC 

Vin < v LC 

(FCT) 

1 

3.75 

7.8 < 5 > 





6.0 

16.8' 5 ’ 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + 'ccd ("cp^ + f| N; ) 

'cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 

N | = Number of Inputs at f, 1 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT299/A FAST CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

CP 

Clock Pulse Input (Active Edge Rising) 

DS 0 

Serial Data Input for Right Shift 

ds 7 

Serial Data Input for Left Shift 

So- S 7 

Mode Select Inputs 

MR 

Asynchronous Master Reset Input (Active LOW) 

0 | 

_m| 

°l 

ml 

ro 

3-State Output Enable Inputs (Active LOW) 

l/O 0 - I/O 7 

Parallel Data Inputs or 3-State Parallel Outputs 

r- 

o 

o 

o 

Serial Outputs 


TRUTH TABLE 



INPUTS 



MR 

Si 

So 

CP 


L 

X 

X 

X 

Asynchronous Reset Q 0 -Q 7 = LOW 

H 

H 

H 

X 

Parallel Load; I/O — fQ n — *Q n 

H 

L 

H 

X 

Shift Right; DS 0 — +Q 0 , Q 0 — i kQ, . etc. 

H 

H 

L 

X 

Shift Left; DS 7 — fQ 7 , Q 7 — f0 6 . etc. 

H 

L 

L 

X 

Hold 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 



NOTES: 

1. See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at v cc _ 5 ,0V, + 25°C ambient and maximum loading. 
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I DT54/74FCT299/A FAST CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IDTXXFCT XXXX X X 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 

Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

8-Input Universal Shift Register 
Fast 8-Input Universal Shift Register 

-55 °C to +125°C 

0°C to +70°C 
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1 

11 

FAST CMOS OCTAL IDT54/74FCT373 

Integrated De 

iw 

7 ice Technology. Inc. 

TRANSPARENT LATCH IDT54,74FCT373A 


FEATURES: 

• IDT54/74FCT373 equivalent to FAST™ speed; 
IDT54/74FCT373A 35% faster than FAST™ 

• Equivalent to FAST™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Octal transparent latch with enable 

• JED EC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87644 is listed on this 
function. Refer to Sction 2/page 2-4. 


DESCRIPTION: 

The IDT54/74FCT373 and IDT54/74FCT373A are 8-bit latches 
built using advanced CEMOS ™, a dual metal CMOS technology. 
These octal latches have 3-state outputs and are intended for bus- 
oriented applications. The flip-flops appear transparent to the data 
when Latch Enable (LE) is HIGH. When LE is LOW, the data that 
meets the set-up times is latched. Data _appears on the bus when 
the Output Enable (OE) is LOW. When OE is HIGH, the bus output 
is in the high impedance state. 


PIN CONFIGURATIONS 



P Vcc 
0 7 
D 7 
De 
0 6 
°5 

D 5 

d 4 
0 4 
LE 


DIP/SOIC/CERPACK 
TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 



LCC 

TOP VIEW 


D 0 D, D 2 D 3 D 4 D 5 D 6 D 7 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMB ER 1987 

DSC-4017/- 


© 1987 Integrated Device Technology, Inc. 


10-95 














IDT54/74FCT373/A FAST CMOS 

OCTAL TRANSPARENT LATCH MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V CC -0.2V 

Commercial: T a = 0°Cto + 70°C;\(. c = 5.0V±5% 

Military: T a = -55°Cto + 125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 

mm 

Input HIGH Current 


0 

>° 

II 

>■ 

- 

- 

5 


m 

Moc = Max. 

V, = 2.7V 

- 

- 

5< 4 ) 

pA 


Input LOW Current 

V, = 0.5V 

- 

- 

-5I 4 ) 

ML 


V, = GND 

- 

- 

-5 


■ 



Mo = Moc 

- 

- 

10 



Off State (High Impedance) 

Output Current 

Mcc = Max. 

Mo = 2.7V 

- 

- 

10< 4 > 

pA 


Mo = 0.5V 

- 

- 

-10 (4) 

WM 



V 0 = GND 

- 

- 

-10 


Mk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 


-0.7 

-1.2 

V 

•os 

Short Circuit Current 

V cc = Max.* 3 *, V D = GND 

-60 

-120 

- 

mA 



Moc = 3 V,V in = V LC orV HC , l 0 n = -32 pA 

V HC 

Moc 

- 



Output HIGH Voltage 


Iqh ~ -300pA 

Vhc 

Moc 

- 

V 

v OH 

c 0 

II II 

l 0H = -12mA MIL. 

MM 

mm 

- 



•oh = -15mA COM’L. 

MM 

nnn 

- 




Moc — 3V, V IN - V L q orV H Q, l 0L - 300pA 

- 

GND 

M.c 



Output LOW Voltage 

c 0 

S-# 

II II 

Iol = 300pA 

- 

GND 

V LC 


v ol 

l 0L = 32mA MIL. 

- 

0.3 

0.5 

V 



Iol = 48mA COM’L. 

- 

0.3 

0.5 


V H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 



RATING 

COMMERCIAL 

MILITARY 

iTTTTTJ 

v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 


CAPACITANCE (T A = +25°c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

iJ23l 


I^Qi 

C|N 

Input Capacitance 

> 

O 

11 

2 

> 

6 

m 

pF 

Cout 

Output Capacitance 

V 0UT = 0V 

8 

■a 

pF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 
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I DT 54/7 4 FCT37 3/ A FAST CMOS 
OCTAL TRANSPARENT LATCH 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ' 

MIN. 

typ. (2) 

MAX. 

UNIT 

D 

Quiescent Power Supply Current 

Vqq = Max. 

v in > V HC ; V !N < V LC 

f. = o 

■ 

0.001 

1.5 

mA 

O 

o 

<1 

Power Supply Current Per TTL 

Inputs HIGH 

II II 

£8 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current' 4 ' 

V cc = Max. 

Outputs Open 

OE = GND 

LE = V cc 

One Input Toggling 
50% Duty Cycle 

V|N > V HC 

V,N ^ V LC 

1 

0.15 

0.25 

mA/ 

MHz 



V C c = Max. 

Outputs Open 
f, = 10MHz, 

50% Duty Cycle 

OE = GND 

= v cc 

One Bit Toggling 

V|N ^ V HC 

V,N < V L0 
(FCT) 

■ 

1.5 

4.0 



Total Power Supply Current' 6 ' 

V| N = 3.4V 

V, N = GND 

■ 

1.8 

5.0 

mA 

»c 

Vcc = Max. 

Outputs Open 
fi = 2.5MHz 

50% Duty Cycle 

OE = GND 

LE = V CC 

Eight Bits Toggling 

V|N > Vhc 

V,n ^ V LC 
(FCT) 

■ 

3.0 

6.5< 5 ' 



V IN = 3.4V 

V| N = GND 


5.0 

14.5 (5 > 



10 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C o - 5 .OV, +25°C ambient and maximum loading. 

3. PerTTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + I ccd (fcp/2 + f| N| ) 
l cc - Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V iN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Do - D r 

LE 

OE 

O 0 - 0 7 

Data Inputs 

Latch Enables Input (Active HIGH) 

Output Enables Input (Active LOW) 

3-State Latch Outputs 


TRUTH TABLE 


INPUTS 

OUTPUTS 

D„ 

LE 

OE 

0„ 

H 

H 

L 

H 

L 

H 

L 

L 

X 

X 

H 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Z = HIGH Impedance 
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IDT54/74FCT373/A FAST CMOS 
OCTAL TRANSPARENT LATCH 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT373 

IDT54/74FCT373A 


SYMBOL 

PARAMETER 

CONDITION* 1 ’ 

typ.® 

COM’L 

MIL 

typ. (3) 

COM’L 

MIL 

UNIT 




MIN.® 

MAX. 

MIN.® 

MAX. 

MIN.® 

MAX. 

MIN.® 

MAX. 

jpLH 

THL 

Propagation Delay 

D n to O n 


5.0 

1.5 

8.0 

1.5 

8.5 

4.0 

1.5 

5.2 

1.5 

5.6 

ns 

tpZH 

tpZL 

Output Enable 

Time 


7.0 

1.5 

12.0 

1.5 

13.5 

5.5 

1.5 

6.5 

1.5 

El 

ns 

tpHZ 

*PLZ 

Output Disable 

Time 


6.0 

1.5 

m 

1.5 

10.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

l PLH 

tpHL 

Propagation Delay 

LE to O n 

C L = 50pF 
R l = 5000 


2.0 

13.0 

2.0 

15.0 

7.0 

2.0 

8.5 

2.0 

9.8 

ns 

*su 

Set-up Time 

HIGH or LOW 

D n to LE 


1.0 

2.0 

- 

2.0 

- 

1.0 

2.0 

- 

2.0 

- 

ns 


Hold Time 

HIGH or LOW 

D n to LE 


1.0 

D 

- 

1.5 

- 

1.0 

1.5 

- 

1.5 

- 

ns 

t W 

LE Pulse Width 

HIGH or LOW 


5.0 

6.0 

- 

6.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V C c - 5 ,0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT XXXX 


X X 


Temp. Range Device Type Package Process 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 
Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

Octal Transparent Latch 
Fast Octal Transparent Latch 

-55° C to + 125°C 

0°C to +70°C 
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FEATURES: 

• IDT54/74FCT374 equivalent to FAST™ speed; 
IDT54/74FCT374A 35% faster than FAST™ 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Positive, edge-triggered Master/Slave, D-type flip-flops 

• Buffered common clock and buffered common three-state 
control 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87628 is listed on this 
function. Refer to Section 2/page 2-4. 


DESCRIPTION: 


The IDT54/74FCT374 and IDT54/74FCT374A are 8-bit registers 
built using advanced CEMOS ™, a dual metal CMOS technology. 
These registers consist of eight D-type flip-flops with a buffered 
common clock and buffered 3-state output control. When the out- 
put enable (OE) input is LOW, the eight outputs are enabled. When 
the OE input is HIGH, the outputs are in the three-state conditions. 

Input data meeting the set-up and hold time requirements of the 
D inputs is transferred to the 0 outputs on the LOW-to-HIGH transi- 
tion of the clock input. 


PIN CONFIGURATIONS 


IS I d 


2° J VcC 
19 □ 0 7 


3 2 LJ 20 19 


P20-1, 17 
°iL5 D20-1, 16 


0 2 C 8 SO20-2 15 
& 

D 2 C 7 E20-1 14 


'.] 4 

i 

is 1 : 

■;] 5 


17 c: 

:d e 

L20-2 

i6 c: 

.:] 7 


15 c: 

:] a 


14 [I 


D 3 L 8 
O3C 9 
GND Qj 10 


° i s <sis 

a 


DIP/SOIC/CERPACK 
TOP VIEW 


LCC 

TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 


OE 

OUTPUT 

ENABLE 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT374/A FAST CMOS 
OCTAL D REGISTERS (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS™ 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T A = 0°Cto + 70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. (2) 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

■9 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 

Iih 

Input HIGH Current 

Moc ~ Max. 

< 

II 

o< 

O 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5 (4) 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

_ 5 (4) 


- 

- 

-5 

■ 

Off State (High Impedance) 

Output Current 

Moc = Max. 

V 0 = V cc 

- 


10 

pA 

V 0 = 2.7V 

- 

- 

10< 4 > 

V 0 = 0.5V 

- 

- 

-io (4) 


- 

- 

-10 

Mk 

Clamp Diode Voltage 

Vcc = Min,, l N = -18mA 

- 

-0.7 

-1.2 

V 

tas 

Short Circuit Current 

V cc = Max.' 31 V 0 = GND 

-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V| N = V LC or VHc> Iqh = -32 pA 

Vhc 

o< 

O 

- 

1 

V cc = Min. 

Mn = M h or V| L 

Iqh — -300jjA 

£3 

M;c 

- 

l 0H = -12mA MIL. 

mm 

mm 

- 

I 0H = -15mA COM'L. 

EZ1 

mm 

- 

Mol 

Output LOW Voltage 

Vcc = 3V, V, N = V LC or V HC , l 0L = 300pA 

- 

GND 

V LC 

V 

V cc = Min. 

Mn = Mh or V, L 

1 ol = 300pA 

- 

GND 

Vlc 

Iol = 32mA MIL. 

- 

0.3 

0.5 

Iql = 48mA COM'L. 

- 

0.3 

0.5 

v H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 



RATING 

COMMERCIAL 

MILITARY 

BIT? IH 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tqias 

Temperature 

Under Bias 

-55 to + 125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

^OUT 

DC Output Current 

120 

120 

mA 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER 01 

CONDITIONS 

03 


QQQj 

C IN 

Input Capacitance 

_< 

2 

11 

0 

< 

6 

■a 

PF 

C OUT 

Output Capacitance 

Mdut= 0V 

8 

0 

PF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 
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I DT54/74FCT374/A FAST CMOS 
OCTAL D REGISTERS (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 


V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 * 

MIN. 

typ. <2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vqc = Max. 

Vin 2 v HC ; V| N < v LC 

*cp = f| = o 

■ 

0.001 

. 

1.5 

mA 

A'cc 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current 14 * 

V C c= Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

V IN 5 V HC 

Vn < v LC 

■ 

0.15 

0.25 

mA/ 

MHz 

1c 

Total Power Supply Current' 6 * 

Vcc = Max. 

Outputs Open 
f C p = 10MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 
at f | = 5MHz 

50% Duty Cycle 

Mn 5 V HC 

V|N < V LC 
(FCT) 

■ 

1,5 

4.0 

mA 

V IN = 3.4V or 

V, N = GND 

■ 

2.0 

6.0 

V cc = Max. 

Outputs Open 
fcp — 10MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 
at f, = 2.5MHz 

50% Duty Cycle 

V IN 2 V HC 

V IN < M_c 
(FCT) 

■ 

3.75 

7.8< 5 * 

V, N = 3.4V or 

V IN = GND 

■ 

6.0 

16.8 (5 > 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 .OV. + 25°C ambient and maximum loading. 

3. Per TTL driven input (V !N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - lc = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + I ccd ('cp/2 + f| N| ) 

'cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

D, 

The D flip-flop data inputs. 

CP 

Clock Pulse for the register. Enters data on the 
LOW-to-HIGH transition. 

0, 

The register three-state outputs. 

61 

Output Control. Anactive-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the outputs to the high impedance (off) 
state. 


TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 





Q. 


OE 

CLOCK 

o 

o, 

Hi-Z 

H 

L 

X 

z 

NC 

H 

H 

X 

z 

NC 


L 

_jT~ 

n 

L 


LOAD 

L 

__y 

in 

H 


REGISTER 

H 

__y 

MM 

Z 



H 


wM 

Z 

n 


H = 
L = 

X = 
Z = 


NO = 


HIGH 

LOW 

Don't Care 
High Impedance 
LOW-to-HIGH transition 
No Change 
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IDT54/74FCT374/A FAST CMOS 
OCTAL D REGISTERS (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

IDT54/74FCT374 

1 DT54/74 FCT374A 

UNIT 

typ. <3) 

COM’L. 

MIL 

typ. (3) 

COM’L. 

MIL. 

min/ 2 ’ 

MAX. 

min! 2 ’ 

MAX. 

min/ 2 ’ 

MAX. 

min/ 2 ’ 

MAX. 

!plh 

*PHL 

Propagation Delay 

CP to O n 

C L = 50pF 

R u = 5000 

6.6 

2.0 

10.0 

2.0 

11.0 

B 

2.0 

6.5 

2.0 

m 

ns 

tpZH 

tpZL 

Output Enable 

Time 

9.0 

1.5 

12.5 

1.5 

14.0 

5.5 

1.5 

6.5 

1.5 

m 

ns 

tpHZ 

tpLZ 

Output Disable 

Time 

6.0 

1.5 

8.0 

1.5 

8.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

l SU 

Set-up Time 

HIGH or LOW 

D n to CP 

1.0 

2.0 

■ 

2.5 

■ 

1.0 

2.0 

■ 

2.0 

■ 

ns 

»H 

Hold Time 

HIGH or LOW 

D n to CP 

0.5 

2.0 

- 

2.0 

■ 

0.5 

1.5 

- 

1.5 

■ 

ns 

t w 

CP Pulse Width 

HIGH or LOW 

4.0 

7.0 

- 

7.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at v cc - 5.0V, + 25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT 
Temp. Range 


XXXX 


X 


Device Type Package 


Process/ 


Tempe 

Rar 

srature 

jge 




Blank 

B 

P 

D 

SO 

L 

E 

374 

374A 


Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 

Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

Octal D Register (3-state) 
Fast Octal D Register 


54 -55°C to + 125°C 

74 0°C to +70°C 
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FAST CMOS 

IDT54/74FCT377 

OCTAL D FLIP-FLOP 

IDT54/74FCT377A 

WITH CLOCK ENABLE 

r 


FEATURES: 

• IDT54/74FCT377 equivalent to FAST™speed; 
IDT54/74FCT377A 45% faster than FAST ™ 

• Equivalent to FAST ™ output drive over full 
temperature and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5jjA max.) 

• Octal D flip-flop with clock enable 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 

• Standard Military Drawing# 5962-87627 is pending listing on 
this function. Refer to Section 2/page 2-4. 

PIN CONFIGURATIONS 


DESCRIPTION: 

The IDT54/74FCT377 and IDT54/74FCT377A are octal D flip- 
flops built using advanced CEMOS™, a dual metal CMOS tech- 
nology. The IDT54/74AFCT377 and IDT54/74FCT377A have eight 
edge-triggered, D-type flip-flops with individual D inputs and 0 
outputs. The common buffered Clock (CP) input loads all flip-flops 
simultaneously when the Clock Enable (CE) is LOW. The register is 
fully edge-triggered. The state of each D input, one set-up time 
before the LOW-to-HIGH clock transition, is transferred to the 
corresponding flip-flop's O output. The CE input must be stable 
only one set-up time prior to the LOW-to-HIGH clock transition for 
predictable operation. 


CEd 
Oo d 
DoC 
Did 

0,C 
0 2 d 
D 2 d 
D 3 d 
o 3 d 

GND d 


20 


2 19 

3 18 

4 P20-1, 17 

5 D20-1, 16 

6 S020-2 15 

& 

7 E 20-l 14 

8 1 3 

9 12 


U Vcc 
□ 0 7 

□ D 7 

□ D e 

□ Ob 

□ 0 5 

□ D S 

□ d 4 

□ 0 4 
□ CP 


DIP/SOIC/CERPACK 
TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 



LCC 

TOP VIEW 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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I DT54/74FCT377/A FAST CMOS 

OCTAL D FLIP-FLOP WITH CLOCK ENABLE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS^ 



RATING 

COMMERCIAL 

MILITARY 

man 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

HQ 



C IN 

Input Capacitance 

§ 

II 

Z 

> 

6 

■a 

D 

C OUT 

Output Capacitance 

Vqut = 0V 

8 

0 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C;\£. c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS O) 

MIN. 

TYP.< 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

\ 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

a 

Input HIGH Current 

V cc = Max. 

V, = v cc 

- 

- 

5 

pA 

V, = 2.7V 


- 

5< 4 > 

l|L 

Input LOW Current 

V, = 0.5V 

- 

- 

-5< 4 ) 

V, = GND 

- 

- 

-5 

0 

Off State (High Impedance) 

Output Current 

V cc = Max. 

Vo = V C c 

- 

- 

10 

pA 

V 0 = 2.7V 

- 


1 o* 4 ) 

V 0 = 0.5V 

- 

- 

-10 (4) 

V 0 = GND 

- 

- 

-10 

V,K 

Clamp Diode Voltage 

V cc = Min - • n = - 18mA 


-0.7 

-1.2 

V 

•os 

Short Circuit Current 

V cc = Max.* 3 ’, V 0 = GND 

-60 

-120 

- 

mA 

o< 

X 

Output HIGH Voltage 

Vcc = 3V, Vin = V LC or V HC , Iqh = -32pA 

Vhc 

Vcc 

- 

V 


•oh — - 300pA 

Vhc 

v cc 

- 

l 0H = -12mA MIL. 

El 

wa 

- 

I 0H = -15mA COM'L. 

d 

ma 

- 

V 

Output LOW Voltage 

Vcc = 3 V,V in = V LC or V H 

3 , Iql = 300jjA 

- 

GND 

V LC 

1 

V cc = Min. 

Vin = V| H or V| L 

Iol = 300pA 

- 

GND 

V|_c 

Iol = 32mA MIL. 

- 

0.3 

0.5 

Iol = 48mA COM'L. 

- 

0.3 

0.5 

V H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25° C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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I DT 54/74 FCT377/A FAST CMOS 

OCTAL D FLIP-FLOP WITH CLOCK ENABLE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 


V LC = 0.2V; V HC = V cc - 0.2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. <2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc — Max. 

v, N >v HC ;v IN < v LC 

f cp = f| = 0 

■ 

0.001 

1.5 

mA 

A'cc 

Quiescent Power Supply Current 
TTL Inputs HIGH 

Vcc = Max. 

V 1N = 3.4V < 3 ) 

- 

0.5 

2.0 

mA 

■ 

(4) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

CE = GND 

One Bit Toggling 

50% Duty Cycle 

Mn > V HC 

V|N < V LC 

■ 

0.15 

0.25 

mA/ 

MHz 



V cc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

CE = GND 

One Bit Toggling 
atf, = 5MHz 

50% Duty Cycle 

V|N 5 V HC 

V|N < V LC 
(AHCT) 

■ 

1.5 

4.0 



Total Power Supply Current* 6 ’ 

V, N = 3.4V or 

V, N = GND 


2.0 

6.0 

mA 


V C c = Max. 

Outputs Open 
fcp = 1.0MHz 

50% Duty Cycle 

CE = GND 

Eight Bits Toggling 
atf, = 2.5MHz 

50% Duty Cycle 

V 1N > V HC 

V||sl < V LC 
(AHCT) 

■ 

3.75 

7.8< 5 > 



V IN = 3.4V or 

V IN = GND 


6.0 

16.8 (5) 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D h N t + Iqcd (^cp^2 + f, N, ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V 1N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

D0-D7 

Data Inputs 

CE 

Clock Enable (Active LOW) 

O 0 -O 7 

Data Outputs 

CP 

Clock Pulse Input 


TRUTH TABLE 


OPERATING MODE 

INPUTS 

OUTPUTS 

CP 

CE 

D 

O 

Load “1” 

t 

1 

h 

H 

Load "0” 

t 

1 

1 

L 

Hold (Do Nothing) 

t 

X 

h 

H 

X 

X 

No Change 
No Change 


H = HIGH Voltage Level 

h = HIGH Voltage Level one setup time priorto the LOW-to-HIGH Clock 
Transition 

L = LOW Voltage Level 

I = LOWVoltage Level onesetuptime priortothe LOW-to-HIGH Clock 
Transition 
X = Immaterial 

t = LOW-to-HIGH Clock Transition 
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I DT 54/74 FCT 377/A FAST CMOS 

OCTAL D FLIP-FLOP WITH CLOCK ENABLE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT377 

IDT54/74FCT377A 


SYMBOL 

PARAMETER 

CONDITION 01 

typ! 3) 

COM’L 

MIL 

typ! 3) 

COM’L. 

MIL. 

UNIT 




min.< 2! 

MAX. 

min. (2) 

MAX. 

min. (2) 

MAX. 

MIN. (2) 

MAX. 


JpiH 

'PHL 

Propagation Delay 

CP to 0 n 


7.0 

2.0 

13.0 

2.0 

15.0 

5.0 

2.0 


2.0 

8.3 

ns 

*su 

Set-up Time 

HIGH or LOW 

D^ to CP 


1.0 

2.5 

■ 

3.0 

■ 

1.0 

2.0 


2.0 

■ 

ns 

l H 

Hold Time 

HIGH or LOW 

Dh to CP 

C L = 50pF 
R l = 5000 

1.0 

2.0 

■ 

2.5 

■ 

1.0 

1.5 


1.5 

■ 

ns 

l su 

Set-up Time 

HIGH or LOW 

CE to CP 

1.5 

3.0 

- 

3.0 

- 

1.0 

2.0 

- 

2.0 

- 

ns 

»H 

Hold Time 

HIGH or LOW 

CE to CP 


3.0 

4.0 

■ 

5.0 

■ 

1.0 

2.0 

■ 

2.0 

B 

ns 


Clock Pulse 

Width, LOW 


4.0 

7.0 

- 

7.0 

- 

4.0 

6.0 

- 

7.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 


2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT 

XXXX 

X 

X 

Temp. Range 

Device Type 

Package 

Process 


Blank Commercial 


| B MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

- E CERPACK 

SO Small Outline 1C 

L Leadless Chip Carrier 

I 377 Octal D Flip-Flop w/Clock Enable 

1 377A Fast Octal D Flip-Flop w/Clock Enable 

I 54 -55°C to + 125°C 


74 0°C to +70°C 
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FEATURES: 

• IDT54/74FCT399 equivalent to FAST ™ speed; 
IDT54/74FCT399A 30% faster than FAST™ 

• Equivalent to FAST ™ pinout/function and output drive over full 
temperature and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 16-pin DIP and SOIC, and 20-pin LCC 

• Military product compliant to MIL-STD-883, Class B 

• Product available in Radiation Tolerant and Enhanced versions 


DESCRIPTION: 

Both these devices are high-speed quad dual-port registers. 
They select four bits of data from either of two sources (Ports) under 
control of a common Select input (S). The selected data is trans- 
ferred to a 4-bit output register synchronous with the LOW-to-HIGH 
transition of the Clock input (CP) . The 4-bit D-type output register is 
fully edge-triggered. The Data inputs (lox, lix) and Select input (S) 
must be stable only one set-up time prior to, and hold time after, 
the LOW-to-HIGH transition of the Clock input for predictable 
operation. 
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IDT54FCT399/A AND IDT74FCT399/A FAST CMOS 
QUAD DUAL-PORT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



DIP/SOIC/CERPACK 
TOP VIEW 



LOGIC SYMBOL 



PIN DESCRIPTION 


PIN NAMES 

DESCRIPTION 

S 

Common Select Input 

CP 

Clock Pulse Input (Active Rising Edge) 

loA“^OD 

Data Inputs from Source 0 

•lA -I 1D 

Data Inputs from Source 1 

o A - q d 

Register True Outputs 


FUNCTIONAL TABLE 


INPUTS 

OUTPUTS 

S 

lo 

li 

Q 

1 

1 

X 

L 

1 

h 

X 

H 

h 

X 

1 

L 

h 

X 

h 

H 


H = HIGH Voltage Level 
L = LOW Voltage Level 

h = HIGH Voltage Level one set-up time prior to the LOW-to-HIGH clock 
transition 

I = LOW Voltage Level one set-up time prior to the LOW-to-HIGH clock 
transition 
X = Immaterial 




















IDT54FCT399/A AND IDT74FCT399/A FAST CMOS 
QUAD DUAL-PORT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 01 


EEEBH 

RATING 

COMMERCIAL 

MILITARY 


Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°C 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

W 

•oUT 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

mol 



C IN 

Input Capacitance 

V, N = 

6 

B1 

PF 

C OUT 

Output Capacitance 

Mdut = 0V 

8 

■a 

m a 


NOTE: 

1. This parameter is guaranteed by characterization data and not 
tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto + 70°C; V cc = 5.0V ±5% 

Military: T a = -55°Cto +125°C; V cc = 5.0V ±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP. (2) 

MAX. 

UNIT 

X 

>“ 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V|L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 


V, =\fc c 

- 

- 

5 


IH 

Vcc — Max. 

V, = 2.7V 

- 

- 

5< 4 ’ 

PA 


Input LOW Current 

V, = 0.5V 

- 

- 

— 5< 4 ’ 

•iL 


V, = GND 

- 

- 

-5 


V|K 

Clamp Diode Voltage 

V C c = Min., In = -18mA 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

Vb c = Max! 3 ’ V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V !N = V LC or V HC , Iqh = -32pA 

V HC 

Vcc 

- 


V™ 

Output HIGH Voltage 

V cc = M'Ti. 
v iN = V| H or V, L 

Iqi_i — -300pA 

EM 

Vfcc 

- 



I 0 h = -12mA MIL. 

El 

MEM 

- 

V 



! on = -15mA COM L. 

El 

■a 

- 




Vcc — 3V, V, N — V LC Of V HC , Iql — 300jjA 

- 

GND 

TO 



Output LOW Voltage 

V cc = Min. 

Mn = V| H or V iL 

Iol = 300pA 

- 

GND 

Vlc 


V OL 

Iol = 32mA MIL. 

- 

0.3 

0.5 

V 



Iol = 48mA COM'L. 

- 

0.3 

0.5 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
























































































IDT54FCT399/A AND IDT74FCT399/A FAST CMOS 

QUAD DUAL-PORT REGISTER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Mac = Max. 

v,n >v hc ;Vn < v LC 

*cp = f| = 0 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

H 

Dynamic Power Supply Current (4) 

V C c= Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

9 y 

Al VI 

■ 

0.15 

0.25 

mA/MHz 



V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

One Input Toggling 

ViN > V HC 

Mn < V LC 
(FCT) 

■ 

1.5 

4:0 


u 

Total Power Supply Current < 0) 

at f ( = 5MHz 

50% Duty Cycle 

S = Steady State 

V IN = 3.4V 

V IN = r GND 

■ 

2.0 

6.0 

mA 


\fcc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

Four Inputs Toggling 

V|N & V HC 

V, N < V LC 
(FCT) 

■ 

3.75 

7.75 (5) 



at f , = 5MHz 

50% Duty Cycle 

S = Steady State 

Vim = 3.4V 
or 

V IN = GND 

■ 

5.0 

12.75 (5 > 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - ! c = I QUIESCENT + •iNPUTS + ^DYNAMIC 

lc = ^cc + Alee D H N T + I ccd (^cp + f ( N| ) 
l cc = Quiescent Current 

A>cc = Power Supply Current for a TTL High Input (V iN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54FCT399/A AND IDT74FCT399/A FAST CMOS 
QUAD DUAL-PORT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITIONS™ 

IDT54FCT399 

IDT54FCT399A 

UNIT 

typ. (3) 

COM’L 

MIL 

typ. (3) 

COM’L 

MIL. 









tpLH 

tpHL 

Propagation Delay 

CP to Q or Q 

C L = 50pF 

R L = 5000 

6.8 

3.0 

10.0 

3.0 

11.5 

4.0 

2.5 

7.0 

2.5 


ns 

*su 

Set-Up Time 

HIGH or LOW 

In to CP 

3.0 

3.0 

■ 

fl 


2.5 

2.5 

fl 

2.5 

■ 

ns 


Hold Time 

HIGH or LOW 
l n to CP 

1.0 

1.0 

1 

1.5 


1.0 

1.0 

1 

1.0 

■ 

ns 

l su 

Set-Up Time 

HIGH or LOW 

S to CP 

■ 

8.5 

■ 

9.5 


■ 

6.0 

D 

6.0 

B 

ns 

t H 

Hold Time 

HIGH or LOW 

S to CP 

■ 

0 

■ 

0 


■ 

0 

■ 

0 

■ 

ns 

t w 

CP Pulse Width, 

HIGH or LOW ™ 

- 

5.0 

- 

7.0 


■ 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at v cc - 5.0V and +25°C ambient and maximum loading. 

4. This parameter is guaranteed but not tested. 
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IDT54FCT399/A AND IDT74FCT399/A FAST CMOS 
QUAD DUAL-PORT REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


IPTXXFCT . XXXX A A 

Temperature Device Type Package Process 

Range | | | 



Blank Commercial 

B MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

L Leadless Chip Carrier 

SO Small Outline 1C 

E CERPACK 

399 Quad Dual-Port Register 

399A FAST Quad Dual-Port Register 

54 -55°C to + 125°C 

74 0°C to +70°C 
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FEATURES: DESCRIPTION: 

• IDT54/74FCT521 15.0ns max. propagation delay; The IDT54/74FCT521/A/Bare 8-bit identity comparators built 

IDT54/74FCT521 A 9.3ns max. propagation delay using advanced CEMOS™, a dual metal CMOS technology. The 

IDT54/74FCT521 B 7.3ns max. propagation delay devices compare two words of up to eight bits each and provide a 

• Equivalent to FAST™ output drive over full temperature and LOW output when the two words match bit for bit. The expansion 

voltage supply extremes input I a = b also serves as an active LOW enable input. 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST (5 jjA max.) 

• 8-bit identity comparator 

• Product available in Radiation Tolerant and Enhanced versions 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT521/A/B FAST CMOS 

8-BIT IDENTITY COMPARATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS <1) 


BEEBH 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

Iqut 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 





Input Capacitance 

WBBSM 

6 

IB 

PF 

C 0 ut 

Output Capacitance 

ISl 

8 

mm 

mm 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC =V CC - 0.2V 

Commercial: T a = 0°Cto + 70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP. P) 

MAX. 

UNIT 

Yh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Yl 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

ma 

M 

Input HIGH Current 


V, =\fcc 

- 

- 

5 


■S 


V, = 2.7V 

- 

- 

5W 

pA 


Input LOW Current 


V, = 0.5V 

- 

- 

-5* 4 ) 

ML 


' O V.y, : - 

- 

- 

-5 


Yk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

V cc = MaxR V 0 = GND 

-60 

-120 


mA 



Vcc = 3V, V IN = V LC or V HC . I 0 h = -32pA 

MM 

MM 

- 


Ydh 

Output HIGH Voltage 

■ 

Iqh — -300pA 

Mil 

Mil 

- 




Iqh = -12mA MIL. 

mm 

mm 

- 




b H = -15mA COM’L. 

mm 

mm 

- 

1 



Vcc = 3V, y N = V LC or V HC , l 0L = 300pA 

- 

GND 



vl 

Output LOW Voltage 


Iql = 300jjA 

- 

GND 

V L c 

v 

v OL 

Iol = 32mA MIL. 

- 

0.3 

0.5 




Iol = 48mA COM’L. 

- 

0.3 

0.5 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V^ = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT521/A/B FAST CMOS 
8-BIT IDENTITY COMPARATOR 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

T 

o IV II 

2 

O % 

_< 

z 

IA 

r < 

o 

B 

0.001 

1.5 

mA 

Alec 

Power Supply Current Per TTL 

Inputs HIGH 

V cc = Max. 

VJ N = 3.4V< 3 ) 

- 

0.5 

2.0 

mA 

D 

Dynamic Power Supply Current (4) 

V cc = Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

V|N > V HC 

V,N 5 V LC 

■ 

0.15 

0.25 

mA/MHz 

■ 

Total Power Supply Current < 6 > 

Vcc = Max. 

Outputs Open 
f, = 10MHz, 

50% Duty Cycle 

V|M > V HC 

V,N S V LC (FCT) 

- 

1.5 

4.0 (5 > 

mA 

V IN = 3.4V 

V IN = GND 

- 

D 

4.8 (5 > 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

'c = ^QUIESCENT + ^INPUTS + ^DYNAMIC 

'c = *CC + Alec D H N T + I CCD (tepfe + f| N| ) 

l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N ? = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

DEFINITION OF FUNCTIONAL TERMS 


H = HIGH Voltage Level 
L = LOW Voltage Level 
*Aq = B 0 , Ai = Bj, A 2 = B 2 , etc. 


PIN NAMES 

DESCRIPTION 

A 0 - A 7 

Word A Inputs 

Bo _ B 7 

Word B Inputs 

Ia = B 

Expansion or Enable Input (Active LOW) 

= B 

Identity Output (Active LOW) 


TRUTH TABLE 


INPUTS 

OUTPUT 

Ia = b 

A, B 

®A = B 

L 

A = B* 

L 

L 

A # B 

H 

H 

A = B* 

H 

H 

A 4 B 

H 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT521 

IDT54/74FCT521A 


SYMBOL 

PARAMETER 

condition' 1 * 

typ. <3) 

COM'L. 

MIL. 

TYP.' 3 * 

COM’L 

MIL 

UNIT 




MIN. <2) 

MAX. 

MIN.' 2 * 

MAX. 

MIN.' 2 * 

MAX. 

MIN.' 2 * 

MAX. 


jpLH 

1 phl 

Propagation Delay 
An or B n to D A = B 

C L = 50pF 

7.0 

1.5 

11.0 

1.5 

15.0 

5.5 

1.5 

7.2 

1.5 

9.5 

ns 

|pLH 

l PHL 

Propagation Delay 

! A = B to ^A = B 

R L = 5000 

5.0 

1.5 

10.0 

1.5 

9.0 

m 

1.5 

6.0 

1.5 

7.8 

ns 


NOTES: 

1. See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V C c - 5 .OV, +25°C ambient and maximum loading. 































































































I DT54/74 FCT 521 /A/B FAST CMOS 

8-BIT IDENTITY COMPARATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
(CONTINUED) 


IDT54/74FCT521 B 


SYMBOL 

PARAMETER 

CONDITION* 1 ’ 

COM’L 

MIL. *| 

UNIT 




min. (2) 

MAX. 

min. (2) 

MAX. 


jpLH 

{ PHL 

Propagation Delay 
A n or B n to 0 A = B 

C L = 50pF 

1.5 

• 5.5 1 

.1.5 

7.3 

ns 

jpLH 

THL 

Propagation Delay 

l A = b to = B 

r l = soon 

1.5 

4.6 

1.5 

6.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc = 5.0V, + 25° C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT XXXX X X 

Temp. Range Device Type Package Process 


Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

CERPACK 

Leadless Chip Carrier 
Small Outline 1C 

8-Bit Comparator 
Fast 8-Bit Comparator 
Very Fast 8-Bit Comparator 

-55 °C to +125°C 

0°C to +70°C 
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1 

11 

FAST CMOS OCTAL IDT54/74FCT533 

TRANSPARENT LATCH IDT54/74FCT533A 

Integrated De 

w 

/ice Technology Inc. 

(3-STATE) 


FEATURES: 

• IDT54/74FCT533 10.0ns max. clock to output; 
IDT54/74FCT533A 5.2ns max. clock to output 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Octal transparent latch with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT533 and IDT54/74FCT533Aare octal trans- 
parent latches built using advanced CEMOS™, a dual metal 
CMOS technology. The IDT54/74FCT533 and IDT54/74FCT533A 
consist of eight latches with 3-state outputs for bus organized sys- 
tem applications. The flip-flops appear transparent to the data 
when Latch Enable (LE) is HIGH. When LE is LOW, the data that 
meets the set-up times is latched. Data appears on the bus when 
the Output Enable (OE) is LOW. When OE is HIGH, the bus output 
is in the high impedance state. 


PIN CONFIGURATIONS 

OE d~ 20 

O 0 C 2 19 

D 0 [] 3 18 

Did 4 

o 2 d 6 

D 2 d 7 
D 3 d 8 
C5 3 d9 
GND d ic 


P20-1, 17 
D20-1, 16 
SO20-2 1C 
& 15 
E20-1 14 


□ Vcc 

□ S 7 

□ d 7 

□ d 6 

□ o 6 

□ Os 

□ D 5 

□ d 4 

□ o 4 

□ LE 



DIP/SOIC/CERPACK 
TOP VIEW 


LCC 

TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 


D 0 Dt 


d 2 d 3 


d 4 d 5 


De D 7 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT533/A FAST CMOS 
OCTAL TRANSPARENT LATCH (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto + 125°C, V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ. <2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 

n 

Input HIGH Current 

Vcc — Max. 

V, =V CC 

- 

- 

5 

pA 

V, = 2.7 V 

- 

- 

eh 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 


V, = GND 

- 

- 

-5 

■ 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

o 

>° 

II 

- 


10 

pA 

Vo = 2.7V 

- 

- 

10 <4) 

V 0 = 0.5V 

- 

- 

-10 (4 > 

V 0 = GND 

- 

- 

-10 

Mk 

Clamp Diode Voltage 

cf** 

o 

II 

2 

p 

z” 

n 

i 

CO 

3 

> 

- 

-0.7 

-1.2 

V 

•os 

Short Circuit Current 

V cc = Max.* 3 * Vo = GND 

-60 

-120 

- 

mA 

Moh 

Output HIGH Voltage 

Vcc = 3V - Mn = v ic or Mhc , *oh = -32pA 

V HC 

V C c 

- 

1 

V cc = Min. 
v in = Mh or V, L 

Ioh = “300pA 

Vhc 

v cc 

- 

l 0H = -12mA MIL. 

mm 

■a 

- 

Ioh = -15mA COM’L. 

MM 

mm 

- 

V 0 L 

Output LOW Voltage 

Vcc = 3V,V in = V LC or V HC , l 0L = SOOpA 

- 

GND 

V LC 

V 

Vcc = Min. 

Mn = Mh or V ]L 

Iol = 300pA 

- 

GND 

V L c 

Iol = 32mA MIL. 

- 

0.3 

0.5 

Iol = 48mA COM'L. 

- 

0.3 

0.5 

V H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 



RATING 

COMMERCIAL 

MILITARY 


v term 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

*OUT 

DC Output Current 

120 

120 

mA 


CAPACITANCE (T A =+25°c.f = i.omhz) 


SYMBOL 

parameter* 1 * 

CONDITIONS 

822 H 




Input Capacitance 


6 

E3 

PF 

CquT 

Output Capacitance 

Vour= 0V 

8 

■a 

■a 


NOTE: 

1 . This parameter is measured at characterization but not tested. 
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IDT54/74FCT533/A FAST CMOS 
OCTAL TRANSPARENT LATCH (3-STATE) 


POWER SUPPLY CHARACTERISTICS 

V|_c = 0.2V; V HC = V cc - 0.2V 


PARAMETER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Quiescent Power Supply Current 


Power Supply Current Per TTL 
Inputs HIGH 


Dynamic Power Supply Current (4) 


TEST CONDITIONS' 1 * 

Vcc — Max. 

v in > v HC ; v, N < v LC 
f| = 0 

V cc = Max. 

Yn = 3.4V< 3 > 

V cc = Max. 

Outputs Open 

OE = GND 

LE = V cc 

One Input Toggling 
50% Duty Cycle 

V IN ^ V HC 

Vin ^V LC 

Vqq — Max. 

Outputs Open 
f, = 10MHz, 

50% Duty Cycle 

OE = GND 
= Vcc 

One Bit Toggling 

V|N ^ V HC 

V,N S V LC (FCT) 

Vin = 3.4V 

V 1N = GND 




v in ^ V HC 
Vu < V lf , ( 





typ. <2) 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/ 

MHz 

1.5 

4.0 


1.8 

5.0 


3.0 

o> 


5.0 

14.5 <5) 

. 


c Total Power Supply Current (6) 

Mcc = Max. 
Outputs Open 
f, = 2.5MHz 
50% Duty Cycle 
OE = GND 
LE = V cc 
Eight Bits Toggling 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - ( c = Quiescent + Inputs + Dynamic 

lc = bc + A!cc DhNt + Iccd (^cp^ + f|N|) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D H = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

l CCD = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 


DEFINITION OF FUNCTIONAL TERMS 


DESCRIPTION 


Data Inputs 

Latch Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
Complementary 3-State Outputs 



TRUTH TABLE 


INPUTS 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = HIGH Impedance 






























































IDT54/74FCT533/A FAST CMOS 
OCTAL TRANSPARENT LATCH (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT533 

IDT54/74FCT533A 


SYMBOL 

PARAMETER 

CONDITION* 1 ’ 

typ. (3) 

COM’L 

MIL. 

TYP.* 3 ’ 

COM’L 

MIL. 

UNIT 

MIN.* 2 ’ 

MAX. 


MAX. 

MIN.* 2 * 

MAX. 

MIN.* 2 ’ 

MAX. 

JpLH 

l PHL 

Propagation Delay 

Dn to On 


6.0 

1.5 

10.0 

1.5 

12.0 

4.0 

1.5 

5.2 

1.5 

5.6 

ns 

l PLH 

tpHL 

Propagation Delay 

LE to O n 


9.0 

2.0 

13.0 

2.0 

14.0 

7.0 

2.0 

8.5 

2.0 

9.8 

ns 

tpZH 

tpZL 

Output Enable 

Time 


8.0 

1.5 

11.0 

1.5 

12.5 

5.5 

1.5 

6.5 

1.5 

D 

ns 

tpHZ 

tpLZ 

Output Disable 

Time 

C L = 50pF 

R l = 5000 

6.0 

1.5 

7.0 

1.5 

8.5 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

*su 

Set-up Time 

HIGH or LOW 

D n to LE 


1.0 

2.0 

- 

2.0 

- 

1.0 

2.0 

- 

2.0 

- 

ns 


Hold Time 

HIGH or LOW 

D n to LE 


1.0 

1.5 

■ 

1.5 

■ 

1.0 

1.5 

■ 

1.5 

■ 

ns 

t w 

LE Pulse Width 

HIGH or LOW 


5.0 

6.0 

- 

6.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc - 5.0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT 
Temp. Range 


XXXX X X 

Device Type Package Process 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 
Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

Octal Transparent Latch (3-State) 

Fast Octal Transparent Latch (3-State) 


54 -55°C to + 125°C 

74 0°C to +70°C 
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FEATURES: DESCRIPTION: 

• IDT54/74FCT534 10.0ns max. clock to output; 

IDT54/74FCT534A 6.5ns max. clock to output 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5 jjA max.) 

• Octal D flip-flop with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


The IDT54/74FCT534 and IDT54/74FCT534A T are octal D-type 
flip-flops built using IDT’s advanced CEMOS™, a dual metal 
CMOS technology. The IDT54/74FCT534 and IDT54/74FCT534A 
are high-speed, low-power octal D-type flip-flops featuring sepa- 
rate D-type inputs for each flip-flop and 3-state outputs for bus- 
oriented applications. A buffered Clock (CP) and Output Enable 
(OE) are common to all flip-flops. 


PIN CONFIGURATIONS 

OE 

O 0 E 2 


20 J V CC 
19 HU, 


D i II 4 P20-1, 17 
0,(3 5 D20-1, 16 

02 E 6 S020-2 15 

D 2 C 7 E20-1 14 
D 3 E 8 13 

03 E 9 12 


D3 L 8 

03C9 

GND E 10 


1 7 J D e 
16 □ Og 

15 □ O s 
14 □ D 5 
13 □ D 4 
12 □ 0 4 
11 □ CP 


DIP/SOIC/CERPACK 
TOP VIEW 

FUNCTIONAL BLOCK DIAGRAM 


o oil) 8 h. 

O IO lo g lo 


3 2 U 20 19 


:]4 

l 

is c: 

.1 5 


17 c: 

□ 6 

L20-2 

16 [I. 

:] 7 


15 e: 

:] a 


14 1: 


^9 W 11 12 13 

o 

LCC 

TOP VIEW 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

DECEMBER 1987 

© 1987 Inlegrated Device Technology, Ino. 

DSC-4028/- 
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IDT54/74FCT534/A FAST 

CMOS OCTAL D FLIP-FLOP (3-STATE) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) CAPACITANCE (T a = + 25 °c, f = i.omhz) 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C;\( :c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ’ 

MIN. 

TYP.* 2 ’ 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

■1 

V ,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

mm 

Ml 

Input HIGH Current 


V| =V CC 

- 

- 

5 


■■ 

V cc = Max. 

V, = 2.7V 

- 

- 

5* 4 > 

pA 

l|L 

Input LOW Current 

V, = 0.5V 

- 

- 

-5< 4 > 


nisr. 

- 

- 

-5 


mm 



v o - V C c 

- 


10 



Off State (High Impedance) 

Output Current 


V 0 = 2.7V 

- 

- 

10< 4 > 


I 

Vcc = Max. 

V 0 = 0.5V 

- 


-10 <4 > 

pA 




V 0 = GND 

- 

- 

-10 


V,K 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

’os 

Short Circuit Current 

V cc = Max.* 3 ’, V D = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V| N = V LC orV HC , Iqh = -32 pA 

EH 

E^Ht 

- 



Output HIGH Voltage 


Ion - -300pA 

v hc 

M;c 

_ 


V OH 

V cc = Min. 

Vn = v ih or Ml 

l 0H = -12mA MIL. 

Ml 

mm 

- 

V 



•oh = -15mA COM’L. 

Ml 

Ml 

- 




V cc = 3V. V IN = V LC or V HC , Iql = 3°°pA 

- 

GND 

Vlc 



Output LOW Voltage 

V C c = Min. 

Vn = Mh or Ml 

Iol “ 300jjA 

- 

GND 

Vlc 

1 

V OL 

l 0L = 32mA MIL. 

- 

0.3 

0.5 



Iol = 48mA COM’L. 

- 

0.3 

0.5 

Bt! 

V H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5,0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 



RATING 

COMMERCIAL 

MILITARY 

iron 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

■ 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

’out 

DC Output Current 

120 

120 

mA 


SYMBOL 

PARAMETER* 1 ’ 

CONDITIONS 

RBI 



— 1 

Input Capacitance 

< 

z 

II 

o 

< 

6 

O 

pF 


Output Capacitance 

Vour = 0V 

8 

■a 

KB 
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IDT54/74FCT534/A FAST 

CMOS OCTAL D FLIP-FLOP (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 3 4 

MAX. 

UNIT 

■ 

Quiescent Power Supply Current 

Vcc ~ Max. 

v in > V HC ; V IN < V LC 

*CP = *1 = 0 

■ 

0.001 

1.5 

mA 

A'cc 

Power Supply Current Per TTL 

Inputs HIGH 

Vqc = Msx. 

V| N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current <4) 

Vcc — Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

V|N 5 V HC 

V|N - V L c 

■ 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f CP = 10MHz, 

50% Duty Cycle 

V|N 5 V HC 

Mn <V LC 
(FCT) 

■ 

1.5 

4.0 



Total Power Supply Current (6) 

OE = GND 

One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

Vin = 3.4V 
or 

V IN = GND 

■ 

2.0 

6.0 

mA 

■c 

Vcc = Max. 

Outputs Open 
fcp = 10MHz, 

50% Duty Cycle 

V|N 5 V HC 

Vin 2V lc 
(FCT) 

■ 

3.75 

78 (5) 



OE = GND 

Eight Bits Toggling 
at f, = 2.5MHz 

50% Duty Cycle 

Vin = 3.4V 
or 

V 1N = GND 


6.0 

16.8 (5) 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + Alec D M N T + 'ccd (fcp/2 + f| N ( ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V jN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Do - D 7 

CP 

OE 

°0-°7 

Data Inputs 

Clock Pulse Input (Active Rising Edge) 

3-State Output Enable Input (Active LOW) 
Complementary 3-State Outputs 


TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 


CP 

D, 

O, 

Q, 

Hi-Z 

H 

H 

L 

H 

X 

X 

z 

z 

NC 

NC 


H 

_jT~ 

m 

H 


LOAD 




L 


REGISTER 

H 


MM 

Z 



H 


H 

Z 

1 


H = 
L = 
X = 

z = 


NC = 


HIGH 

LOW 

Don’t Care 
High Impedance 
LOW-to-HIGH transition 
No Change 
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IDT54/74FCT534/A FAST 

CMOS OCTAL D FLIP-FLOP (3-STATE) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT534 

IDT54/74FCT534A 


SYMBOL, 

PARAMETER 

CONDITION 0 ’ 

typ! 3) 

COM’L. 

... MIL. 

TYP.' 3 ’ 

COM’L. 

MIL. 

UNIT 



min. <2) 

MAX. 


MAX. 

min. (2) 

MAX. 

min. (2) 

MAX. 


*PLH 

tpHl 

Propagation Delay 

CP to 0 n 


6.5 

D 

10.0 

1.5 

11.0 

m 

1.5 

6.5 

1.5 

H 

ns 

*PZH 

l PZL 

Output Enable 

Time 


9.0 

1.5 

12.5 

1.5 

14.0 

5.5 

1.5 

6.5 

1.5 

m 

ns 

tpHZ 

IPLZ 

Output Disable 

Time 

C L = 50pF 

R L = 5000 

6.0 

1.5 

8.0 

1.5 

8.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

*SU 

Set-up Time 

HIGH or LOW 

D n to CP 

1.0 

2.0 

- 

2.5 

- 

1.0 

2.0 

- 

2.0 

- 

ns 


Hold Time 

HIGH or LOW 

D n to CP 


0.5 

1.5 

■ 

1.5 

B 

1.0 

1.5 

B 

1.5 

B 

ns 

t W 

CP Pulse Width 

HIGH or LOW 


4.0 

7.0 

- 

7.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vc c = 5.0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT XXXX X X 

Temp. Range Device Type Package Process/ 

Temperature 

Range 

| I Blank Commercial 


| B MIL-STD-883, Class B 

P Plastic DIP 

D CERDIP 

• SO Small Outline 1C 

L Leadless Chip Carrier 

E CERPACK 

I 534 Octal D Flip-Flop (3-State) 

1 534A Fast Octal D Flip-Flop (3-State) 

154 -55°C to + 125°C 


74 0°C to +70°C 
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FAST CMOS 
OCTAL BUFFER/ 
LINE DRIVER 


PRELIMINARY 

IDT54/74FCT540/A 

IDT54/74FCT541/A 


FEATURES: 

• IDT54/74FCT540/41 equivalent to FAST™ speed; 

I DT54/74FCT540A/41 A 30% faster than FAST ™ 

• Equivalent to FAST ™ output drive over full temperature and 
voltage supply extremes 

• Iol = 64mA (commercial), 48mA (military) 

• Octal buffer/line driver with 3-state output 

• Pinout arrangement for flow-through architecture 

• CMOS power levels (5pW typ. static) 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Available in CERDIP, Plastic DIP, LCC and SOIC 

• TTL input and output level compatible 

• CMOS output level compatible 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to M1L-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT540/A and IDT54/74FCT541/A are octal 
buffer/line drivers built using advanced CEMOS ™, a dual metal 
CMOS technology. 

These devices are similar in function to the IDT54/74FCT240 
and IDT54/74FCT241, respectively, except that the inputs and out- 
puts are on opposite sides of the package. This pinout arrange- 
ment makes these devices especially useful as output ports for 
microprocessors, allowing ease of layout and greater board 
density. 


FUNCTIONAL BLOCK DIAGRAM 

OElb 


Uo 

o 2 

<5 3 

o 4 

^5 

^6 

C>7 


PIN CONFIGURATIONS 




OEb 


GEaC 
Do C 
Di C 
d 2C 
D 3 r* 


D 

D 6 

GND □ 


20 

19 

18 

P20-1. 1T 
D20-1, 18 
SO20-2 
& 15 
E20-1 14 

1 3 


□ V cc 

□ (TEb 

□ Oo 

□ 0 , 

□ 0 2 
□ 0 3 
□ 0 4 
□ 0 5 
U 06 

□ Oz 


DIP/SOIC/CERPACK 
TOP VIEW 



00 

01 

0 2 
0 3 
0 4 


LCC 

TOP VIEW 


DEFINITION OF FUNCTIONAL TERMS 



PIN NAMES 

DESCRIPTION 

Oo 

OE a ,UEb 

3-State Output Enable Input (Active LOW) 

Oi 

Dxx 

Inputs 

°2 

o 3 

Oxx 

Outputs 

TRUTH TABLE 



° 4 

INPUTS 

OUTPUT 

0 5 

OEa, OEr 

D 

540 

541 

L 

L 

H 

L 

0 6 

L 

H 

L 

H 

0 7 

H 

X 

Z 

Z 


CEMOS is a trademark of Integrated Device Technology, 
FAST is a trademark of Fairchild Semiconductor Co. 


Inc. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
Z = High Impedance 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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I DT54/74FCT540/A and IDT54/74FCT541/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


lA'J.lLMI 

RATING 

COMMERCIAL 

MILITARY 


Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

tauT 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (T A = + 25 °c. f = i.omhz) 


SYMBOL 

PARAMETER 0) 

CONDITIONS 

isaa 



C IN 

Input Capacitance 

> 

0 

II 

z 

> 

6 

m 

PF 

■31 

Output Capacitance 

Vqut = 0V 

8 


wm 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto + 70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C; V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 01 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 


- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current 



- 

- 

5 


Vqq — Max. 


- 

- 

5< 4 > 

pA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5< 4 > 


V, = GND 

- 

- 

-5 





Vo = V cc 

- 

- 

10 


loz 

Off State (High Impedance) 

Output Current 

V cc = Max. 

V 0 = 2.7 V 

- 


10 ( 4 > 


V 0 = 0.5V 

- 

- 

-10* 4 ) 

PA 




V 0 = GND 

- 

- 

-10 


Mk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

los 

Short Circuit Current 

V cc = Max.* 31 , V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V,V in = V LC or V HC , l 0H = -32pA 

Mho 

— 

- 


V 0H 

Output HIGH Voltage 

Vcc = Min. 

V|N = V| H or V,L 

Iqh = -300pA 

Mhc 

: 0 



l 0H = -12mA MIL. 

El 

wm 

- 




I 0H = -15mA COM’L. 

HI 


- 




Mcc — 3V, V, N — V LC or V H c, Iql _ 300pA 

- 

GND 

M.C 

V 


Output LOW Voltage 

V cc = Min. 

Mn = Mh or V, L 

Iql — 300pA 

- 

GND 

V LC 


V 0l 

l ou = 48mA MIL. 

- 

0.3 

0.55 




I 0L = 64mA COM’L. 

- 

0.3 

0.55 



NOTES: 


1. For conditions shown as Max. or Min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5 . 0 V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT540/A and IDT54/74FCT541/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


PARAMETER 


Quiescent Power Supply Current 


a . Quiescent Power Supply Current 

cc TTL Inputs HIGH 



Dynamic Power Supply Current 



TEST CONDITIONS* 1 * 

V cc = Max. 

v IN >v HC ;y N < v LC 

f, = 0 

V cc = Max. 

V, N = 3.4V ( 3 ) 

V C c= Max. 

Outputs Open 

5E A = 0E b = GND 
One Input Toggling 
50% Duty Cycle 

V|N 5 V HC 

V|N < M.C 

V cc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

OE a = DE B = GND 
One Input Toggling 

V|N > V HC 

V,N < V LC 
(FCT) 

V,N = 3.4V 

V 1N = GND 

V C c = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

V IN > V HC 

Mn < V LC 
(FCT) 

OE a = OE a '= GND 
Eight Inputs Toggling 

V 1N = 3.4V 

V IN = GND 



typ. (2) 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/MHz 

D 

4.0 


1.8 

5.0 


3.0 

6.5 (5) 

mA 

5.0 

14.5< 5) 



1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6- Ic = Iquiescent + Inputs + Dynamic 

lc = 'cc + Alec D H N T + I ccd (*cp/2 + f| N, ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


IDT54/74FCT540A/541A 


SYMBOL 

PARAMETER 

tpLH 

Propagation Delay 

*PHL 

D n to O n IDT54/74FCT540 

l PLH 

Propagation Delay 

tpHL 

Dn to On IDT54/74FCT541 

*PZH 

Output Enable Time 

t pzl 

l PHZ 

Output Disable Time 

tpLZ 




IDT54/74FCT540/541 

typ.< 3 > 

| COM’L 

| MIL 


MAX. 

5.0 

2.0 

8.5 

2.0 

9.5 

5.0 

2.0 

8.0 

2.0 

9.0 

7.0 

2.0 

10.0 

2.0 

10.5 

6.0 

2.0 

9.5 

2.0 

12.5 



NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at \^ c = 5.0V, +25°C ambient and maximum loading. 
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I DT54/74 FCT 540/ A and IDT54/74FCT541/A 
FAST CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 

IDTXXFCT XXXX A A 

Temperature Device Type Package Process 


Commercial 
MIL-STD-883, Class B 


Plastic DIP 

CERDIP 

CERPACK 

Leadless Chip Carrier 
Small Outline 1C 


Non-Inverting Octal Buffer/Line Driver 
Inverting Octal Buffer/Line Driver 
Fast Non-inverting Octal Buffer/Line Driver 
Fast Inverting Octal Buffer/Line Driver 

-55° C to +125°C 
0°C to +70°C 


l 

I 

j 
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FAST CMOS 
OCTAL REGISTERED 
TRANSCEIVER 


PRELIMINARY 

IDT54/74FCT543 

IDT54/74FCT543A 


FEATURES: 

• IDT54/74FCT543 equivalent to FAST™speed; 
1DT54/74FCT543A is 25% faster than FAST™ 

• Equivalent to FAST™ output drive overfull temperature 
and voltage supply extremes 

• Iol = 64mA (commercial), 48mA (military) 

• 8-bit octal latched transceiver 

• Separate controls for data flow in each direction 

• Back-to-back latches for storage 

• CMOS power levels (5 jjW typ. static) 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT543 and IDT54/74FCT543A are non-inverting 
octal transceivers built using advanced CEMOS ™, a dual metal 
CMOS technology. These devices contain two sets of eight D-type 
latches with separate input and output controls for each s et. For 
data flow from A to B, for example, the A-to-B Enable (CEAB) input 
must be LOW in order to enter data from Ao -A 7 or to take data from 
B0-B7, as indicated in the Truth T able. W ith CEAB LOW, a LOW 
signal on the A-to-B Latch Enable (LEAB ) input makes the A-to-B 
latche s transparent; a subsequent LOW-to-HIGH transition of the 
LEAB signal puts the A latches in the storage m ode a nd th eir out- 
puts no longer change with the A inputs. With CEAB and OEAB 
both LOW, the 3-state B output buffers are active and reflect the 
data present at the output of the A latche s. Co ntrol o f data from B to 
A is similar, but uses the CEAB, LEAB and OEAB inputs. 


FUNCTIONAL BLOCK DIAGRAM 


OEBA 

CEBft 

UEBft 



OEAB 


CEAB 

CEAB 


CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 


10-129 


DSC-4030/- 





IDT54/74FCT543 AND IDT54/74FCT543A 
FAST CMOS OCTAL REGISTERED TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



DIP/SOIC/CERPACK 
TOP VIEW 



TOP VIEW 


Bi 

B Z 

b 3 

NC 

B 4 

b 5 

b 6 


LOGIC SYMBOL 



TRUTH TABLE For A-TO-B (Symmetric with B-TO-A) 


INPUTS 

LATCH 

STATUS 

OUTPUT 

BUFFERS 

ES3 

LEAB 

OEAB 

A-TO-B 

B 0 -B 7 

n 

X 

X 


High 2 


H 

mm 


- 


- 

M 


High Z 


L 



Current A Inputs 

« 

H 

n 


Previous* A Inputs 


* Before LEAB LOW-to-HIGH Transition 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

A-to-B data f low shown : B-to-A flow control is the same, except using 
CEBA, LEBA and OEBA 


PIN DESCRIPTIONS 


PIN NAMES 

DESCRIPTION 

OEAB 

A-to-B Output Enable Input (Active LOW) 

OEBA 

B-to-A Output Enable Input (Active LOW) 

OEAB 

A-to-B Enable Input (Active LOW) 


B-to-A Enable Input (Active LOW) 

EEAH 

A-to-B Latch Enable Input (Active LOW) 

EEBA 

B-to-A Latch Enable Input (Active LOW) 

a 0 -a 7 

A-to-B Data Inputs or B-to-A 3-State Outputs 

B 0 -B 7 

B-to-A Data Inputs or A-to-B 3-State Outputs 
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IDT54/74FCT543 AND IDT54/74FCT543A 
FAST CMOS OCTAL REGISTERED TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

taut 

DC Output Current 

100 

100 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T A : =* + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 ' 

CONDITIONS 

Esa 


BUI 

C|N 

Input Capacitance 

< 

z 

ll 

5 

6 

■a 

PF 

C|/o 

I/O Capacitance 

V 0 ut= OV 

8 

Q 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°C to +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto + 125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current 
(Except I/O pins) 

Mcc — Max. 

V, =V CC 

- 

- 

5 

pA 

V, = 2.7V 


- 

5* 4 > 

IlL 

Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

-5* 4 ) 

V, = GND 

- 


-5 

IlH 

Input HIGH Currents 
(I/O pins only) 

V cc = Max. 

< 

ii 

o< 

o 

- 

- 

15 

pA 

V, = 2.7V 

- 

- 

15< 4) 

m 

Input LOW Currents 
(I/O pins only) 

V, = 0.5V 

- 

- 

-15* 4 ) 

V, = GND 

- 

- 

-15 

V,K 

Clamp Diode Voltage 

V C c = Min.. l N = -18mA 

- 

-0.7 

-1.2 

V 

tas 

Short Circuit Current 

V cc = Max* 3 *, V 0 = GND 

-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V IN = V LC or V HC , l 0H = -32pA 

MM 

V C c 

- 

V 

V cc = Min. 

Mn = Mh or V| L 

l 0H = -300pA 

V HC 

Vcc 

- 

l 0H = -12mA MIL. 

El 

El 

- 

I 0H = -15mA COM’L. 

El 

mm 

- 

Mdl 

Output LOW Voltage 

Vcc = 3V, V IN = V LC or V HC , l 0L = 300pA 

- 

GND 

Vlc 

V 


Iol = 300pA 

- 

GND 

V L c 

l 0L = 48mA MIL. 

- 

0.3 

0.55 

Iol = 64mA COM'L. 

- 

0.3 

0.55 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 





































































































IDT54/74FCT543 AND IDT54/74FCT543A 
FAST CMOS OCTAL REGISTERED TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. <2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Mdc ~ Max. 

V,N > V H C i V IN < V tC 
*CP = *1 = 0 

■ 

0.001 

1.5 

mA 

A'cc 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc — Max. 

V IN = 3.4V 0) 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current' 4 ' 

\fcc = Max. 

Outputs Open 

CEAB & OEAB = Low 
CEBA = High 

One Input Toggling 

50% Duty Cycle 

V IN 5 V HC 

Mn < V LC 


0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

CEAB & OEAB = Low 

V IN ^ V HC 

V,N < V LC 
(FCT) 


1.5 

4.0 


•c 

Total Power Supply Current' 6 ' 

CEBA = High 
f CP = EEAB = 10MHz 
One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

V, N = 3.4V or 

V IN = GND 


2.0 

5.6 

mA 


Vcc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

CEXE & OEAB = Low 

V IN ^ V HC 

V,N < V LC 
(FCT) 


3.75 

7.8'5) 



CEBA = High 
f CP = IZSB = 10MHz 
Eight Bits Toggling 
at f, = 5MHz 

50% Duty Cycle 

V, N = 3.4V or 

V, N = GND 

■ 

6.0 

15.0' 5 ' 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc _ 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + 'ccd (fcp/2 + f| N| ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT543 AND IDT54/74FCT543A 

FAST CMOS OCTAL REGISTERED TRANSCEIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT543 

IDT54/74FCT543A 


SYMBOL 

PARAMETER 

CONDITION 11 * 

typ.< 3 > 

COM’L. 

MIL. 

TYP.' 3 * 

COM’L 

MIL. 

UNIT 




MIN.' 2 * 

MAX. 

MIN.' 2 * 


MIN.' 2 * 

MAX. 

MIN.' 2 * 

MAX. 


tpLH 

tpHL 

Propagation Delay 
Transparent Mode 

An to Bn or Bn to An 


5.0 

3.0 

8.5 

2.0 

10.0 

■ 

- 

■ 



ns 

l PLH 

tpHL 

Propagation Delay 
EEBA to A n , 

LEAB to B n 


8.5 

3.0 

12.5 

3.0 

14.0 

- 

- 

■ 

■ 

■ 

ns 

tpZH 

tpZL 

Output Enable Time 
OEBA orOEAB 
to A n or B n 

CEBA orCEAB 
to An or B n 

C L = 50pF 
R l = 5000 

7.0 

3.0 

12.0 

3.0 

14.0 

1 

- 

D 


1 

ns 

l PHZ 

*PLZ 

Output Disable Time 
OEBA or OEAB to 

A n or B n 

CEBA orCEAB to 

An or B n 

5.5 

2.5 

9.0 

2.5 

13.0 

1 

- 

1 

■ 

■ 

ns 

tsu 

Set-up Time, 

HIGH or LOW 

An or B n to 

LEBA or LEAB 


■ 

3.0 

■ 

3.0 

■ 


- 

■ 


■ 

ns 

t H 

Hold Time, 

HIGH or LOW 

A n or B n to 

LEBA or LEAB 


■ 

3.0 

■ 

3.0 

■ 

■ 

- 

■ 


■ 

ns 


NOTES: 

1 . See test circuit and waveforms. 


2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc - 5 ,0V, + 25°C ambient and maximum loading. 
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IDT54/74FCT543 AND IDT54/74FCT543A 

FAST CMOS OCTAL REGISTERED TRANSCEIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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#11 

FAST CMOS OCTAL 

IDT54/74FCT573 

Inte 3 rated Device Technology. Inc. 

TRANSPARENT LATCH . 

IDT54/74FCT573A 


FEATURES: 

• IDT54/74FCT573 equivalent to FAST ™ speed; 
IDT54/74FCT573A 35% faster than FAST ™ 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST™ (5pAmax.) 

• Octal transparent latch with enable 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT573 and IDT54/74FCT573A are 8-bit latches 
built using advanced CEMOS ™, a dual metal CMOS technology. 
These octal latches have 3-state outputs and are intended for bus- 
oriented applications. The flip-flops appear transparent to the data 
when Latch Enable (LE) is HIGH. When LE is LOW, the data that 
meets the set-up times is latched. Data appears on the bus when 
the Output Enable (OE) is LOW. When OE is HIGH, the bus output 
is in the high impedance state. 


PIN CONFIGURATIONS 


INDEX — v n n K I ^ 

OE 
Do 
D, 

D 2 

d 3 
d 4 
d 5 
d 6 
d 7 

GND 


FUNCTIONAL 


C 

C* 

C3 

C 4 

C5 

C6 

C7 

Ca 


19 

18 

P20-1 , 17 
D20-1, 16 
SO20-2 
& 

E20-1 ' 4 

13 


□ Vcc 

□ O 0 

□ 0, 
□ 0 2 
I] 0 3 
□ 0 4 
□ 0 5 
□ 0 6 
□ 0 7 
□ le 


3 2 U 20 19 


•.•] 4 

1 

18 □ 

0 

.:] 5 


17 n 

0 

6 

L20-2 

i6 c:i 

0 

.:] 7 


15 n 

0 

"3 8 


I 4 □ 

0 


9 10 11 12 13 


O O 


I1P/SOIC/CERPACK 
TOP VIEW 


BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 198 7 Integrated Device Technology, Inc. 
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IDT54/74FCT573/A FAST CMOS 

OCTAL TRANSPARENT LATCH MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


EEE5I 

RATING 

COMMERCIAL 

MILITARY 

iron 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pi 

Power Dissipation 

0.5 

0.5 

w 

but 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated In the operational sections of this 
specification is not implied. Exposureto absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 ° c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 


^23 


C IN . 

Input Capacitance 

£ 

II 

z 

> 

6 

■a 

PF 

C OUT 

Output Capacitance 

^OUT = 0 V 

8 

0 

pF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto + 70°C;\{ :c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 


o 

>° 

II 

>- 

- 

- 

5 


■lH 

V cc = Max- 

V, = 2.7V 

- 

- 

5< 4 > 

pA 

■H 

Input LOW Current 

V, = 0.5V 

- 

- 

-5< 4 > 

1 


V, = GND 

- 

- 

-5 


■ I 



o 

>° 

II 

>° 

- 

- 

10 


1 

Off State (High Impedance) 

Output Current 

Vcc Max. 

Vo = 2.7V 

- 

- 

io< 4 ) 


■a 

V 0 = 0.5V 

- 

- 

-10 (4) 

pA 

1 



V 0 = GND 

- 

- 

-10 


Mk 

Clamp Diode Voltage 

V cc = Min., b = -18mA 

- 

-0.7 

-1.2 

V 

bs 

Short Circuit Current 

V cc = Max. (3) , V Q = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V IN = V LC or V HC . I 0H = -32 pA 

V HC 

v cc 

- 


V OH 

Output HIGH Voltage 


l 0H — _ 300pA 

V hc 

\fcc 

- 


V cc = Min. 

Mn = Mh or V| L 

l 0H = -12mA MIL. 

mm 

mm 

- 




I 0H = -15mA COM’L. 

MM 

mm 

- 




Vcc — 3V, V|M — V LC or Vhc. Iol — 300pA 

- 

GND 

V LC 



Output LOW Voltage 

V cc = Min. 

Mn = V|h or V )L 

Iol = 300pA 

- 

GND 

^LC 

V 

Mdl 

Iol = 32mA MIL. 

“ 

0.3 

0.5 



Iol = 48mA COM’L. 

- 

0.3 

0.5 


v H 

Input Hysteresis on Clock Only 

. - 

- 

200 


mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT573/A FAST CMOS 
OCTAL TRANSPARENT LATCH 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 


PARAMETER 


Quiescent Power Supply Current 


Quiescent Power Supply Current 
TTL Inputs HIGH 


Dynamic Power Supply Current* 4 ’ 


Total Power Supply Current* 6 ’ 


TEST CONDITIONS* 1 ’ 

V cc = Max. 

V IN > V HC- V IN ^ M_C 
*CP = f| = 0 

Msc = Max. 

V iN = 3.4V(3) 

Vcc = Max. 

Outputs Open 

OE = GND 

LE = \^ c 

One Input Toggling 

50% Duty Cycle 

V|N 5 V HC 

V|N < V LC 

V cc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

OE = GND 

LE = Vcc 

One Bit Toggling 

Yim > V HC 

V IN < V LC 

(FCT) 

V, N = 3.4V or 

V IN = GND 



Mn > V HC 
v in < V LC 

(FCT) 



TYP.* 2 ’ 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/ 

MHz 

n 

4.0 


1.8 

5.0 


3.0 

6.5 < 5 ’ 


5.0 

14.5* 5 ’ 



V cc - Max. 
Outputs Open 
f CP = 2.5MHz 
50% Duty Cycle 
OE = GND 
LE = V cc 
Eight Bits Toggling 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6- ’c = ’quiescent + ’inputs + ’dynamic 

’c = ’cc + A’cc D H N T + I ccd (*cp/2 + f| N| ) 

’cc = Quiescent Current 

AI C c = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

’ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 


DEFINITION OF FUNCTIONAL TERMS 


TRUTH TABLE 
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IDT54/74FCT573/A FAST CMOS 
OCTAL TRANSPARENT LATCH 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT573 

IDT54/74FCT573A 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

typ. (3) 

COM’L. 

MIL. 

typ. (3) 

COM’L 

MIL. 

UNIT 




min/ 2 ’ 

MAX. 

MIN.< 2 ’ 

MAX. 

min. <2) 

MAX. 

min. (2) 

MAX. 


jpLH 

THL 

Propagation Delay 

D n to O n 


5.0 

1.5 

8.0 

1.5 

8.5 

4.0 

1.5 

5.2 

1.5 

5.6 

ns 

|pLH 

THL 

Propagation Delay 

LE to O n 


9.0 

2.0 

13.0 

2.0 

15.0 

7.0 

2.0 

8.5 

2.0 

9.8 

ns 

tpZH 

tpZL 

Output Enable 

Time 


7.0 

1.5 

12.0 

1.5 

13.5 

5.5 

1.5 

6.5 

1.5 

D 

ns 

■a 

Output Disable 

Time 

C L = 50pF 

R l = 5000 

6.0 

1.5 

D 

1.5 

10.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

l su 

Set-up Time 

HIGH or LOW 

D n to LE 

1.0 

2.0 

■ 

2.0 

- 

1.0 

2.0 

- 

2.0 

- 

ns 


Hold Time 

HIGH or LOW 

D n to LE 


1.0 

1.5 

- 

1.5 

- 

1.0 

1.5 

- 

1.5 

- 

ns 


LE Pulse Width 

HIGH or LOW 


5.0 

6.0 

- 

6.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at v cc ~ 5 ,0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 


IDTXXFCT XXXX X X 

Temp. Range Device Type Package Process 



Commercial 

MIL-STD-883. Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Octal Transparent Latch 
Fast Octal Transparent Latch 

-55 °C to + 125°C 

0°C to +70°C 
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PH 

FAST CMOS IDT54/74FCT574 

OCTAL D REGISTER IDT54/74FCT574A 

Integrated De\ 

rice Technology. Inc. 

(3-STATE) 


FEATURES: 

• IDT54/74FCT574 equivalent to FAST ™ speed; 
IDT54/74FCT574A 35% faster than FAST ™ 

• Equivalent to FAST ™ output drive over full temperature 
and voltage supply extremes 

• Iol = 48mA (commercial) and 32mA (military) 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Positive, edge-triggered Master/Slave, D-type flip-flops 

• Buffered common clock and buffered common three-state 
control 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT574 and I DT54/74FCT574A are 8-bit registers 
built using advanced CEMOS ™, a dual metal CMOS technology. 
These registers consist of eight D-type flip-flops with a buffered 
common clock and buffered three-state output control. When the 
output enable (OE) input is LOW, the eight outputs are enabled. 
When the OE input is HIGH, the outputs are in the three-state 
conditions. 

Input data meeting the set-up and hold time requirements of the 
D inputs is transferred to the 0 outputs on the LOW-to-HIGH transi- 
tion of the clock input. 


PIN CONFIGURATIONS 




DIP/SOIC/CERPACK 
TOP VIEW 


LCC 

TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 

Do D ! 



CEMOS is a trademark of Integrated Device Technology. Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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IDT54/74FCT574/A FAST 

CMOS OCTAL D REGISTERS (3-STATE) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1. This parameter is measured at characterization but not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2 V 

Commercial: T A = 0°Cto + 70°C; \(. c = 5.0V±5% 

Military: T A = -55°Cto + l25°C;V cc = 5,0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

Vh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V| L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

mm 

Input HIGH Current 


j< 

ii 

o< 

o 

- 

- 

5 


m 

V cc = Max. 

V, = 2.7V 

- 

- 

5W 

pA 

IlL 

Input LOW Current 

V, = 0.5V 

- 

- 

-5W 


V, = GND 

- 

- 

-5 


■ | 



o< 

II 

o< 

o 

- 

- 

10 



Off State (High Impedance) 

Output Current 


V 0 = 2.7V 

- 

- 

10*4) 



Vcc = Max. 

V 0 = 0.5V 

- 

- 

-10 (4 > 

pA 

HI 



V 0 = GND 

- 

- 

-10 


Vk 

Clamp Diode Voltage 

V cc = Min.. I N = -18mA 

- 

-0.7 

-1.2 

V 

'os 

Short Circuit Current 

V cc = Max.* 3 *, V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, V|n = V LC orV H c. 'oh= -32pA 

wm 

£3 

- 



Output HIGH Voltage 


Ioh = -300pA 

m 


_ . 


V OH 

V cc = Min. 

Vn = Vh or V L 

l 0H = -12mA MIL. 

ES 

mm 

- 

V 



Ioh = -15mA COM’L. 

mm 

mm 

- 




Vcc = 3V. V| N = V LC or V HC . I 0L = 300pA 

- 

GND 

Vlc 



Output LOW Voltage 

Vcc = Min. 

Vn = Vh or Vl 

Iol = 300jjA 

- 

GND 

V LC 


V OL 

l 0L = 32mA MIL. 

- 

0.3 

0.5 

V 




| 0L = 48mA COM’L. 

- 

0.3 

0.5 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


EEE51 

RATING 

COMMERCIAL 

MILITARY 


Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

t a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

"•"bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

'out 

DC Output Current 

120 

120 

mA 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 




C|N 

Input Capacitance 

V,N = 0V 

6 

O 

pF 

Com 

Output Capacitance 

Vcur = 0V 

8 

mm 

■sa 
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IDT54/74FCT574/A FAST 

CMOS OCTAL D REGISTERS (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

Vqq = Max. 

Mn > Mhc! Mn S v lc 
f CP = f, = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

■ 

" 

Dynamic Power Supply Current ^ 

V cc = Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

Mn > Mhc 

Mn - M_c 

1 

0.15 

0.25 

mA/ 

MHz 



Vqq ~ Max. 

Outputs Open 
f CP = 10MHz, 

50% Duty Cycle 

Mn > Mhc 

Mn ^ V LC 
(FCT) 

■ 

1.5 

4.0 



Total Power Supply Current <6) 

OE = GND 

One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

Mn = 3.4V 
or 

V, N = GND 

■ 

2.0 

6.0 

mA 

■c 

V cc = Max- 

Outputs Open 
fcp = 10MHz, 

50% Duty Cycle 

Mn > V HC 

Mn SV lc 
(FCT, 

■ 

3.75 

7.8 < 5 > 



OE = GND 

Eight Bits Toggling 
at f, = 2.5MHz 

50% Duty Cycle 

Mn = 3.4V 
or 

V IN = GND 


6.0 

las' 51 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6- !c = I QUIESCENT + ^INPUTS + ' DYNAMIC 

lc = lcc + Alec DhN t + I ccd (^cp/2 + f| N| ) 
l cc = Quiescent Current 

A<cc = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS 


TRUTH TABLE 


PIN NAMES 


D, 

CP 


O, 

OE 


DESCRIPTION 


The D flip-flop data inputs. 

Clock Pulse for the register. Enters data on the 
LOW-to-HIGH transition. 

The register three-state outputs. 

Output Control. An active-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the outputs to the high impedance (off) 
state. 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 

mm 

CLOCK 

D, 

o, 

Q. 

Hi-Z 

H 

H 

L 

H 

X 

X 

Z 

z 

NC 

NC 


n 

_jT~ 

n 

L 

MSI 

LOAD 



uM 

H 


REGISTER 

H 


■V 

z 



H 


H 

Z 

m 


H = HIGH 
L = LOW 
X = Don't Care 
Z = High Impedance 
_y = LOW-to-HIGH transition 
NC = No Change 
































































1DT54/74FCT574/A FAST 

CMOS OCTAL D REGISTERS (3-STATE) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

IDT54/74FCT574 

IDT54/74FCT574A 

UNIT 

TYP.< 3 > 

COM’L 

MIL 

typ.< 3 > 

COM’L. 

MIL. 

min/ 2 ’ 



MAX. 

MIN. (2 ’ 

MAX. 

MIN. <2) 

MAX. 

JpLH 

iPHL 

Propagation Delay 

CP to On 

C L = 50pF 
R l = 5000 

6.6 

2.0 

10.0 

2.0 

11.0 

a 

2.0 

6.5 

2.0 

il 

ns 

*PZH 

tpZL 

Output Enable 

Time 

9.0 

1.5 

12.5 

1.5 

14.0 

5.5 

1.5 

6.5 

1.5 

i 

ns 

tpHZ 

tpLZ 

Output Disable 

Time 

6.0 

1.5 

8.0 

1.5 

8.0 

4.0 

1.5 

5.5 

1.5 

6.5 

ns 

tsu 

Set-up Time 

HIGH or LOW 

D n to CP 

1.0 

2.0 

- 

2.5 

- 

1.0 

2.0 

- 

2.0 

- 

ns 

t H 

Hold Time 

HIGH or LOW 

D n to CP 

0.5 

2.0 

■ 

2.0 

■ 

0.5 

1.5 

■ 

1.5 

B 

ns 

t W 

CP Pulse Width 

HIGH or LOW 

4.0 

7.0 

- 

7.0 

- 

4.0 

5.0 

- 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, + 25° C ambient and maximum loading. 


ORDERING INFORMATION 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Octal D Register (3-State) 

Fast Octal D Register (3-State) 

-55 °C to +125°C 

0°C to +70°C 
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FEATURES: DESCRIPTION: 

• IDT54/74FCT640 7.0ns max. data to output; 

IDT54/74FCT640A 5.0ns max. data to output 

• Equivalent to FAST ™ output drive over full temperature and 
voltage supply extremes 

• Iol = 64mA commercial and 48mA military 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Inverting buffer transceiver 

• JEDEC standard pinout for DIP, LCC and SOIC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


The IDT54/74FCT640 and IDT54/74FCT640A are 8-bit inverting 
buffer transceivers built using advanced CEMOS ™, a dual metal 
CMOS technology. These octal bus transceivers are designed for 
asynchronous two-way communication between data buses. The 
devices transmit data from the A bus to the B bus or from the B bus 
to the A bus, depending upon the level at the direction control (T/R) 
input. The enable input (OE) can be used to disable the device so 
the buses are effectively isolated. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 

DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 

10-143 

DSC-4033/- 







IDTS4/74FCT640/A FAST CMOS 

OCTAL INVERTING BUFFER TRANSCEIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


mss 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

Iqut 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = tomhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 




C IN 

Input Capacitance 

_< 

z 

11 

0 

< 

6 

■a 

pF 

E SB 

I/O Capacitance 

Hdut = 0V 

8 

mm 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc -0.2V 

Commercial: T a = 0°Cto + 70 o C;\£ c = 5,0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS < f > 

MIN. 

typ. (2) 

MAX. 

UNIT 

V ,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 


- 


V IL 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

•ih 

Input HIGH Current 
(Except I/O pins) 

Vcc — Max. 

_< 

11 

o< 

0 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5< 4 > 

l|L 

Input LOW Current 
(Except I/O pins) 

V, = 0.4V 

- 

- 

-5( 4 ) 

V, = GND 

- 

- 

-5 

•lH 

Input HIGH Current 
(I/O pins only) 

Vcc = Max. 

V, = V cc 

- 

- 

15 

pA 

V, = 2.7V 

- 

- 

15< 4 ' 

D 

Input LOW Current 
(I/O pins only) 

V, = 0.4V 

- ' 

- 

-15« 4 > 

V, = GND 

- 

- 

-15 

V,K 

Clamp Diode Voltage 

Vcc = Min., I N = -18mA 

- 

-0.7 

-1.2 

ma 

*os 

Short Circuit Current 

V cc = Max. (3) . V 0 = GND 

-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V|n = V LC or V HC , I 0 h= -32 pA 

Em 

mm 

- 

1 


Ioh ” -300pA 

V HC 

Vfcc 

_ 

l 0H = -12mA MIL 



- 

l 0H = -15mA COM'L. 


mm 

- 

V 

Output LOW Voltage 

Vcc _ 3V, V !N — V LC or Vhc> 1 01 - 300pA 

- 

GND 

V LC 

V 

Vcc = Min. 

Vin = V| H or V| L 

Iql = 300pA 

- 

GND 

V|_c 

l 0L = 32mA MIL. 

- 

0.3 

0.55 

I 0L = 48mA COM’L. 

- 

0.3 

0.55 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT640/A FAST CMOS 

OCTAL INVERTING BUFFER TRANSCEIVER 


POWER SUPPLY CHARACTERISTICS 

V uc = 0.2V; V HC = V cc - 0.2V 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PARAMETER 

TEST CONDITIONS (1) 

Quiescent Power Supply Current 

V cc = Max. 

Vin 5 Mhc : V|N < V_c 
f, = o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4V ( 3 ) 

Dynamic Power Supply Current* 4 ' 

Vcc = Max. 

Outputs Open 

OE = GND 

T/R = GND or V cc 

One Input Toggling 

50% Duty Cycle 

Vn > v HC 

Vn 5 V_c 

Total Power Supply Current (6) 

Vcc = Max. 

Outputs Open 
fi = 10MHz 

Vn > V HC 

Vn < V LC 
(FCT) 

50% Duty Cycle 

T/R = OE = GND 

One Bit Toggling 

V 1N = 3.4V or 

V IN = GND 

Vcc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

T/R = OE = GND 

Eight Bits Toggling 

Vn > V HC 

Vn < V LC 
(FCT) 


V, N = 3.4V or 

V IN = GND 






typ. (2) 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/ 

MHz 

1,5 

4.0 


1.8 

5.0 


3.0 

6.5 (5 > 

mA 

5.0 

14.5 (5 > 



1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 ,0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + l cco (f CP /2 + f| N| ) 

'cc = Quiescent Current 

AI C c = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 


TRUTH TABLE 


1 INPUTS 




OPERATION 

OE 

T/R 


H 

L 

Bus B Data to Bus A 

H 

Bus A Data to Bus B 

H 

X 

Isolation 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES DESCRIPTION 


OE | Output Enable Input (Active LOW) 

Transmit/Receive Input 
Side A Inputs or 3-State Outputs 
Side B Inputs or 3-State Outputs 
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I DT 54/74FCT 640/ A FAST CMOS 

OCTAL INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 






IDT54/74FCT640 



IDT54/74FCT640A 



SYMBOL 

PARAMETER 

CONDITION 0 ’ 

„,_(3) 

| COM'L 

MIL. 


COM’L. 

MIL. ■ | 

UNIT 




TYP. 

min.® 

MAX. 


MAX. 

TYP.' ' 

MIN. (2) 

MAX. 

MIN.® 

MAX. 


l PLH 

tpHL 

Propagation Delay 

A to B or B to A 


6.0 

2.0 

7.0 

2.0 

8.0 

3.5 

1.5 

5.0 

1.5 

5.3 

ns 

tpZH 

tpZL 

OutputEnable Time 
for OE and T/R 

C L = 50pF 

R l = 5000 

11.0 

2.0 

13.0 

2.0 

16.0 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

l PHZ 

tpLZ 

Output Disable Time 
for OE and T/R 


7.0 

2.0 

10.0 

2.0 

12.0 

m 

1.5 

5.0 

1.5 

6.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 


ORDERING INFORMATION 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Octal Inverting Buffer Transceiver 
(equivalent to FAST™) 

Octal Inverting Buffer Transceiver 
(faster than FAST™ ) 

-55 °C to + 125°C 

0°C to + 70°C 
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FAST CMOS 
NON-INVERTING 
BUFFER TRANSCEIVER 


IDT54/74FCT645 

IDT54/74FCT645A 


FEATURES: 

• IDT54/74FCT645 equivalent to FAST™ speed; 
IDT54/74FCT645A 35% faster than FAST ™ 

• Equivalent to FAST™ output drive over full temperature 
and voltage supply extremes 

• Iol = 64mA (commercial) and 48mA (military) 

• CMOS power levels (5pW typ. static) 

• Substantially lower input current levels than FAST ™ (5pA max.) 

• Non-inverting buffer transceiver 

• TTL input and output level compatible 

• CMOS output level compatible 

• JEDEC standard pinout for DIP and LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT645 and IDT54/74FCT645A are 8-bit non- 
inverting buffer transceivers built using advanced CEMOS™, a 
dual metal CMOS technology. These non-inverting buffer trans- 
ceivers are designed for asynchronous two-way communication 
between data buses. The devices transmit data from the A bus to 
the B bus or from the B busjo the A bus, depending upon the level 
at the direction control (T/R) input. The enable input (OE) can be 
used to disable the device so the buses are effectively isolated. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 


□ Vcc 

□ OE 

□ Bo 

□ B, 

□ b 2 
b 3 
b 4 
b 5 

□ B 6 

□ b 7 


DIP/SOIC/CERPACK 
TOP VIEW 


T/R[ 

1 

20 

Ao C 

2 

19 

Ai C 

3 

18 

AzC 

4 

P20-1 , 17 

AsC 

5 

D20-1 is 

a 4 c 

6 

S020-2 
& 15 

As C 

7 

E20-1 14 

a 6 c 

8 

13 

A rC 

9 

12 

GND£ 

10 

11 



TOPWEW 



OE 

Bo 

B, 

B 2 

b 3 

b 4 

b 5 

b 6 

Br 


CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology. Inc. 
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IDT54/74FCT645 FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) CAPACITANCE (T a = +25 °c. f = i.omhz) 


1 . This parameter is guaranteed by characterization data and not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T A = 0°Cto + 70°C;\( ;c = 5.0V±5% 

Military: T a = -55°Cto + 125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS W 

MIN. 

TYP.< 2 > 

MAX. 

UNIT 

Yh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 




Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

■lH 

Input HIGH Current 
(Except I/O pins) 

V cc = Max. 

V, =\fcc 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5W 

'll 

Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

-5(4) 

V, = GND 

- 

- 

-5 

•lH 

Input HIGH Current 
(I/O pins only) 

Vcc ~ Max. 

V, =\fc c 

- 

- 

15 

pA 

V, = 2.7V 

- 

- 

15< 4 > 

H 

Input LOW Current 
(I/O pins only) 

V, = 0.5V 

- 

- 

-15 (4) 

V, = GND 

- 

- 

-15 

V,K 

Clamp Diode Voltage 

V^. = Min., I N = -18mA 

- 

-0.7 

-1.2 

KU 

•os 

Short Circuit Current 

V cc = Max. (3) . V 0 = GND 

-60 

-120 

- 

mA 

Mdh 

Output HIGH Voltage 

Vcc = 3V, V lN = V LC or V HC . I 0 h= -32 pA 

im 

mm 

- 

V 


1 oh = -300pA 

1 

Vfcc 

_ 

l OH = -12mA MIL. 


1 

- 

I 0H = -15mA COM’L. 

mm 

mm 

- 

V OL 

Output LOW Voltage 

Vcc ~ 3V, V !N - V LC or Vhc> •ol~ 300 jjA 

- 

GND 

V LC 

V 

V cc = Min. 

Vin = V| H or V IL 

Iql = 300jjA 

- 

GND 

Vlc 

Iol = 48mA MIL. 

- 

0.3 

0.55 

Iol = 64mA COM’L. 

- 

0.3 

0.55 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25° C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


SYMBOL 

PARAMETER* 1 ' 

CONDITIONS 




C IN 

Input Capacitance 

< 

z 

II 

0 

< 

6 

IB 

PF 


I/O Capacitance 

| V OUT =0V I 

8 

mm 

KB 


NOTE: 


B3SB5H 

RATING 

COMMERCIAL 

MILITARY 

iron 

Vterm 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

“C 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

•out 

DC Output Current 

120 

120 

mA 
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IDT54/74FCT645 FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V CC -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2> 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

Vcc = Max- 

Mu ^ MhcI Mn £ M_c 

f, = 0 

B 

0.001 

1.5 

mA 

Alec 

Power Supply Current Per TTL 

Inputs HIGH 

V cc = Max. 

V, N = 3.4V< 3 ) 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current <4) 

V cc = Max. 

Outputs Open 

OE = GND 

T/R = GND or V cc 

One Input Toggling 
50% Duty Cycle 

Mn ^ Mnc 

Mn SV lc 

■ 

0.15 

0.25 

mA/MHz 

1c 

Total Power Supply Current (6 > 

V C c = Max. 

Outputs Open 
f, = 10MHz, 

50% Duty Cycle 

T/R = OE = GND 

One Bit Toggling 

Mn 5 V HC 

Mn ^ V LC (FCT) 

B 

1.5 

4.0 

mA 

Mn = 3.4V 

V 1N = GND 

■ 

1.8 

5.0 

Mcc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

T/R = OE = GND 

Eight Bits Toggling 

Mn ^ v hc 

Mn < V lc (FCT) 

0 

3.0 

6.5 < 5 > 

V IN = 3.4V 

M n = GND 


5.0 

14.5 (S) 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6- Iq = Quiescent + Inputs + Dynamic 

•c = ^cc + Alex; D H N T + Iccd (*cp/2 + f ( N ( ) 
lcc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


INPUTS 

OPERATION 

OE 

T/R 

L 

L 

Bus B Data to Bus A 

L 

H 

Bus A Data to Bus B 

H 

X 

Isolation 


PIN NAMES 

DESCRIPTION 

OE 

Output Enable Input (Active LOW) 

T/R 

Transmit/Receive Input 

A 0 -A 7 

Side A Inputs or 3-State Outputs 

B0-B7 

Side B Inputs or 3-State Outputs 
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IDT54/74FCT645 FAST CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





1 DT54/74FCT645 

IDT54/74FCT645A 


SYMBOL 

PARAMETER 

CONDITION 0 * 

typ.< 3 > 

COM’L 

MIL 

typ.< 3 > 

COM’L 

MIL 

UNIT 




min/ 2 * 



MAX. 

MIN/ 2 * 

MAX. 

MIN.' 2 * 

MAX. 


tpLH 

tpHL 

Propagation Delay 

A to B or B to A 


6.0 

1.5 

9.5 

1.5 

11.0 

3.3 

1.5 

m 

1.5 

M 

ns 

Wh 

tpZL 

Output Enable Time 

OE to A or B 


9.0 

1.5 

11.0 

1.5 

12.0 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

l PZH 

tpZL 

Output Enable Time 
T/RtoAorB 

C L = 50pF 
R l = 5000 

9.0 

1.5 

11.0 

1.5 ' 

12.0 

4.8 

1.5 

6.2 

1.5 

6.5 

ns 

2 3 

CL Q_ 

Output Disable Time 

01 to A or B< 4 > 


6.0 

1.5 

12.0 

1.5 

13.0 

ia 

1.5 

5.0 

1.5 

6.0 

ns 

tpHZ 

tPLZ 

Output Enable Time 

T/R to A or B< 4 > 


6.0 

1.5 

12.0 

1.5 

13.0 

m 

1.5 

5.0 

1.5 

6.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5 0V. +25°C ambient and maximum loading. 

4. This parameter is guaranteed but not tested. 


ORDERING INFORMATION 



Blank 

B 

P 

D 

SO 

L 

E 

645 
64 5 A 

54 

74 


Commercial 

MIL-STD-883, Class B 

Plastic DIP 

CERDIP 

Small Outline 1C 

Leadless Chip Carrier 

CERPACK 

Non-Inverting Buffer Transceiver 
Fast Non-Inverting Buffer Transceiver 

-55° C to +125°C 

0°C to +70°C 
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FEATURES: 

• IDT54/74FCT646 and IDT54/74FCT648 equivalent to FAST™ 
speed; 

• IDT54/74FCT646A and 1DT54/74FCT648A are 30% faster 
than FAST 

• Equivalent to FAST output drive over full temperature and 
voltage supply extremes 

• Independent registers for A and B buses 

• Multiplexed real-time and stored data 

• Choice of true and inverting data paths 

• 3-state outputs 

• Iol = 64mA (commercial) and 48mA (military) 

• CMOS power levels (5>iW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 24-pin, 300 mil CERD1P, plastic DIP, SOIC, 
CERPACK and 28-pin LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT54/74FCT646/A and IDT54/74FCT648/A consist of a 
bus transceiver circuit with 3-state D-type flip-flops and control cir- 
cuitry arranged for multiplexed transmission of data directly from 
the input bus or from the internal registers. Data on the A or B bus 
will be clocked into the registers as the appropriate clock pin goes 
to a high logic level. Enable Control G and direction pins are pro- 
vided to control the transceiver function. In the transceiver mode, 
data present at the high impedance port may be stored in either the 
A or the B register, or in both. The select controls can multiplex 
stored and real-time (transparent mode) data. The direction control 
determines which bus will receive data when the enable, control 
G is Active LOW. In the isolation mode (Enable Control G HIGH), 
A data may be stored in the B register and/or B data may be stored 
in the A register. 


54/7 4FCT646 
ONLY 



54/74FCT646 

ONLY 


TO 7 OTHER CHANNELS 


CEMOS is a registered trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 
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IDT54/74FCT646/A AND IDT54/74FCT648/A 
FAST CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


CPAB C 
SAB C 
DIR C 

A, C 

a 2 C 

A 3 H 

a 4 C 

As [I 
AeC 
A/C 
A e tZ 

GND C 


P24-1 , 20 
D24-1, 19 
SO 24-2 19 
& 18 
E24-1 17 

16 


Vcc 

CPBA 

SBA 

5 

Bi 

B 2 

b 3 

b 4 

b 5 

Be 

B 7 

Ba 


DIP/SOIC/CERPACK 
TOP VIEW 



LCC 

TOP VIEW 


LOGIC SYMBOL 



PIN DESCRIPTION 


PIN NAMES 

DESCRIPTION 

A i _ A 8 

Data Register A Inputs 

Data Register B Outputs 

B, - B 8 

Data Register B Inputs 

Data Register A Outputs 

CPAB, CPBA 

Clock Pulse Inputs 

SAB, SBA 

Transmit/Receive Inputs 

DIR, G 

Output Enable Inputs 


FUNCTION TABLE 


INPUTS 

DATA l/OW 

OPERATION or FUNCTION 

a 

DIR 

CPAB 

CPBA 

SAB 

SBA 

Ai-A, 

B 1 - B 8 

FCT646/A 

FCT648/A 

H 

X 

HorL 

H or L 

mm 

X 

Input 

Input 

Isolation 

Isolation 

H 

X 

t 

t 

MM 

X 



Store A and B Data 

Store A and B Data 

mm 


X 

X 

■ 

L 



Real Time B Data to 

Real Time B Data to 

M 

■ ■ 





Output 

Input 

A Bus 

A Bus _ 


msn 

X 

H or L 

HI 

H 



Stored B Data to A Bus 

Stored B Data to A Bus 


H 

X 

X 

L 

X 



Real Time A Data to 

Real Time A Data to 

H 






Input 

Output 

B Bus 

B Bus _ 

D 

H 

HorL 

X 

H 

X 



Stored A Data to B Bus 

Stored A Data to B Bus 


NOTES: 

1 . The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data atthe 
bus pins will be stored on every LOW-to-HIGH transition of the clock inputs. 

2. H = HIGH 
L = LOW 

X = Don't Care 
| = LOW-to-HIGH Transition 
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I DT 54/74 FCT 646/ A AND IDT54/74FCT648/A 
FAST CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

innn 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

tauT 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 »c. f = i.omhz) 


SYMBOL 

PARAMETER 0> 

CONDITIONS 




C|N 

Input Capacitance 

> 

o 

II 

z 

> 

6 

m 

pF 

_o 

o 

I/O Capacitance 

V 0UT = 0V 

8 

KB 

mm 


NOTE: 


1 . This parameter is guaranteed by characterization and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC =V CC -0.2V 

Commercial: Ta = 0°Cto +70°C;V cc = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 


Input LOW Level 

Guaranteed Logic Low Level 

- 

. - 

0.8 

V 

•lH 

Input HIGH Current 
(Except I/O pins) 

Vcc - Max., 

M =\fcc 

- 

- 

5 

PA 

V; = 2.7V 

- 

- 

5( 4 > 

I.L 

Input LOW Current 
(Except I/O pins) 

^ = 0.5V 

- 

- 

-5< 4 ) 

y = GND 


- 

-5 

IlH 

Input HIGH Current 
(I/O pins only) 

Vcc ; Max., 

V =Vfcc 

- 

- 

mm 

PA 

M = 2.7V 

- 

- 

15( 4 > 

IlL 

Input LOW Current 
(I/O pins only) 

M = 0.5V 

- 

- 

MSS 

M = GND 

- 

- 

-15 

% 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

EE1 

V 

los 

Short Circuit Current 

V cc = Max! 3 *, V 0 = GND 

-60 

-120 

- 

mA 

VoH 

Output High Voltage 

V cc = 3V> V IN = V LC or V H0 . 1 0H = -32pA 

Jii 

Vcc 

- 

V 


Ioh = - 30 °F a 

Vhc 

Vcc 

- 

I 0 h = -12mA MIL. 

mm 

4.0 

- 

Iqh = “15mA COM'L. 

mm 

4.0 

- 

VOL 

Output Low Voltage 

V CC = 3V, V IN = V LC or V HC , l 0L = 300pA 

~ 

GND 

Vlc 


•ol = 300pA 

~ 

GND 


Iol = 48mA MIL. 

~ 

0.3 

0.55 

Iql = 64mA COM’L. 

- 

0.3 

133 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c - 5 ,0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. These parameters are guaranteed but not tested. 
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I DTS4/74 FCT 646/ A AND IDT54/74FCT648/A 
FAST CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC =V CC - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

V cc = Max. 

V IN > v hcI Mn < M_c 

^cp = f| = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V (3 > 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current (4) 

V cc = Max. 

Outputs Open 

G = GND 

DIR = GND 

One Input Toggling 

50% Duty Cycle 

V IN ^ V HC 

V IN - V LC 

1 

0.15 

0.25 

m A/M Hz 


Total Power Supply Current (6) 

V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

G= GND 

DIR = GND 

One Bit Toggling 
at f| = 5MHz 

50% Duty Cycle 

Vn s v hc 
' v IN < V LC 
(FCT) 

■ 

1.5 

4.0 

mA 

Mn = 3.4V 
or 

V, N = GND 

■ 

2.0 

6.0 

V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

G= GND 

DIR = GND 

Eight Bits Toggling 
at f, = 5MHz 

50% Duty Cycle 

Vn S V hc 

Vin 5V lc 
(FCT) 

■ 

6.75 

(5) 

12.75 

V IN = 3.4V 
or 

\^ N = GND 

■ 

9.75 

(5) 

21.75 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - !c = •quiescent + •inputs + •dynamic 

•c = lcc + Alec D H N T + IcCdOcp/^ + f| N| ) 
l cc = Quiescent Current 

Alee = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

•cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT646/A AND IDT54/74FCT648/A 

FAST CMOS OCTAL TRANSCEIVER/REGISTER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 


IDT54/74FCT646 

IDT54/74FCT646A< 4 > 

UNIT 

typ. (3) 

COM’L. 

MIL. 

typ. (3) 

COM’L. 

MIL. 




MAX. 





tpLH 

tpHL 

Propagation Delay 

Bus to Bus 

C L = 50pF 

R L = 5000 

8.0 

2.0 

9.0 

2.0 

11.0 

- 

2.0 

6.3 

2.0 

D 

ns 

tpZH 

tpZL 

Output Enable Time 
Enable to Bus & 

DIR to A or B 

9.0 

2.0 

14.0 

2.0 

15.0 

■ 

2.0 

D 

2.0 

10.5 

ns 

tpHZ 

l PLZ 

Output Disable Time 
Enable to Bus & 

Direction to Bus 

9.0 

2.0 

9.0 

2.0 

11.0 

■ 

2.0 

6.3 

2.0 

B 

ns 

tpLH 

l PHL 

Propagation Delay 

Clock to Bus 

8.0 

2.0 

9.0 

2.0 

10.0 

- 

2.0 

6.3 

2.0 

7.0 

ns 

*PLH 

*PHL 

Propagation Delay 

SBA or SAB to A or B 

10.0 

2.0 

11.0 

2.0 

12.0 


2.0 

D 

2.0 

8.4 

ns 

tsu 

Set-up time HIGH 
or LOW 

Bus to Clock 

3.0 

4.0 

■ 

D 

- 


2.0 

- 

2.0 

- 

ns 

t H 

Hold time HIGH 
or LOW 

Bus to Clock 

1.0 

2.0 

■ 

2.0 

■ 

■ 

1.5 

B 

1.5 

B 

ns 

*PW 

Pulse Width. 

HIGH or LOW 

4.0 

6.0 

- 

6.0 

- 

■ 

5.0 

- 

5.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 


2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at \fc c = 5.0V. + 25° C ambient and maximum loading. 

4. These are preliminary numbers only. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 


IDT54/74FCT648< 4 > 

IDT54/74FCT648A< 4 > 

UNIT 

typ. <3) 

COM’L 

MIL. 

typ. (3) 

COM’L 

MIL 




MAX. 





tpLH 

*PHL 

Propagation Delay 

Bus to Bus 

C L = 50pF 

R l = 500D 

7.0 

2.0 

8.0 

2.0 

9.0 

- 

2.0 

5.6 

2.0 

6.3 

ns 

l PZH 

tpZL 

Output Enable Time 
Enable to Bus & 

DIR to A or B 

9.0 

2.0 

15.0 

2.0 

18.0 


2.0 

10.5 

2.0 

12.6 

ns 

tpHZ 

tp|_Z 

Output Disable Time 
Enable to Bus & 

Direction to Bus 

9.0 

2.0 

9.0 

2.0 

11.0 


2.0 


2.0 

B 

ns 

tpLH 

tpHL 

Propagation Delay 

Clock to Bus 

7.0 

2.0 

9.0 

2.0 

10.0 


2.0 

6.3 

2.0 

7.0 

ns 

tpLH 

tpHl 

Propagation Delay 

SBA or SAB to A or B 

10.0 

2.0 

11.0 

2.0 

12.0 

- 

2.0 

D 

2.0 

8.4 

ns 

tsu 

Set-up time HIGH 
or LOW 

Bus to Clock 

3.0 

4.0 

B 

B 

- 

■ 

2.0 

- 

2.0 

- 

ns 

»H 

Hold time HIGH 
or LOW 

Bus to Clock 

1.0 

2.0 

B 

2.0 

B 

■ 

1.5 

B 

1.5 

B 

ns 

W 

Pulse Width, 

HIGH or LOW 

4.0 

6.0 

- 

6.0 

- 

- 

5.0 

- 

5.0 

- 

ns 


NOTES: 

1. See test circuit and waveforms. 


2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at = 5.0V. + 25°C ambient and maximum loading. 

4. These are preliminary numbers only. 
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IDT54/74FCT646/A AND IDT54/74FCT648/A 
FAST CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Commercial 

MIL-STD-883, Class B 

Plastic DIP 
CERDIP 
Small Outline 1C 
Leadless Chip Carrier 
CERPACK 

Non-inverting Octal Transceiver/Register 
Fast Non-inverting Fast Octal Transceiver/ 
Register 

Inverting Octal Transceiver/Register 

Fast Inverting Fast Octal Transceiver/Register 

(-55 °C to + 125°C) 

(0°C to +70°C) 
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FAST CMOS 

OCTAL TRANSCEIVER/ 

REGISTER 


PRELIMINARY 

IDT54/74FCT651/A 

IDT54/74FCT652/A 


FEATURES: 

• IDT54/74FCT651 and IDT54/74FCT652 are equivalent to 
FAST™ speeds 

• IDT54/74FCT651 A and IDT54/74FCT652A 30% faster than 
FAST™ speeds 

• Bidirectional bus transceiver and registers 

• Independent registers for A and B buses 

• Real-time data transfer or stored data transfer 

• Choice of true and inverting data transfer 

• 3-state outputs 

• Iol = 64mA (commercial) and 48mA (military) 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Available in 24-pin 300 mil DIP, SOIC and 28-pin LCC 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT651/A and IDT54/74FCT652/A, built in 
CEMOS ™ , consist of bus transceiver circuits, D-type flip-flops 
and control circuitry arranged for multiplex transmission of data 
directly fr om th e data bus or from the internal storage registers. 
GAB and GBA are provided to control the transceiver functions. 
SABandSBA control pins are provided to select either real-time or 
stored data transfer. The circuitry used for select control will elimi- 
nate the typical decoding glitch that occurs in a multiplexer during 
the transition between stored and real-time data. A low input level 
selects real-time data and a high selects stored data. 

Data on the A or B data bus, or both, can be stored in the internal 
D flip-flops by low-to-high transitions at the appropriate clock pins 
(CPAB or CPBA), regardless of the select or enable control pins. 
When SAB and SBA are in the real-time transfer mode, it is also 
possible to store data without usin g the internal D-type flip-flops by 
simultaneously enabling GAB and GBA. In this configuration, each 
output reinforces its input. Thus, when allother data sources to the 
two sets of bus lines are at high impedance, each set of bus lines 
will remain at its last state. 


FUNCTIONAL BLOCK DIAGRAM 


IDT54/74FCT652/A (Non-inverting) 


CPAB SAB GAB 



IDT54/74FCT651/A (Inverting) 


CPAB SAB GAB 



CEMOS is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1 987 Integrated Device Technology. Inc. 
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IDT54/74FCT651/A AND IDT54/74FCT652/A FAST 
CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


CPAB 

SAB 

GAB 

A, 

A 2 

a 3 

a 4 

A 5 

a 6 

A 7 

A 8 

GND 


21 

P24-1, 20 
D24-1, 
E24-1 19 
& IB 
S024-2 , 7 

16 


V C c 

CPBA 

SBA 

SEA 

Bi 

B 2 

b 3 

b 4 

b 5 

Be 

B 7 

Bo 


DIP/CERPACK/SOIC 
TOP VIEW 


LOGIC SYMBOL 



(SEA 

B, 

B 2 

NC 

B 3 

b 4 

b 5 


TOP^EW 



PIN DESCRIPTION 


PIN NAMES 

DESCRIPTION 

Ai -Ag 

Data Register Inputs 

Data Register A Outputs 

B, -B e 

Data Register B Inputs 

Data Register B Outputs 

CPAB, CPBA 

Clock Pulse Inputs 

SAB. SBA 

Transmit/Receive Inputs 

GAB, GBA 

Output Enable Inputs 


FUNCTION TABLE 


INPUTS 

DATA I/O 

OPERATION OR FUNCTION 

GAB 

Gba 

CPAB 

CPBA 

SAB 

SBA 

A, THRU A e 


FCT651/A 

FCT652/A 

n 


HorL 

HorL 

X 

X 

Input 

Input 

Isolation 

Isolation 

D 


t 

t 

X 

X 

Store A and B Data 

Store A and B Data 

X 

H 



X 

X 

Input 

Unspecified 11 ' 

Store A, Hold B 

Store A. Hold B 

H 

H 



X< 2 > 

X 

Input 

Output 

Store A in both registers 

Store A in both registers 

n 

B 

H orL 

t 

X 

X 

Unspecified* 11 

Input 

Hold A, Store B 

Hold A, Store B 

H 

B 

t 

T 

X 

x <2> 

Output 

Input 

Store B in both registers 

Store B in both registers 

mm 

mm 

X 

X 

X 

L 

Output 

Input 

Real-Time E Data to A Bus 

Real-Time B Data to A Bus 

n 

n 

X 

HorL 

X 

H 

Stored E Data to A Bus 

Stored B Data to A Bus 

H 

H 

X 



MM 

Input 

Output 

Real-Time A Data to B Bus 

Real-Time A Data to B Bus 

H 

H 

HorL 

MM 

H 

MM 

Stored A Data to B Bus 

Stored A Data to B Bus 

H 


HorL 

HorL 


H 

Output 

Output 

Stored A Data to B Bus and 

Stored A Data to B Bus and 

L 

H 

Stored E Data to A Bus 

Stored B Data to A Bus 


NOTES: 


1 . The data output functions may be enabled or disabled by various signals at the GAB or GBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every low-to-high transition on the clock inputs. 

2. Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered in order to load both registers. 

H = HIGH, L = LOW, X = Don't Care, f LOW-to-HIGH Transition 
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IDT54/74FCT651/A AND IDT54/74FCT652/A FAST 
CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DETAILED BLOCK DIAGRAM 


CPBA 

GAB 

SBA 

SAB 

GBA 

CPAB 



TO 7 OTHER CHANNELS 



L L X XXL 


REAL-TIME TRANSFER 
BUS B TO BUS A 



L X X | X X 

L H t T X X 

STORAGE FROM 
A AND/OR B 



GAB GBA CPAB CPBA SAB SBA 
H H X X L X 


REAL-TIME TRANSFER 
BUS A TO BUS B 



GAB GBA CPAB CPBA SAB SBA 
H L H or L H or L H H 


TRANSFER 
STORED DATA 
TO A AND/OR B 
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IDT54/74FCT651/A AND IDT54/74FCT652/A FAST 
CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 


mss 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

but 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 




C IN 

Input Capacitance 

S N = 0V 

6 

■a 

PF 

o 

“ 

o 

I/O Capacitance 


8 

■a 

■a, 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T A = 0°Cto + 70°C;\£. c = 5.0V±5% 

Military: T a = -55°Cto + 125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

m 


Input HIGH Current 
(Except I/O pins) 


V| = V cc 

- 

- 

5 


'iH 

Mac — Max. 

V, = 2.7V 

- 

- 

5 (4) 

pA 


Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

-5(4) 

ML 


V, = GND 

- 

- 

-5 


IlH 

Input HIGH Current 
(I/O pins only) 


< 

II 

o< 

o 

- 

- 

15 


Vcc = Max. 

V, = 2.7V 

- 

- 

15(4) 

pA 


Input LOW Current 
(I/O pins only) 

V, = 0.5V 

- 

- 

-15*4* 

ML 


V, = GND 

- 

- 

-15 


V,K 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

*os 

Short Circuit Current 

V cc = Max! 3 * V 0 = GND 

-60 

-120 

- 

mA 



Vcc = 3V, VJn = V|_c or V HC . *oh = -32 pA 

— 

v cc 

- 



Output HIGH Voltage 


l 0H = -300pA 

Vhc 

Vcc 

- 


V OH 


l 0H = -12mA MIL. 

d 

■a 

- 




I 0H = -15mA COM'L. 

MEM 

■a 

- 




Vcc = 3V, V IN = V LC or V HC . I 0L = 300pA 

- 

GND 

Vlc 



Output LOW Voltage 


Iol = 300pA 


GND 

V L c 


V OL 

Iol = 48mA MIL. 

- 

0.3 

0.55 

1 



Iol = 64mA COM’L. 

- 

0.3 

0.55 


V H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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I DT54/74FCT651 /A AND IDT54/74FCT652/A FAST 
CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2 V; V HC = Vcc - 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

\^q — MciX. 

V IN 5 V HC : Mn 5 M.C 
fcP = f| = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V|N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

1 

M) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

GAB = GND 

SBA = GND 

SAB = CPAB = GND 
SBA = V cc 

One Input Toggling 

50% Duty Cycle 

v in 5 Mhc 

Mn < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



V cc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

GAB = GND 

SBA = GND 

SAB = CPAB = GND 
SBA = V cc 

One Bit Toggling 
at f| = 5MHz 

50% Duty Cycle 

V IN i V HC 

V IN S V LC 
(FCT) 

■ 

1.5 

4.0 


*c 

Total Power Supply Current (6) 


■ 

2.0 

6.0 

mA 


\fc c = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

GAB = GND 

SBA = GND 

SAB = CPAB = GND 
SBA = V cc 

Eight Bits Toggling 
at fi = 2.5MHz 

50% Duty Cycle 

Mn 2: v hc 

V|N < V uc 
(FCT) 

B 

3.75 

7.8 (5) 



; B 

■ 

6.0 

16.8 (5) 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, + 25°C ambient and maximum loading. 

3. Per TTL driven input (V| N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6. I c = Iquiescent + ■inputs + •dynamic 

■c = lcc + Alec D H N T + Iccd (*cp/2 + f| N| ) 
lcc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

■ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT651/A AND IDT54/74FCT652/A FAST 
CMOS OCTAL TRANSCEIVER/REGISTER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 





IDT54/74FCT651/652 

IDT54/74FCT651A/652A 


SYMBOL 

PARAMETER 

CONDITION 01 

typ.< 3 > 

COM’L. 

MIL. 

TYP.< 3 > 

COM’L. 

MIL. 

UNIT 




min.< 2 > 

MAX. 

HM2 

MAX. 

min. (2) 

MAX. 

min. (2) 

MAX. 


H 

Propagation Delay 

Bus to Bus 


8.0 

2.0 

9.0 

2.0 

10.0 

- 

- 

- 


- 

ns 

l PLH 

tpHL 

Propagation Delay 
Clock to Bus 


8.0 

2.0 

9.0 

2.0 

11.0 

- 

- 

H 

- 

n 

ns 

tpLH 

IpHL 

Propagation Delay 
SBA or SAB to A or B 


10.0 

2.0 

11.0 

2.0 

12.0 

- 

- 

- 

- 

- 

ns 

jpZH 

‘PZL 

Output Enable Time 
Enable to Bus 


9.0 

2.0 

10.0 

2.0 

12.0 

- 

- 

- 

- 

- 

ns 

tpHZ 

l PLZ 

Output Disable Time 
Enable to Bus 

C L = 50pF 

R l = 5000 

9.0 

2.0 

10.0 

2.0 

12.0 

- 

- 

- 

■ 


ns 

*SU 

Set-up Time 

HIGH or LOW 

Bus to Clock 


3.0 

4.0 

- 

D 

- 

B 

■ 


■ 


ns 


Hold Time 

HIGH or LOW 

Bus to Clock 


1.0 

2.0 

B 

2.0 

B 

B 



B 

B 

ns 


Pulse Width, 

HIGH or LOW 


4.0 

6.0 

- 

6.0 

- 

- 

- 

- 

- 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. Typical values are at Vcc = 5.0V, + 25° C ambient and maximum loading. 
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HIGH-PERFORMANCE IDT54/74FCT821A/B- 
CMOS BUS INTERFACE IDT54/74FCT826A/B 

REGISTERS 


FEATURES: 

• Equivalent to AMD’s Am29821-26 bipolar registers in pinout/ 
function, speeds and output drive over full temperature and 
voltage supply extremes 

• High-speed parallel registers with positive edge-triggered 
D-type flip-flops 

— Non-inverting CP-Y tpo = 7.5ns typ. 

- Inverting CP-Y t P D = 7.5ns typ. 

• Buffer ed co mmon Clock Enable (EN) and asynchronous Clear 
input (CLR ) 

• Iol = 48mA (commercial), 32mA (military) 

• Clamp diodes on all inputs for ringing suppression 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than AMD’s bipolar 
Am29800 series (5pA max.) 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT800 series is built using advanced 
CEMOS ™ , a dual metal CMOS technology. 

The I DT 54/74 FCT820 series bus interface registers are de- 
signed to eliminate the extra packages required to buffer exist- 
ing registers and provide extra data width for wider address/ 
data paths or buses carrying parity. The IDT54/74FCT821 and 
IDT54/74FCT822 are buffered, 10-bit wide versions of the popular 
’374/’ 534 functions. The IDT54/74FCT823 and IDT54/74FCT824 
are 9-bit wi de buffered registers with Clock Enable (EN) 
and Clear (CLR) -ideal for parity bus interfacing in high- 
performance microprogrammed systems. The IDT54/74FCT825 
and IDT54/74FCT826 are 8-bit buffered registers with all the ’823/4 
controls plus multiple enables (OEi , OE2, OE3]_to allow multiuser 
control of the interface, e.g., CS , DMA and RD/WR. They are ideal 
for use as an output port requiring high Iol/Ioh . 

All of the IDT54/74FCT800 high-performance interface family 
are designed for high-capacitance load drive capability, while pro- 
viding low-capacitance bus loading at both inputs and outputs. All 
inputs have clamp diodes and all outputs are designed for low- 
capacitance bus loading in the high impedance state. 


FUNCTIONAL BLOCK DIAGRAM 



PRODUCT SELECTOR GUIDE 



DEVICE 

10-BIT 

9-BIT 

8-BIT 

Non-inverting 

54/7 4FCT821 A/B 

54/74FCT823A/B 

54/74FCT825A/B 

Inverting 

54/74FCT822A/B 

54/74FCT824A/B 

54/7 4FCT826A/B 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMER CIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology, Inc. 


10-164 


DSC-4004/- 



















IDT54/74FCT821A/B-26A/B HIGH-PERFORMANCE 

CMOS BUS INTERFACE REGISTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 

IDT54/74FCT821/IDT54/74FCT822 10-BIT REGISTERS 



y 2 

y 3 

y 4 

NC 

Y 5 

y 6 

y 7 


DIP/CERPACK/SOIC 
TOP VIEW 


LCC 

TOP VIEW 


IDT54/74FCT823/IDT54/74FCT824 9-BIT REGISTERS 



y 2 

y 3 

y 4 

NC 

Y 5 

y 6 

y 7 


TOP VIEW 


TOP VIEW 


LOGIC SYMBOLS 


10 



D 


Q 


CP 




CP 




IDT54/74FCT825/IDT54/74FCT826 8-BIT REGISTERS 



TOP VIEW TOP VIEW 
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IDT54/74FCT821A/B-26A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTION 


NAME 

I/O 

DESCRIPTION 

Di 

1 

The D flip-flop data inputs. 

OCR 

1 

For both inverting and non-inverting registers, when 
the clear input is LOW and OE is LOW, the O t 
outputs are LOW. When the clear input is HIGH, data 
can be entered into the register. 

CP 

1 

Clock Pulse for the Register; enters data into the 
register on the LOW-to-HIGH transition. 

Y,.Vi 

0 

The register three-state outputs. 

ETI 

1 

Clock Enable. When the clock enable is LOW, data 
ontheDi input is transferred to the Q| output on the 
LOW-to-HIGH clock transition. When the clock 
enable is HIGH, the Q, outputs do not change state, 
regardless of the data or clock input transitions. 

OE 

1 

Output Control. When the UE input is HIGH, the Y t 
outputs are in the high impedance state. When the 
OE input is LOW, the TRUE register data is present at 
theY| outputs. 


FUNCTION TABLES 0) 
IDT54/74FCT821/23/25 



INPUTS 



INTERNAL 

OUTPUTS 

FUNCTION 

EM 


1351 

m 

El 

EH 

MM 

H 

X 

fl 

n 

t 

L 

z 

High Z 

H 

X 

n 

o 

T 

H 

z 


n 

n 

19 

n 

H 

mm 

z 

Clear 

mm 

■■ 

MM 


MM 

■9 

L 

■9 

H 

H 

n 

N 

NC 

Z 

Hold 

Hi 

H 

H 

K9 

MM 

NC 

NC 

19 

H 

H 

n 

t 

D 



H 

H 

M 

13 

t 

n 


Load 


H 


n 

T 

■■ 


H 

H 

H 

D 

t 


H 



NOTE: 

1. H = HIGH, L= LOW, X = Don’t Care, NC= No Change,! = LOW-to- 
HIGH Transition, Z = High Impedance 


FUNCTION TABLES (1> 
IDT54/74FCT822/24/26 


INPUTS 

INTERNAL 

OUTPUTS 

FUNCTION 

Eil 

EH 

1351 

IB 

El 

KB 

Y, 

H 

H 

X 

X 

B 

H 

t 

t 

B 

Z 

Z 

High Z 

B 

B 

B 

X 

X 

B 

B 

z 

L 

Clear 

B 

H 

H 

H 

H 

H 

B 

NC 

NC 

z 

NC 

Hold 

H 

H 

H 

H 

H 

B 

1 

t 

T 

t 

r 

H 

H 

Load 


NOTE: 

1. H = HIGH, L= LOW, X = Don’t Care. NC = No Change. | = LOW-to- 
HIGH Transition, Z = High Impedance 
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IDT54/74FCT821A/B-26A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE REGISTERS 


ABSOLUTE MAXIMUM RATINGS 



RATING 

COMMERCIAL 

MILITARY 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

Operating 

Temperature 

Oto +70 

-55 to +125 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

Storage 

Temperature 

-55 to +125 

-65 to +150 

Power Dissipation 

0.5 

0.5 

DC Output Current 

100 

■ 100 


CAPACITANCE (T A =+ 25 °c,f = i.omhz) 



SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

C|N 

Input Capacitance 

<: 

z 

II 

o 

< 

CquT 

Output Capacitance 

I V 0 ur = 0V 





NOTE: 

1. This parameter is measured at characterization but not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2 V; V HC = V cc - 0.2 V 

Commercial: T A = 0°Cto + 70°C; \k c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V CC = 5.0V±10% 


TEST CONDITIONS* 1 ) 


SYMBOL 


Yh 


PARAMETER 


Input HIGH Level 


V |L Input LOW Level 


IH Input HIGH Current 


Input LOW Current 


Off State (High Impedance) 
Output Current 


Guaranteed Logic High Level 


Guaranteed Logic Low Level 


MIN. TYP.< 2) 


2.0 


MAX. UNIT 





Clamp Diode Voltage 


Short Circuit Current 


Output HIGH Voltage 


Output LOW Voltage 


Input Hysteresis on Clock Only 



V cc = Min.. I N = -18mA 


V cc = Max. (3) , V 0 = GND 


V CC = 3V. V 1N = V LC or V HC , l 0H = -32pA 


I I oh “ “300pA 

V cc = M in. 

Vin = Mh or Vl 


low = -15mA MIL. 


I 0H = -24mA COM’L. 


cc — 3V, V )N - Vlc or V HC , I cl - 300pA 


I ol — 300pA 


V cc = Min. 

Vin = Vim or Vl 


Iol = 32mA MIL. 


Iol = 48mA COM’L. 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c= 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


10 



































































































IDT54/74FCT821A/B-26A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2 V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ' 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc = Max. 

v IN >v hc ;Mn < v LC 

'cp = f| = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V(3) 

- 

0.5 

2.0 

mA 

■ 

(4) 

Dynamic Power Supply Current 

\fcc = Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

o o 

Ai VI 


0.15 

0.25 

mA/ 

MHz 

'c 

Total Power Supply Current <6) 

V cc = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 
at f i = 5MHz 

50% Duty Cycle 

V|N ^ V HC 

V|N < V uc 
(FCT) 

■ 

1.5 

4.0 

mA 

V, N = 3.4V or 

V, N = GND 


2.0 

6.0 

V C c = Max. 

Outputs Open 
f CP = 10MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 
at f | = 2.5MHz 

50% Duty Cycle 

V IN S V HC 

V, N < V LC 

(FCT) 


3.75 

7.8< 5 > 

V, N = 3.4V or 

V IN = GND 

■ 

6.0 

16.8 (5) 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at ^cc - 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc Dh^t + 'ccd ("cp/2 + f| N ( ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 


10-168 
















































IDT54/74FCT821 A/B-26A/B HIGH-PERFORMANCE 

CMOS BUS INTERFACE REGISTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


PARAMETER 

DESCRIPTION 

TEST (1) 
CONDITIONS 

1 DT54/74FCT82 1 A-26A 

IDT54/74FCT821 B-26B 

UNIT 

COM’L. 

MIL. 

COM’L. 

MIL. 





min. (2> 


IMB 


tpiH 

tpHL 

Propagation Delay Clock to Y| 

(OE = LOW) 

C L = 50pF 

R l = 5000 

- 

12 

- 

12 

- 

B 

- 

8.5 

ns 

tpLH 

tpHL 

C L = 300pF I 3 ) 
R l = 5000 

- 

20 

- 

20 

- 

15 

- 

16 

ns 

l SU 

Data to CP Set-up Time 

C L = 50pF 

R l = 5000 

4 

- 

4 

- 

3 

- 

3 

- 


*H 

Data CP Hold Time 

2 

- 

2 

- 

1.5 

- 

1.5 

- 


tsu 

Enable (EN _J~ ) to CP 

Set-up Time 

4 

- 

4 

- 

3.0 

- 

3.0 

- 

ns 

tsu 

Enable (EN _J ~ ) to CP 

Set-up Time 

4 

- 

4 

- 

3.0 

- 

3.0 

- 

ns 

t H 

Enable (EN) Hold Time 

2 


2 

- 

0 

- 

0 

- 


tpHL 

Propagation Delay, Clear to Y| 

- 


- 


- 


- 


BP§§ 

tsu 

Clear Recovery (CLR _f~ ) Time 

7 

- 

7 

- 

6.0 

- 

6.0 

- 


tpWH 

Clock Pulse Width 

HIGH 

7 

- 

7 

- 

6.0 

- 


- 

na 

tpWL 

LOW 

7 

- 

7 

- 

6.0 

- 

6.0 

- 


tpWL 

Clear (CLR = LOW) Pulse Width 

7 

- 

7 

- 

6.0 

- 


- 


jpZH 

tpZL 

Output Enable Time OE 
_T toY, 

C L = 50pF 

R l = 5000 

- 

14 

- 

15 

- 

8 

- 

9 

ns 

tpZH 

tpZL 

C L = 300pF< 3 > 
R l = 5000 

- 

23 

- 

25 

- 

15 

- 

16 

ns 

tpHZ 

tPLZ 

Output Disable Time OE 

_r toY, 

C L = 5pF <3) 

Rl = 5000 

- 

9 

- 

10 

H 

6.5 

- 

7 

ns 

tpHZ 

tPLZ 

C L = 50pF 

R l = 5000 

- 

16 

- 

18 

- 

B 

- 

8 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. This parameter is guaranteed but not tested. 
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IDT54/74FCT821A/B-26A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE REGISTERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 

IDTXXFCT XXXX X X 

Temp. Range Device Type Package Process 



Blank 

Commercial 

B 

MIL-STD-883, Class B 

P 

Plastic DIP 

D 

CERDIP 

E 

CERPACK 

L 

Leadless Chip Carrier 

SO 

Small Outline 1C 

821 A 

10-Bit Non-Inverting Register 

821 B 

Fast 10-Bit Non-Inverting Register 

822A 

10-Bit Inverting Register 

822 B 

Fast 10-Bit Inverting Register 

823A 

9-Bit Non-Inverting Register 

823 B 

Fast 9-Bit Non-Inverting Register 

824A 

9-Bit Inverting Register 

824 B 

Fast 9-Bit Inverting Register 

825A 

8-Bit Non-Inverting Register 

825 B 

Fast 8-Bit Non-Inverting Register 

826A 

8-Bit Inverting Register 

826B 

Fast 8-Bit Inverting Register 

54 

-55° C to +125°C 

74 

0°C to +70°C 
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1 

m 

HIGH-PERFORMANCE 

.r-r-r-r^r^ IDT54/74FCT828A/B 

Integrated Dei 

U 

c 

I 

<u 

aaT ,y 

CMOS BUFFERS 


FEATURES: 

• Faster than AMD’s Am29827-28 series 

• Equivalent to AMD’s Am29827-28 bipolar buffers in pinout/ 
function, speeds and output drive over full temperature and 
voltage supply extremes 

• High-speed buffers 

- Non-inverting tpo = 3.5ns typ. 

— Inverting tpo = 4.0ns typ. 

• Iol = 48mA (commercial), 32mA (military) 

• Clamp diodes on all inputs for ringing suppression 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than AMD’s bipolar 
Am29800 Series (5pA max.) 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to M1L-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT800 Series is built using advanced 
CEMOS ™ , a dual metal CMOS technology. 

The IDT54/74FCT827A/B and IDT54/74FCT828A/B 10-bit bus 
drivers provide high-performance bus interface buffering for wide 
data/address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output enables for maximum control flexibility. All 
buffer data inputs have 200mV minimum input hysteresis to 
provide improved noise rejection. 

All of the IDT54/74FCT800 high-performance interface family 
are designed for high-capacitance load drive capability, while pro- 
viding low-capacitance bus loading at both inputs and outputs. All 
inputs have clamp diodes and all outputs are designed for 
low-capacitance bus loading in the high impedance state. 


FUNCTIONAL BLOCK DIAGRAM 

IDT54/74FCT827A/B-IDT5474FCT828A/B 10-BIT BUFFERS 


V 0 V, y 2 y 3 y 4 y 5 y 6 y 7 y 8 y 9 



PRODUCT SELECTOR GUIDE 



10-BIT BUFFER 

Non-inverting 

IDT54/74FCT827A/B 

Inverting 

IDT54/74FCT828A/B 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology. Inc. 


DSC-4010/- 




IDT54/74FCT827A/B-IDT54/74FCT828A/B 
HIGH-PERFORMANCE CMOS BUFFERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS LOGIC SYMBOL 

IDT54/74FCT827A/B/IDT54/74FCT828A/B 



TOP VIEW TOP VIEW 



PIN DESCRIPTION 


NAME 

I/O 

DESCRIPTION 

OF, 

1 

When both are LOW the outputs are 
enabled. When either one or both are HIGH 
the outputs are High Z. 

D, 

1 

10-bit data input. 

Y, 

0 

10-bit data output. 


FUNCTIONAL TABLES 
IDT54/74FCT827A/B (NON-INVERTING) (,) 


INPUTS 

OUTPUT 

FUNCTION 

OF, UI 2 D, 

Y. 

L L L 

L L H 

L 

H 

Transparent 

H X X 

X H X 

Z 

Z 

Three-State 


NOTE: 

1. H = HIGH. L = LOW. X = Don't Care, Z = High Impedance 


IDT54/74FCT828A/B (INVERTING) (1) 


INPUTS 

OUTPUT 

FUNCTION 

OE, OE 2 D, 

Y, 

L L L 

L L H 

B 

Transparent 

H X X 

X H X 

Z 

z 

Three-State 


NOTE: 

1. H = HIGH, L = LOW, X = Don’t Care, Z = High Impedance 
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IDT54/74FCT827A/B-IDT54/74FCT828A/B 

HIGH-PERFORMANCE CMOS BUFFERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1> 


IMM 

RATING 

COMMERCIAL 

MILITARY 

iron 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

'out 

DC Output Current 

100 

100 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25 ° c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 



52j|| 

C|N 

Input Capacitance 

Vin = 0V 

6 

10 

n 

Cqut 

Output Capacitance 

V OUT = 0V 

8 

mm 

WM 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2 V 

Commercial: Ta = 0°Cto + 70°C;\( X . = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP.S 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

■9 

Yl 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

MM 


Input HIGH Current 


V, =V CC 

- 

- 

5 


■lH 

V cc = Max. 

V, = 2.7V 

- 

- 

5< 4 > 

pA 


Input LOW Current 

V, = 0.5V 

- 

- 

-5( 4 ) 

ML 


V, = GND 

- 

- 

-5 


|| 



Vo = V cc 

- 

- 

10 


1 1 

Off State (High Impedance) 

Output Current 

Vcc Max. 

V 0 = 2.7 V 

- 

- 

10< 4 ' 

pA 

1 

V 0 = 0.5V 

- 

- 





V 0 = GND 

- 

- 

-10 


Yk 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

'os 

Short Circuit Current 

V cc = Max! 3 ' V 0 = GND 

-75 

-120 

- 

mA 



Vcc = 3V, V| N = V LC or V HC , l 0H = -32pA 

Yhc 

o< 

O 

- 



Output HIGH Voltage 

V cc = Min. 

Yn = Vih or V ]L 

'oh = - 300pA 

Vhc 

Vcc 

- 

V 

v OH 

l 0H = -15mA MIL. 

mm 

4.0 

- 



I 0H = -24mA COM’L. 

mm 

4.0 

- 




V cc = 3V, V, N = V LC or V HC , Iol= 300pA 

- 

GND 

V LC 



Output LOW Voltage 

V cc = M'n. 

Yn = Vih or V| L 

Iol “ 300pA 

- 

GND 

v LC 


V OL 

Iol = 32mA MIL. 

- 

0.3 

0.5 




Iol = 48mA COM’L. 

- 

0.3 

0.5 


v H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT827A/B-IDT54/74FCT828A/B 
HIGH-PERFORMANCE CMOS BUFFERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

Vqc = Max. 

V IN ^Vhc^Mn ^ M_c 
f, = 0 

■ 

0.001 

1.5 

mA 

Alec 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

1 

(4) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 
(5E = GND 

T/R = GND or V cc 

One Input Toggling 

50% Duty Cycle 

Vn > V HC 

V,n < V LC 

1 

0.15 

0.25 

mA/ 

MHz 

lc 

Total Power Supply Current (S> 

V cc = Max. 

Outputs Open 
f, = 10MHz 

50% Duty Cycle 

5E = GND 

One Bit Toggling 

Vn > V HC 

Vn ^ V_c 
(FCT) 

■ 

1.5 

4.0 

mA 

V,n = 3.4V 

V IN = GND 

■ 

1.8 

5.0 

Vcc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 

Vn ^ V hc 

Vn < V LC 
(FCT) 

■ 

3.0 

(5) 

6.5 

Vn = 3.4V 

V IN = GND 

■ 

5.0 

(5) 

14.5 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - •c = •quiescent + •inputs + •dynamic 

•c = *cc + Alec D H N T + Icco (fcp/2 + f| N ( ) 
l cc = Quiescent Current 

A>cc = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair {HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f ( = Input Frequency 
N| = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT827A/B-IDT54/74FCT828A/B 
HIGH-PERFORMANCE CMOS BUFFERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


PARAMETER 

DESCRIPTION 

TEST (1) 

CONDITIONS 

IDT54/74FCT827A/28A 

IDT54/74FCT827B/28B 

UNIT 

COM’L 

MIL 

COM’L. 

MIL. 

min. {2 > 

MAX. 

min.< 2 > 

MAX. 

min. (2) 


min. (2) 


tpLH 

tpHL 

Propagation Delay from D| to Yi 
IDT54/74FCT827A/B (Non-inverting) 

C L = 50pF 

R l = 5000 

- 

8 

- 

10 

- 

5.0 

- 

6.5 

ns 

l PLH 

tpHL 

C L = 300pF< 3 ) 
R l = 5000 

- 

15 

- 

17 

- 

13.0 

- 

14.0 

ns 

cl a 

Propagation Delay from D ( to Y| 
IDT54/74FCT828A/B (Inverting) 


- 

m 

- 

9.5 

- 

5.5 

- 

6.5 

ns 

tpLH 

tpHL 


- 

14 

- 

16 

- 

13.0 

- 

14.0 

ns 

l PZH 

tpZL 

Output Enable Time OE to Y| 

RHSS 

- 

15 

- 

17 

- 

8.0 

- 

9.0 

ns 

l PZH 

tpZL 

| EES 

- 

23 

- 

25 

- 

15.0 

- 

16.0 

ns 

l PHZ 

tpHL 

Output Disable Time OE to Y| 


- 

9 

- 

10 


6.0 

- 

7.0 

ns 

tpHZ 

tpHL 


- 

17 

- 

19 

m 

7.0 

- 

8.0 

ns 


NOTES: 

1. See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. These parameters are guaranteed but not tested. 











































































IDT54/74FCT827A/B-IDT54/74FCT828A/B 
HIGH-PERFORMANCE CMOS BUFFERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 





mm 


Integrated DeviceTechnology. Inc. 


FAST CMOS 
PARITY BUS 
TRANSCEIVER 


PRELIMINARY 

IDT54/74FCT833A/B 

IDT54/74FCT834A/B 

IDT54/74FCT853A/B 

IDT54/74FCT854A/B 


FEATURES: 

• Equivalent to AMD’s Am29833-34 and Am29853-54 bipolar 
parity bus transceivers in pinout/function, speeds and output 
drive over full temperature and voltage supply extremes 

• High speed bidirectional bus transceiver for processor- 
organized devices 

Non-inverting propagation delay = 7.0ns max. 

Inverting propagation delay = 7.0ns max. 

• Buffered direction three state control 

• Error Flag with open-drain output 

• Iol = 48mA (commercial) and 32mA (military) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than AMD’s bipolar 
Am29800 series (5pA max.) 

• Available in Plastic DIP, CERDIP, LCC and SOIC 

• Product available in Radiation Tolerant and Enhanced 
versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54/74FCT833/34/53/54 are high-performance bus 
transceivers designed for two-way communications. They each 
contain an 8-bit data path from the R (port) to the T (port), a 8-bit 
data path from the T (port) to the R (port) , and a 9-bit parity checker/ 
generator. Two options are available: the IDT54/74FCT833/34 reg- 
ister option and the IDT54/74FCT853/54 latch option. With the reg- 
ister option, the error flag can be clocked and stored in a register 
and read at the ERR output. The clear (CLR) input is used to clear 
the error flag register. With the latch option, the error can be either 
passed, stor ed, s ampled or cleared at the error flag output by using 
the EN and CLR controls. 

The output enables OEt andOER are used to force the port out- 
puts to the high-impedan ce st ate so th at the device can drive bus 
lines directly. In addition, OERandOEi can be used to force a par- 
ity error by enabling both lines simultaneously. This transmission 
of inverted parity gives the designer more system diagnostic capa- 
bility. The IDT54/74FCT833 and IDT54/74FCT853 are non-invert- 
ing, while the IDT54/74FCT834 and IDT54/74FCT854 present in- 
verting data at the outputs. The devices are specified at 48mA and 
32mA output sink current over the commercial and military tem- 
perature ranges, respectively. 


FUNCTIONAL BLOCK DIAGRAM 

IDT54/74FCT833 IDT54/74FCT853 

(Device Shown Non-inverting) (Device Shown Non-inverting) 



NOTE: 

1. Non-inverting buffer for IDT54/74FCT833/53, inverting buffer for 
IDT54/74FCT834/54, note that the inverting device converts the posi- 
tive logic “R” bus levels to negative levels on“T" bus. 


CEMOS is a registered trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1 987 Integrated Device Technology, Inc. 
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I DT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 
IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 

IDT54/74FCT833/34 


IDT54/74FCT853/54 



T 2 

t 3 

t 4 

NC 

Ts 

t 6 

t 7 


TOP VIEW 


TOP VIEW 


PIN DESCRIPTION 


PIN NO. 

NAME 

I/O 

DESCRIPTION 

1 DT54/74 FCT833/34 

1 

oe r 

1 

RECEIVE enable input. 

2-9 

Ri 

I/O 

8-bit RECEIVE data output. 

10 

ERR 

0 

Output from fault registers. Registers detection of odd parity fault on using clock edge (CLK). A reg- 
istered ERR output remains low until cleared. Open drain output, requires pull up resistor. 

11 

CLR 

o 

Clears the fault register output. 

16-23 

T, 

I/O 

8-bit TRANSMIT data output. 

15 

PARITY 

I/O 

1 -bit PARITY output. 

14 

OEr 

1 

TRANSMIT enable input. 

13 

CLK 

1 

External clock pulse input for fault register flag. 

IDT54/74FCT853/54 

1 

oe r 

1 

RECEIVE enable input. 

2-9 

R| 

I/O 

8-bit RECEIVE data output. 

10 

ERR 

0 

Output from fault latches. Latches detection of odd parity fault on active enable EN. A latched ERR 
output remains LOW until cleared. Open drain output, requires pull up resistor. 

11 

CLR 

o 

Clears the fault latch output. 

16-23 

Ti 

I/O 

8-bit TRANSMIT data output. 

15 

PARITY 

I/O 

1-bit PARITY output. 

14 

OEt 

1 

TRANSMIT enable input. 

13 

EN 

1 

Enable latch input for fault flag. 


ERROR FLAG OUTPUT TRUTH TABLE 


IDT54/74FCT833/IDT54/74FCT834 
(REGISTER OPTION) 


OE r is HIGH and OE R is LOW. 


OE T is HIGH and OE R is LOW. 


INPUTS 

INTERNAL 
TO DEVICE 

OUTPUTS 

PRE-STATE 

OUTPUT 

FUNCTION 

m 


POINT “P” 

ERRn-1 

ERR 

H 

t 

H 


n 

Sample 

H 

f 

_ 



(1's 

H 

r 

L 


H 

Capture) 

L 

- 

- 


| . H 

Clear 


IDT54/74FCT853/IDT54/74FCT854 
(LATCH OPTION) 


INPUTS 

INTERNAL 
TO DEVICE 

OUTPUTS 

PRE-STATE 

OUTPUT 

FUNCTION 

mm 


POINT “P” 

ERRn-1 

ERR 

m 

m 

L 

- 

L 


mm 

KB 

H 


H 


n 

H 

L 

- 

L 

Sample 

KB 

H 

— 

L 

L 

(1’s 

mm 

H 

H 

H 

H 

Capture) 

H 

L 

- 

- 

H 

Clear 

H 

H 

H 

H 

_ 

L 

H 

L 

H 

Store 
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IDT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 

IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTION TABLES 


IDT54/74FCT833 NON-INVERTING REGISTER OPTION 






INPUTS 



OUTPUTS 













FUNCTION 





R, ( X OF H'S) 

T, INCL PARITY (X OF H’S) 





Em 




K9 

MM 

PARITY 


n 

H 

- 

- 

H (Odd) 

NA 

NA 

n 

■S 

NA 

Transmit data from R Port 

99 

H 

— 

— 

H (Even) 

NA 

NA 

mm 


NA 

to T Port with parity: 


H 

- 

- 

L (Odd) 

NA 

NA 



NA 

receiving path is disabled. 

MM 

H 

- 

- 

L (Even) 

NA 

NA 

WM 

H 

NA 

H 

wm 

H 

n 

NA 

H (Odd) 

N 

NA 

NA 

mm 

Receive data from T Port 

H 

H 

H 

■1 

NA 

H (Even) 

MSM 

NA 

NA 

99 

to R Port with parity test 

H 

mm 

H 

■I 

NA 

L (Odd) 

■9 

NA 

NA 

mm 

resulting in flag: transmitting 

H 

H 

H 

II 

NA 

L (Even) 

Mm 

NA 

NA 

99 

path is disabled. 

- 

- 

L 

- 

- 

- 

- 

NA 

NA 

H 

Clear the state of error flag 
register. 

H 

H 

n 


- 

- 

2 

z • 

Z 

MM 

Both transmitting and receiv- 

H 

H 

ra 

— 

— 

— 

2 

Z 

z 

mm 

ing paths are disabled. 

H 

H 

H 

r 

L (Odd) 

- 

2 

z 

z 


Parity logic defaults to trains- 

H 

H 

H 

t 

H (Even) 

- 

2 

z 

z 

99 

mit mode. 

mm 

wm 

■ 

■ 


NA 

NA 

MM 

n 

NA 



M 




NA 

NA 



NA 

Forced-error checking. 

99 

H 

9 



NA 

NA 

■9 

■1 

NA 

MM 

H 




NA 

NA 

99 

n 

NA 



IDT54/74FCT834 INVERTING REGISTER OPTION <2) 


INPUTS 

OUTPUTS 

FUNCTION 

cre T 

OEr 

CtR 

CLK 

R, (X OF L’S) 

T, INCL PARITY (I OF H’S) 

MM 

n 

PARITY 


n 

H 

■ 

- 

H (Odd) 

NA 

NA 

L 

mm 

NA 

Transmit data from R Port 

MM 

H 


— 

H (Even) 

NA 

NA 

L 


NA 

to T Port with parity: > 

HI 

H 


- 

L (Odd) 

NA 

NA 

H 


NA 

receiving path is disabled. 

■Dl 

H 


— 

L (Even) 

NA 

NA 

H 


NA 


H 

MM 

H 

T 

NA 

H (Odd) 

L 

NA 

NA 

MEM 

Receive data from T Port 

H 

■9 

H 

T 

NA 

H (Even) 

L 

NA 

NA 

■9 

to R Port with parity test 

H 


H 

T 

NA 

L (Odd) 

H 

NA 

NA 

99 

resulting in flag; transmitting 

H 

■9 

H 

T 

NA 

L (Even) 

H 

NA 

NA 

99 

path is disabled. 











Clear the state of error flag 



L 







H 

register. 

H 

H 

D 

- 

- 

- 

Z 

Z 

Z 

m 

Both transmitting and receiv- 

H 

H 

Mm 

— 

— 

— 

Z 

Z 

Z 

99 

ing paths are disabled. 

H 

H 

H 

t 

L (Odd) 

- 

z 

z 

z 

99 

Parity logic defaults to trans- 

H 

H 

H 

r 

H (Even) 

- 

z 

z 

z 

H 

mit mode. 

99 

n 

■ 



NA 

NA 

L 

:n 

NA 



Wm 




NA 

NA 

L 


NA 


Mm 

H 




NA 

NA 

H 


NA 

Forced-error checking. 

■9 

■9 

9 

M 

ms 

NA 

NA 

H 


NA 



H = High Z = High Impedance Odd = Odd number of logic one’s 

L = Low NA = Not Applicable Even = Even number of logic one’s 

"1" = Low to high transition of clock — = Don’t Care or Irrelevant i = 0, 1 , 2, 3, 4, 5, 6, 7 

‘Store the Error State of the Last Receive Cycle 
NOTES: 

1 . Output state assumes HIGH output pre-state. 

2. Note that for the negative levels on the B Port, an "H" represents a logic "O’ while an "L” represents a logic “I”. 
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IDT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 
IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTION TABLES (CONTINUED) 
IDT54/74FCT853 NON-INVERTING LATCH OPTION 


INPUTS 




OUTPUTS 





Transmit data from R Port 
to T Port with parity; 
receiving path is disabled. 


Receive data from T Port 
to R Port with parity test 
resulting in flag; transmitting 
path is disabled. 


Receive data from T Port 
to R Port, pass the error test 
resulting to error flag; 
transmitting path is disabled. 


Store the state of error flag 
register. 


Clear the state of error flag 
register. 


Both transmitting and receiv- 
ing paths are disabled. 

Parity logic defaults to trans- 
mit mode. 


Forced-error checking. 


IDT54/74FCT854 INVERTING LATCH OPTION <2) 


INPUTS 


OUTPUTS 


PARITY 



H 

H 

H 

H 

H 

H 

H 

H 


DMBLI 


H = High NA = Not Applicable Odd 

L = Low ‘Store the Error State of the Last Receive Cycle Even 

Z = High impedance — = Don't Care or Irrelevant i 

NC = No Change 
NOTES: 

1 . Output state assumes HIGH output pre-state. 

2. Note that for negative logic levels on the B Port, an “H" represents a logic "0” while an “L” represents a logic “1 


Transmit data from R Port 
to T Port with parity; 
receiving path is disabled. 


Receive data from T Port 
to R Port with parity test 
resulting in flag; transmitting 
path is disabled. 


Receive data from T Port 
to R Port, pass the error test 
resulting to error flag; 
transmitting path is disabled. 


Store the state of error flag 
register. 


Clear the state of error flag 
register. 


Both transmitting and receiv- 
ing paths are disabled. 

Parity logic defaults to trans- 
mit mode. 


Forced-error checking. 


Odd number of logic one's 
Even number of logic one's 
0,1,2, 3, 4, 5, 6,7 
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IDT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 
IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


BEE35H 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pi 

Power Dissipation 

0.5 

0.5 

w 

'out 

DC Output Current 

120 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 





Input Capacitance 

V, N =0V 

6 

m 

pF 

C l/0 

I/O Capacitance 

Vqut = ov 

KB 

wm 

mm 


NOTE: 


1. This parameter is guaranteed by characterization and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto +70°C;V C c = 5.0V±5% 

Military: T a = -55°Cto +125°C; V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

typ. (2) 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

IlH 

Input HIGH Current (Except I/O pins) 

V cc = Max. 

V, = v cc 

- 

- 

5 

pA 

V, = 2.7V 

- 

- 

5< 4 > 

IlL 

Input LOW Current (Except I/O pins) 

V, = 0.5V 

- 

- 

-5H) 

V, = GND 

- 

- 

-5 

IlH 

Input HIGH Current (I/O pins only) 

V cc = Max. 

v, = v cc 

- 

- 

mm 

pA 

V, = 2.7V 

- 

- 


IlL 

Input LOW Current (I/O pins only) 

V, = 0.5V 

- 

- 

-15< 4 ) 

V, = GND 

- 

- 


V IK 

Clamp Diode Voltage 

V cc = Min., I N = -18mA 

- 

-0.7 

-1.2 

V 

tas 

Short Circuit Current 

V cc = Max/ 3 ), V 0 = GND 

-60 

-120 

- 

mA 

V 0H 

Output HIGH Voltage 
(Except Err) 

Vac = 3V, V| N = V L c or V HC , l 0H = -32pA 

Vhc 

o< 

O 

- 

V 

V cc = Min. 

V1n = V| H or V 1L 

l 0H = -300pA 

V HC 

Vcc 

- 

l 0H = -15mA MIL. 

El 

El 

- 

I 0H = -24mA COM’L. 

El 

El 

- 

VoL 

Output LOW Voltage 

Vcc = 3V, V IN = V LC or V HC , I 0 l = SOOpA 

- 

GND 

m 

V 

d 

5 

II 

0 

>° 

All other 
outputs 

V|N = V IH 
or Vil 

Iq L — 300pA 

- 

GND 

M 

l 0L = 32mA MIL. 

- 

0.3 


I 0L = 48mA COM’L. 

- 

0.3 

0.5 


ERR 

I 0 l = 48mA 

- 

0.3 

0.5 

V H 

Input Hysteresis on i; and R, 

- 

- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 









































































































IDT54/74FCT833A/B, 1DT54/74FCT834A/B, IDT54/74FCT853A/B AND 

IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Max. 

V,N < Vhc ; Mn < V LC 
f, = 0 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4VI3) 

- 

0.5 

2.0 

mA 

D 

Dynamic Power Supply Current (4) 

V C c= Max. 

Outputs Open 

C1 T = CE R = GND 

One Input Toggling 

50% Duty Cycle 

£ 3 
> r > 

Al VI 

■ 

0.15 

0.25 

mA/MHz 

'cc 

Total Power Supply Current' 6 ' 

Vcc = Max. 

Outputs Open 

f CP = 10MHz (CLKorETC) 

50% Duty Cycle 

OE t = GND 

OEr = \fcc 
f, = 2.5MHz 

One Input Toggling 

V,N > V HC : 

V,n < V LC 
(FCT) 

B 

1.2 

fl 

mA 

V IN = 3-4V 

V IN = GND 


1.6 

B 

Vcc = Max. 

Outputs Open 

f CP = 10MHz (CLK or EFT) 

50% Duty Cycle 

OE t = GND 
fi = 2.5MHz 

0E R = V cc 

Eight Inputs Toggling 

v in ^ V HC ; 

V,N < V LC 
(FCT) 


3.8 

78 < 5 ' 


■ 

6.0 

16.8 ,5) 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc D H N T + 'cCD (fcp/2 + f| N| ) 

'cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V iN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

'cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 
IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER TEMPERATURE RANGE 



DESCRIPTION 


TEST (4 
CONDITIONS 


Propagation Delay 
R, to T, , T| to R ! 


Propagation Delay 
R, to PARITY 


Output Enable Time 
GE r , 0 E t to R , . T, 


Output Disable Time 

OEp.TSE-rtoR^T, 


T , . PARITY to CLK Set-up Time (1) 


i; , PARITY to CLK Hold Time <*> 


Clear Recovery Time CLR to CLK <2) 


m HIGH 

Clock Pulse Width (1) 


Clear Pulse Width 


Propagation Delay CLK to ERR (1 * 


Propagation Delay CLR to ERR 


Prop agation-Delay T|, PARITY TO 
ERR (PASS Mode Only) 
IDT54/74FCT853 and IDT54/74FCT854 


Propagation Delay 0E R to PARITY 



C L = 300pF' 



C L = 300pF (6) 


NOTES: 

1. For IDT54/7 4FCT853/54, replace CLK with EN. 

2. Not applicable to IDT54/74FCT853/54. 

3. XX represents 33. 34. 53 and 54. 

4. See test circuit and waveforms. 

5. Minimum limits are guaranteed but not tested on Propagation Delays. 

6. These parameters are guaranteed but not tested. 


] IDT54/74FCT8XXA< 3 > 

IDT54/74FCT8XXB< 3 > 


I COM’L 

MIL 

COM’L 

MIL 

UNIT 



- 

10.0 

- 

14.0 

- 

7.0 

- 

10.0 

ns 

- 

10.0 

- 

14.0 

- 

7.0 

- 

10.0 

ns 

- 

17.5 

- 

21.5 

- 

14.5 

- 

17.5 

ns 

- 

17.5 

- 

21.5 

- 

14.5 

- 

17.5 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

22.5 

- 

27.5 

- 

18.0 

- 

21.5 

ns 

- 

22.5 

- 

27.5 

- 

18.0 

- 

21.5 

ns 

- 

12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 

- 

12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 

- 

19.5 

- 

23.5 

- 

16.0 

- 

18.5 

ns 

- 

19.5 

- 

23.5 

- 

16.0 

- 

18.5 

ns 

II 

10.7 

- 

14.7 

- 

7.2 

- 

9.8 

ns 


10.7 

- 

14.7 

- 

7.2 

- 

9.8 

ns 

- 

12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 

- 

12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 

12.0 

- 

16.0 

- 

8.5 

- 

11.0 

- 

ns 

0 

- 

0 

- 

0 

- 

0 


ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

7.0 

- 

9.5 


5.5 

- 

7.0 

- 

ns 

7.0 

- 

9.5 

- 

5.5 

- 

7.0 


ns 

7.0 

- 

9.5 

- 

5.5 

- 

7.0 

- 

ns 


12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 


12.0 

- 

16.0 

- 

8.5 

- 

11.0 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

15.0 

- 

20.0 

- 

10.5 

- 

14.0 

ns 

- 

22.5 

- 

27.5 

- 

18.0 

- 

21.5 

ns 

- 

22.5 

- 

27.5 

- 

18.0 

- 

21.5 

ns 



































































































































































































































IDT54/74FCT833A/B, IDT54/74FCT834A/B, IDT54/74FCT853A/B AND 
IDT54/74FCT854A/B FAST CMOS PARITY BUS TRANSCEIVER 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


xxxx 


IDTXXFCT 

Temp. Range Device Type Package ProcessTTemperature 



Blank 

B 


P 

D 

L 

SO 

E 

833A 

833B 

834A 

834B 

853A 

853B 

854A 

854B 


54 

74 


Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 

Compliant to MIL-STD-883, Class B 

Plastic DIP 
Cerdip 

Leadless Chip Carrier 
Small Outline 1C 
CERPACK 

Non-inverting Parity Bus Transceiver (Register Option) 

Fast non-inverting Parity Bus Transceiver (Register Option) 
Inverting Parity Bus Transceiver (Register Option) 

Fast inverting Parity Bus Transceiver (Register Option) 
Non-inverting Parity Bus Transceiver (Latch Option) 

Fast non-inverting Parity Bus Transceiver (Latch Option) 
Inverting Parity Bus Transceiver (Latch Option) 

Fast inverting Parity Bus Transceiver (Latch Option) 

-55°C to + 125°C 
0°C to +70°C 
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HIGH-PERFORMANCE 
CMOS BUS INTERFACE 
LATCHES 


IDT54/74FCT841A/B- 

IDT54/74FCT846A/B 

(Replaces 39C841-46) 


FEATURES: 

• Equivalent to AMD’s Am29841-46 bipolar registers in pinout/ 
function, speeds and output drive over full temperature and 
voltage supply extremes 

• High-speed parallel latches 

— Non-inverting transparent tpo = 5.5ns typ. 

— Inverting transparent tpo = 6.0ns typ. 

• Buffered common latch enable, clear and preset input 

• Iol = 48mA (commercial) and 32mA (military) 

• Clamp diodes on all inputs for ringing suppression 

• CMOS power levels (5 jjW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than AMD’s bipolar 
Am29800 Series (5pA max.) 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54/74FCT800 Series is built using advanced 
CEMOS ™ , a dual metal CMOS technology. 

The IDT54/74FCT840 Series bus interface latches are designed 
to eliminate the extra packages required to buffer existing latches 
and provide extra data width for wider address/data paths or buses 
carrying parity. The IDT54/74FCT841 and IDT54/74FCT842 are 
buffered, 10-bit wide versions of the popular ’373 function. The 
IDT54/74FCT843 and IDT54/74FCT844 are 9-bit wide buffered 
latches with Preset (PRE) and Clear (CLR) — ideal for parity bus 
interfacing in high-performance systems. The IDT54/74FCT845 
and I DT54/74FCT846 are 8-bit buffered latches with all the ’843/4 
controls plus multiple enablesJOEi , OE 2 , OE 3 ) to allow multiuser 
control of the interface, e.g., CS , DMA and RD/WR. They are ideal 
for use as an output port requiring high Iol/Ioh . 

All of the IDT54/74FCT800 high-performance interface family 
are designed for high-capacitance load drive capability, while pro- 
viding low-capacitance bus loading at both inputs and outputs. All 
inputs have clamp diodes and all outputs are designed for low-ca- 
pacitance bus loading in the high impedance state. 


FUNCTIONAL BLOCK DIAGRAM 



PRODUCT SELECTOR GUIDE 



DEVICE 

10-BIT 

9-BIT 

8-BIT 

Non-inverting 

54/74FCT841 A/B 

54/74FCT843A/B 

54/7 4FCT845A/B 

Inverting 

54/74FCT842A/B 

54/74FCT844A/B 

54/74FCT846A/B 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT841 A/B-46A/B HIGH-PERFORMANCE 

CMOS BUS INTERFACE LATCHES MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 

IDT54/74FCT841/IDT54/74FCT842 10-BIT LATCHES 


LOGIC SYMBOLS 



v cc 

Y 0 

V, 

Y 2 

y 3 

y 4 

y 5 

Y e 

Y 7 

y 8 

Yg 

LE 



Y 2 

y 3 

y 4 

NC 

Y 5 

y 6 

y 7 



DIP/CERPAC-K/SOIC 
TOP VIEW 


LCC 

TOP VIEW 


IDT54/74FCT843/IDT54/74FCT844 9-BIT LATCHES 



v cc 

Yg 

Y, 

Y 2 

y 3 

y 4 

y 5 

Ye 

Y 7 

y 8 

FEE 

LE 


DIP/CERPACK/SOIC 
TOP VIEW 



Y 2 

y 3 

y 4 

NC 

Y 5 

y 6 

y 7 



TOP VIEW 


IDT54/74FCT845/IDT54/74FCT846 8-BIT LATCHES 



Y, 

Y 2 

y 3 

NC 

Y 4 

y 5 

Y r 



TOP VIEW 


TOP VIEW 
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IDT54/74FCT841A/B-46A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE LATCHES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTION 


NAME 

I/O 

DESCRIPTION 

IDT54/74FCT841/43/45 (Non-inverting) 

CER 

1 

When CLR is low, the outputs are LOW ifOE is LOW. 
When CLR is HIGH, data can be entered into the 
latch. 

D, 

1 

The latch data inputs. 

LE 

1 

The latch enable input. The latches are transparent 
when LE is HIGH. Input data is latched on the HIGH- 
to-LOW transition. 

Yi 

0 

The 3-state latch outputs. 

OE 

1 

The output enable control. When OE is LOW, the 
outputs are enabled. When OE is HIGH, the outputs 
Yi are in the high-impedance (off) state. 

PRE 

1 

Preset line. When PRE is LOW, the outputs are HIGH 
if OE is LOW. Preset overrides CLR. 

IDT54/74FCT842/44/46 (Inverting) 

CUR 

1 

When CLR is low, the outputs are LOW if OE is LOW. 
When CLR is HIGH, data can be entered into the 
latch. 

D, 

1 

The latch inverting data inputs. 

LE 

1 

The latch enable input. The latches are transparent 
when LE is HIGH. Input data is latched on the HIGH- 
to-LOW transition. 

Yi 

o 

The 3-state latch outputs. 

OE 

1 

The output enable control. When CE is LOW, the 
outputs are enabled. When OE is HIGH, the outputs 
Y| are in the high-impedance (off) state. 

PRE 

1 

Preset line. When PRE is LOW, the outputs are HIGH 
if CE is LOW. Preset overrides CLR. 


FUNCTION TABLES (1) 
IDT54/74FCT841/43/45 


INPUTS 

iflrrrB 

EEBrai 

OUT- 

PUTS 

FUNCTION 



EH 

■a 

■31 

mm 

wm 

H 

H 

n 

K9 

B9 

X 

z 

High Z 

n 

H 

E> 

D 

L 

L 

z 

High Z 

wm 

H 

O 

O 

n 

H 

z 

High Z 

H 

H 

o 

L 

D 

NC 

z 

Latched (High Z) 

mm 

H 

L 

O 


L 

L 

Transparent 

H 

H 

L 

ra 

■9 

H 

H 

Transparent 

mm 

mm 

L 

L 


NC 


Latched 

mm 

L 

mm 

D 

D 

H 

mm 

Preset 

mm 

H 

L 

B 

ra 

L 

L 

Clear 

L 

L 

L 

O 

ra 

H 

mm 

Preset 

L 

H 

O 

L 

ra 

L 

z 

Latched (High Z) 

H 

L 

O 

L 

ra 

H 

z 

Latched (High Z) 


NOTE: 

1. H = HIGH, L = LOW, X = Don't Care, NC = No Change, | = LOW-to- 
HIGH Transition, Z = High Impedance 


FUNCTION TABLES (1) 
IDT54/74FCT842/44/46 


INPUTS 

rmm, 

OUT- 

PUTS 

FUNCTION 

Klijl 

■a;T=i 

El 

El 

ra 

O, 

Y, 

H 

H 

m 

■9 

B9 

X 

Z 

High Z 

H 

H 

ra 

ra 

ra 

L 

z 

High Z 

H 

H 

ra 

ra 

L 

H 

z 

High Z 

H 

H 

ra 

L 

ra 

NC 

z 

Latched (High Z) 

mm 

mm 

L 

D 

ra 

L 

L 

Transparent 

H 

H 

D 

ra 

ra 

H 

H 

Transparent 

mm 

mm 

ra 

ra 


NC 


Latched 

mm 

L 

L 

ra 


H 

mm 

Preset 

PM 

H 

L 

ra 

ra 

L 

L 

Clear 


L 

L 

ra 

ra 

H 

mm 

Preset 

mm 

H 

ra 

L 

ra 

L 

z 

Latched (High Z) 

H 

L 

ra 

L 

ra 

H 

z 

Latched (High Z) 


NOTE: 

1. H = HIGH, L = LOW, X = Don't Care, NC = No Change, f = LOW-to- 
HIGH Transition, Z = High Impedance 


























































































I DT54/74FCT841 A/B-46A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE LATCHES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 


^9 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T A 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

0.5 

w 

but 

DC Output Current 

100 

100 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 




C|N 

Input Capacitance 

§ 

11 

z 

> 

D 

B3 

pF 

^OUT 

Output Capacitance 

Vqut = 0V 

8 

O 

pF 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following conditions apply unless otherwise specified: 

V LC = 0.2V; V HC = V CC -0.2V 

Commercial: T a = 0°Cto + 70°C;\(. c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ’ 

MIN. 

typ. (2) 

MAX. 

UNIT 


Input HIGH Level 

Guaranteed Logic High Level 


- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

■a 

V 

H 

Input HIGH Current 

V cc = Max. 

V =^0 

- 

- 

5 

PA 

^ = 2.7 V 

- 

- 

5S 

IlL 

Input LOW Current 

M = 0.5V 

- 

- 

-5S 

M = GND 

- 

- 

-5 

■ 

Off State (High Impedance) 

Output Current 

V cc = Max. 

V 0 = Vfcc 

- 

- 

10 

PA 

V 0 = 2.7V 

- 

- 

10( 4 ) 

V 0 = 0.5V 

- 

- 

-id 4) 

V 0 = GND 

- 

- 

-10 

V|K 

Clamp Diode Voltage 

V cc = Min., l N = -18mA 

- 

-0.7 

-1.2 

V 

bs 

Short Circuit Current 

V cc = Max! 3 ’. = GND 

-75 

-120 

- 

mA 

Voh 

Output HIGH Voltage 

Vcc = 3V, V 1N = V LC or V HC . I 0 h= -32 pA 

mm 

BS 

- 

V 

V cc = Min. 
v iN = V| H or v; L 

l OH — -300pA 

mm 

Nfcc 

_ 


mm 

mm 

- 


MM 

mm 

- 

Ydl 

Output LOW Voltage 

Vcc = 3V, V IN = V LC or V HC , l 0L = 300pA 

- 

GND 

V LC 

V 

V cc = Min. 

Vin = Vih or M l 

Iol ~ 300pA 

- 

GND 

^lc 

Iol = 32mA MIL. 

- 

0.3 

0.5 

bL = 48mA COM'L. 

- 

0.3 

0.5 

v H 

Input Hysteresis on Clock Only 


- 

200 

- 

mV 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 
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IDT54/74FCT841A/B-46A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE LATCHES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PARAMETER 


Quiescent Power Supply Current 


Quiescent Power Supply Current 
TTL Inputs HIGH 



TEST CONDITIONS' 


V cc = Max. 

Vim >Vwo ■ Mni < Hr 



v lN 5 V HC 
V,m < Vn 


V IN > V HC 

V|N < V LC 
(FCT) 



V IN t V HC 

VlN < V LC 
(FCT) 


V cc = Max. 
V 1N = 3.4V (3) 


Vcc = Max. 

Outputs Open 
OE = GND 
LE = \fcc 

One Input Toggling 
50% Duty Cycle 


Vfcc - Max. 

Outputs Open 
f, = 10MHz 
50% Duty Cycle 
OE = GND 
LE = Vcc 
One Bit Toggling 

c Total Power Supply Current <6> 

Vfcc = Max. 

Outputs Open 
f, = 2.5MHz 
50% Duty Cycle 
OE = GND 
LE = Vcc 
Eight Bits Toggling 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - !c = Quiescent + Inputs + Dynamic 

lc = *CC + Alec D H N T + I CCD (^C p/2 + f| N| ) 
l cc = Quiescent Current 

Alec = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 



typ. (2) 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/ 

MHz 

1.5 

4.0 


1.8 

5.0 

mA 



3.0 

6.5 (5> 


5.0 

14.5 (5> 
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IDT54/74FCT841A/B-46A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE LATCHES 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


PARAMETER 

DESCRIPTION 

TEST 0 ’ 

CONDITIONS 

1 DT54/74 FCT841 A-46A 

IDT54/74FCT841 B-46B 

UNIT 

COM’L 

MIL. 

COM’L. 

MIL. 



MIN. 


MIN. 


MIN. 


Wh 

(IDT54/74FCT841 , 43, 45) 
tpHL 

Data (Di ) to Output (Yi ) 

(LE = HIGH) 

C L = 50pF 

R l = 5000 

■ 

9.5 

■ 

11 

■ 

6.5 

■ 

■ 

ns 

l PLH 

tpHL 

C L = 300pF(3) 
R l = 5000 

- 

13 

- 

15 

- 

13 

- 

15 

ns 

tsu 

Data to LE Set-up Time 

C L = 50pF 

R l = 5000 

m 

- 

2.5 

- 

2.5 

- 

2.5 

- 


»H 

Data to LE Hold Time 

m 

- 

3 

- 

2.5 

- 

2.5 

- 


*PLH 

(IDT54/74FCT842, 44, 46) 
tpHL 

Data (Di ) to Output (Yi ) 

(LE = HIGH) 

C L = 50pF 

R l = 5000 

- 

10 

- 

12 

■ 

8.0 

- 

9.0 

ns 

tpLH 

tpHL 

C L = 300pF (3 > 
R l = 5000 

- 

13 

- 

15 

m 

13 

- 

15 

ns 

l su 

Data to LE Set-up Time 

C L = 50pF 

R l = 5000 

m 

- 

2.5 

- 

2.5 

- 

2.5 

- 


*H 

Data to LE Hold Time 

m 

- 

3 

- 

2.5 

- 

2.5 

- 


l PLH 

tpHL 

Latch Enable (LE) to Y, 

C L = 50pF 

R l = 5000 

- 

12 

- 

16 

- 

8.0 

- 

10.5 

ns 

*PLH 

*PHL 

C L = 300pF< 3 ) 
R l = 5000 

- 

16 

- 

20 

- 

15.5 

- 

18 

ns 

l PLH 

Propagation Delay. Preset to Y, 

C L = 50pF 

R l = 5000 

- 

ra 

- 

■a 

- 

8.0 

- 

10 


tsU 

Preset Recovery (PRE _JT~ ) Time 

- 

mm 

- 

EB 

- 

mm 

- 

mm 

EB 

l PHL 

Propagation Delay. Clear to Yj 

- 

o 

- 

o 

- 

10 

- 

m 

S9I 

l su 

Clear Recovery (CLR ) Time 

- 

El 

- 

mm 

- 

mm 

- 

B3 


tpWH 

LE Pulse Width 

HIGH 

C L = 50pF 

R l = 5000 

6 

- 

6 

~ 

4 

- 

4 

- 

EB, 

Wl 

Preset Pulse Width 

LOW 

8 

- 

9 

- 

4 

- 

4 

- 

■ 

*PWL 

Clear Pulse Width 

LOW 

8 

- 

9 

- 

4 

- 

4 

- 


tpZH 

tpZL 

Output Enable Time OE 

1_ toY i 

C L = 50pF 

R l = 5000 

- 

14 

- 

15 

- 

8 

- 

8.5 

ns 

Wh 

l PZL 

C L = 300pF< 3 > 
R l = 5000 

- 

23 

- 

25 

- 

14 

- 

15 

ns 

*PHZ 

l PLZ 

Output Disable Time OE 

_r toY, 

C L = 5pF O) 
R l = 5000 

- 

9 

- 

10 

- 

6 

- 

6.5 

ns 

*PHZ 

tpLZ 

Cl = 50pF 

R l = 5000 

- 

12 

- 

12 

- 

7.0 

- 

m 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. This parameter guaranteed but not tested. 
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IDT54/74FCT841A/B-46A/B HIGH-PERFORMANCE 
CMOS BUS INTERFACE LATCHES 
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HOI 


Integrated Device Technology. Inc. 


HIGH-PERFORMANCE 

IDT54/74FCT861 A/B 

CMOS BUS 

IDT54/74FCT864A/B 

TRANSCEIVERS 

(Replaces 39C861-64) 


FEATURES: 

• Equivalent to AMD’s Am29861-64 bipolar registers in pinout/ 
function, speeds and output drive over full temperature and 
voltage supply extremes 

• High-speed symmetrical bidirectional transceivers 

— Non-inverting tpo = 5.5ns typ. 

- Inverting tpD = 6.0ns typ. 

• | 0L = 48mA (commercial), and 32mA (military) 

• Clamp diodes on all inputs for ringing suppression 

• CMOS power levels (5pW typ. static) 

• TTL input and output level compatible 

• CMOS output level compatible 

• Substantially lower input current levels than AMD’s bipolar 
Am29800 Series (5pA max.) 

• Product available in Radiation Tolerant and Enhanced versions 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54/74 F CT800 Series is built using advanced 
CEMOS™ , a dual metal CMOS technology. 

The IDT54/74FCT860 Series bus transceivers provide high- 
performance bus interface buffering for wide data/address paths 
or buses carrying parity. The IDT54/74FCT863/64 9-bit transceiv- 
ers have NOR-ed output enables for maximum control flexibility. 

All of the I DT54/74 F CT 800 high-performance interface family 
are designed for high-capacitance load drive capability while pro- 
viding low-capacitance bus loading at both inputs and outputs. All 
inputs have clamp diodes and all outputs are designed for low-ca- 
pacitance bus loading in the high impedance state. 


FUNCTIONAL BLOCK DIAGRAM 

IDT54/74FCT861/IDT54/74FCT862 10-BIT TRANSCEIVERS 


T 0 T, T 2 T 3 T 4 T 5 T 6 T 7 T b 



R 0 R, R 2 R 3 R 4 R 5 R 6 R 7 r s r 9 GET 


PRODUCT SELECTOR GUIDE 



DEVICE 

10-BIT 

9-BIT 

Non-inverting 

IDT54/74FCT861 

IDT54/74FCT863 

Inverting 

IDT54/74FCT862 

IDT54/74FCT864 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMER CIAL TEMPERATURE RANGES DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. 
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IDT54/74FCT861A/B-64A/B HIGH-PERFORMANCE 
CMOS BUS TRANSCEIVERS 


FUNCTIONAL BLOCK DIAGRAM 

IDT54/74FCT863/IDT54/74FCT864 9-BIT TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


C5ER, UER 2 


— 1 


PIN CONFIGURATIONS 

IDT54/74FCT861/IDT54/74FCT862 10-BIT TRANSCEIVERS 


LOGIC SYMBOLS 
IDT54/74FCT861 


5 P24-1 , 20 

6 D24-1, 19 

r E2 £-1 ,8 

a S024-2 17 


23 [II T 4 
22 [II NC 
21 t-I T 5 
20 t:i t 6 

19 [II T 7 



12 13 14 15 16 17 18 


I 




D1P/CERPACK/SOIC 
TOP VIEW 


TOPWEW 


IDT54/74FCT863/IDT54/74FCT864 9-BIT TRANSCEIVERS 


IDT54/74FCT863 


OER, □ i 
Rn r 2 


- oP O 8 ^ ^ 
cc cc lO z > I- I- 


5 P24-1 , 20 

6 D24-1, 19 

E24-1 

7 & 18 

8 S024-2 17 


V J-p 


TJTTTj > 

4 

3 2 U 

28 27 26 

F 5 

1 

25 [IT 

F 6 


24 [II 

F 7 


23 [II 

b e 

L28-1 

22 [II 

F 9 


21 [II 

b io 


20 [II 

F 11 


19 [II 

12 

13 14 15 

16 17 18 


CL 

w Q Q 

5| z 

5 6 H 



I 


DIP/CERPACK/SOIC 

IO W 

TOP VIEW 

LCC 


TOP VIEW 
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IDT54/74FCT861A/B-64A/B HIGH-PERFORMANCE 
CMOS BUS TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN DESCRIPTION 


NAME 

I/O 

DESCRIPTION 

IDT54/74FCT861/62 

UER 

1 

When LOW in conjunction with O E T , HIGH activates 
the RECEIVE mode. 

SET 

1 

When LOW in conjunction with OER, HIGH activates 
the TRANSMIT mode. 

Ri 

I/O 

10-bit RECEIVE input/output. 

T, 

I/O 

10-bit TRANSMIT input/output. 

1 DT 54/74 FCT863/64 

OER, 

1 

When LOW in conjunction with OET, , HIGH 
activates the RECEIVE mode. 

OETj 

1 

When LOW in conjunction with OER| , HIGH 
activates the TRANSMIT mode. 

Ri 

I/O 

9-bit RECEIVE input/output. 

T, 

I/O 

9-bit TRANSMIT input/output. 


FUNCTION TABLES™ 
IDT54/74FCT861/63 (Non-inverting) 


INPUTS 

OUTPUTS 

FUNCTION 

OET 

Mm*:! 

R. 

T, 

EH 

T, 

L 

H 

L 

N/A 

N/A 

L 

Transmitting 

L 

H 

H 

N/A 

N/A 

H 

Transmitting 

H 

L 

N/A 

L 

■■ 

N/A 

Receiving 

H 

L 

N/A 

H 

H 

N/A 

Receiving 

H 

H 

X 

X 

Z 

Z 

High Z 


NOTE: 

1. H = HIGH. L = LOW. Z = High Impedance, X = Don't Care, N/A = Not 
Applicable 


FUNCTION TABLES ™ 
IDT54/74FCT862/64 (Inverting) 


INPUTS 

OUTPUTS 

FUNCTION 

OET 

fc»T=4ii 


T, 

EH 

T, 

L 

H 

L 

N/A 

N/A 

H 

Transmitting 

L 

H 

H 

N/A 

N/A 

L 

Transmitting 

H 

L 

N/A 

L 

H 

N/A 

Receiving 

H 

L 

N/A 

H 

L 

N/A 

Receiving 

H 

H 

X 

X 

Z 

Z 

High Z 


NOTE: 

1. H = HIGH, L= LOW, Z = High Impedance, X = Don't Care, N/A = Not 
Applicable 
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IDT54/74FCT861A/B-64A/B HIGH-PERFORMANCE 
CMOS BUS TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 

Tqias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

0.5 

W 

*out 

DC Output Current 

100 

100 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

v, N =0V 

6 

10 

PF 

C l/0 

I/O Capacitance 

^OUT = 0V 

8 

12 

PF 


NOTE: 


1 . This parameter is guaranteed by characterization data and not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

V LC = 0.2V; V HC = V cc - 0.2V 

Commercial: T a = 0°Cto + 70°C;\£. c = 5.0V±5% 

Military: T a = -55°Cto +125°C;V cc = 5.0V±10% 


10 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

4. This parameter is guaranteed but not tested. 


SYMBOL 

PARAMETER 

TEST CONDITIONS C*) 

MIN. 

TYP.* 2 ) 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 


M =v cc 

- 

- 

5 


•lH 

(Except I/O pins) 

Mac — Max., 

V| = 2.7V 

- 

r 

5 * 4 ) 

pA 


Input LOW Current 
(Except I/O pins) 

V, = 0.5V 

- 

- 

—5 * 4 ) 

ML 


V) = GND 

- 

- 

-5 



Input HIGH Current 
(I/O pins only) 


«c 

11 

0 

- 

- 

15 


•lH 

Msc = Max., 

VI = 2.7V 

- 

- 

15* 4 > 

PA 


Input LOW Current 

M = 0.5V 

- 


-15* 4 > 

•lL 

(I/O pins only) 


V, = GND 

- 

- 

-15 


Mk 

Clamp Diode Voltage 

v cc = Min - *n = “18mA 

- 

-0.7 

-1.2 

V 

*os 

Short Circuit Current 

V cc = Max.* 3 *, V 0 = GND 

-75 

-120 

- 

mA 



Vcc = 3V, V IN = V LC or V HC . I 0H = -32 pA 

V HC 

o< 

0 

- 



Output HIGH Voltage 

V cc = Min - 
V|N = V| H or V| L 

l 0H — -300pA 

Vhc 

Vcc 

- 



l 0H = -15mA MIL. 

2.4 

4.3 

- 




I 0H = -24mA COM’L. 

2.4 

4.3 

- 




Vcc - 3V, V| N - V LC orV HC , Iql- 300pA 

- 

GND 

Vlc 



Output LOW Voltage 

V cc = Min. 

Mn = V iH or V| L 

Iql = 300pA 

- 

GND 

Vlc 


V OL 

Iol = 32mA MIL 

- 

0.3 

0.5 




bL = 48mA COM’L. 

- 

0.3 

0.5 



Input Hysteresis on T, and R , Only 


- 

200 

- 

mV 
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IDT54/74FCT861A/B-64A/B HIGH-PERFORMANCE 

CMOS BUS TRANSCEIVERS MILITARY AND COMMERCIAL TEMPERATURE RANGES 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V C c = Max. 

v in S v hc ; Mn S M.C 

f. = o 

■ 

0.001 

1.5 

mA 

> 

o 

o 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

i 

(4) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

OE = GND 

T/R = GNDor\fc c 

One Input Toggling 

50% Duty Cycle 

V|N > V HC 

Vin < M.C 

1 

0.15 

0.25 

mA/ 

MHz 


Total Power Supply Current* 61 

V cc = Max. 

Outputs Open 
fi = 10MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 

Vin > V HC 

V|N < V LC 
(FCT) 

■ 

1.5 

4.0 

mA 

V IN = 3.4V or 

V| N = GND 

■ 

1.8 

5.0 

V cc = Max. 

Outputs Open 
f, = 2.5MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 

V|N > V HC 

V,N < V LC 
(FCT) 

■ 

3.0 

6.5< 5 > 


■ 

5.0 

14.5 (5) 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

5. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 

6 - 'c = 'quiescent + 'inputs + 'dynamic 

'c = 'cc + A'cc Dh^t + 'cco (^cp/2 + f| N| ) 
l cc = Quiescent Current 

A'cc = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

I CCD = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f ( = Input Frequency 
N| = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 
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IDT54/74FCT861A/B-64A/B HIGH-PERFORMANCE 
CMOS BUS TRANSCEIVERS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


PARAMETER 

DESCRIPTION 

TEST 0) 

CONDITIONS 

IDT54/74 FCT861 A-64A 

IDT54/74FCT861 B-64B 

UNIT 

COM’L. 

MIL. 

COM’L 

MIL 




IMI 





l PLH 

tpHL 

Propagation Delay from 

Ri to T| or 1] to R| 

1 DT54/74FCT86 1 /1DT54/74FCT863 
(Non-inverting) 

C L = 50pF 

R L = 5000 

- 

8 

- 

10 

- 

6.0 

- 

6.5 

ns 

tpLH 

tpHL 

C L = 300pF< 3 > 
R l = 5000 

- 

15 

- 

17 

- 

13 

- 

14 

ns 

l PLH 

tpHL 

Propagation Delay from 

Ri to T| orT) to R| 

IDT54/74FCT862/IDT54/74FCT864 

(Inverting) 

C, = 50pF 

R L = 5000 

- 

m 

- 

9.5 

- 

5.5 

- 

6.5 

ns 

*PLH 

tpHL 

C L = 300pFl 3 > 
R l = 5000 

- 

14 

- 

16 

- 

13 

- 

14 

ns 

tpZH 

tpZL 

Output Enable Time OET to 

T| or OER to R | 

C L = 50pF 

R l = 5000 

- 

15 

- 

17 

- 

8.0 

- 

9.0 

ns 

l PZH 

tpZL 

C L = 300pF (3 > 
R, = 5000 

- 

20 

- 

22 

- 

15 

- 

16 

ns 

tpHZ 

tpLZ 

Output Disable Time OET to 

T| or OER to R| 

C L = 5pF< 3 > 

R l = 5000 

- 

9 

- 

10 

- 

6 

- 

7 

ns 

tpHZ 

tpLZ 

C L = 50pF 

R u = 5000 

- 

17 

- 

19 

- 

7.0 

- 

8.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. This parameter guaranteed but not tested. 


ORDERING INFORMATION 


xxxx 


X 


IPTXXFCT 

Temp. Range Device Type Package 


Process 


Blank 

B 


P 

D 

E 

SO 

L 

861 

862 

863 

864 

54 

74 


Commercial 
MIL-STD-883, Class B 


Plastic DIP 
CERDIP 
CERPACK 
Small Outline 1C 
Leadless Chip Carrier 

10-Bit Non-Inverting Transceiver 
10-Bit Inverting Transceiver 
9-Bit Non-Inverting Transceiver 
9-Bit Inverting Transceiver 

-55° C to + 125°C 

0°C to +70°C 
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IDT54AHCT138 



HIGH-SPEED CMOS 
1-OF-8 DECODER 


FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 11ns typical address to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• 1-of-8 decoder with enables 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT138 are 1-of-8 decoders built using advanced 
CEMOS™, a dual metal CMOS technology. The IDT54AHCT138 
accepts three binary weighted inputs (Ao, Ai, A 2 ) and, when en- 
abled, provides eight mutually exclusive active LOW outputs 
(Oo -Or). The IDT54AHCT138 features three enable inputs, two ac- 
tive LOW (Ei a E 2 ) and one active HIGH (E3). All outputs will be 
HIGH unless Ei and E 2 are LOW and E3 is HIGH. This multiple en- 
able function allows easy parallel expansion of the device to a 
1-of-32 (5 lines to 32 lines) decoder with just four IDT54AHCT138 
devices and one inverter. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 



DIP/CERPACK 
TOP VIEW 



LCC 

TOP VIEW 



CEMOS is a trademark of Integrated Device Technology, Inc. 

DECEMBER 1987 


MILITARY TEMPERATURE RANGE 

© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT138 HIGH-SPEED 
CMOS 1-OF-8 DECODER 


MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 


v term 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

T a 

Operating Temperature 

-55 to +125 

■a 

Trias 

Temperature Under Bias 

-65 to +135 

°c 

t stg 

Storage Temperature 

-65 to +150 

°c 

Pr 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T A = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 




C IN 

Input Capacitance 

v IN =ov 

1 6 

as 

PF 

C OUT 

Output Capacitance 

Vout = 0V 

' 8 

wm 

wm 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55° C to + 125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
V H c = Vsc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 > 

MAX. 

UNIT 

Xh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

■a, 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

n 

l|H 

Input HIGH Current 

Vcc Max..V| N = V c c 

- 

- 

5.0 

pA 

IlL 

Input LOW Current 

V cc = Max.,V| N = GND 

- 

- 

-5.0 

pA 

•sc 

Short Circuit Current 

V cc = Max.* 3 ) 

-60 

-100 

-■ 

rrA 

V OH 

Output HIGH Voltage 

Vcc = 3V, Vn = V L c or MHC- *oh = -32 pA 

Vhc. 

KM 

- 

rrA 

>■ 

il 

ii n 

>3>- 

•oh = -150uA 

MM 

o< 

o 

— 

V 

l 0H = -1.0mA 

mm 

4.3 

- 

V OL 

Output LOW Voltage 

Vcc = 3V, Vn = Vlc or Vhc, lou = 300 pA 

- 

GND 

MBB 

V 

V cc = Min. 

Vn = Vh or V IL 

•ol = 300pA 

~ 


'mm 

l 0L - 14mA 

- 


KU 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 




































































IDT54AHCT138 HIGH-SPEED 
CMOS 1-OF-8 DECODER 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V uc = 0.2 V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

TYP. (2) 

MAX. 

UNIT 

a 

Quiescent Power Supply Current 

V cc = Max. 

V IN > V HC '■ V IN < V LC 

f, = 0 

■ 

0.001 

1.5 

mA 

IcCT 

Power Supply Current 

TTL Inputs HIGH 

V cc = Max. 

V, N = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

bco 

(5) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

V IN 5: V HC 

V|N < V LC 

■ 

0.15 

0.3 

mA/ 

MHz 



V cc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

One Input Toggling 

^N > V HC 

Mn < V LC 
(AHCT) 

■ 

0.15 

1.8 


Icc 

Total Power Supply Current 

V IN = 3.4V 
or V| N = GND 

■ 

0.4 

2.8 


V cc = Max. 

Outputs Open 
f, = 250kHz 

V, N > V hc (6) 

V,n < V LC 
(AHCT) 

1 

0.23 

2.0 

mA 



50% Duty Cycle 

Six Inputs Toggling 

V JN = 3.4V or < 6 > 

V 1N = GND 

■ 

1.7 

8.0 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c - 5 .0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4. Ice = I QUIESCENT + * INPUTS + • DYNAMIC 

Icc = *CCO + *CCT Dh Nt + I ccD ffcP^2 + f| N i) 

I C cq = Quiescent Current 

Icct = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT138 HIGH-SPEED 
CMOS 1-OF-8 DECODER 


DEFINITION OF FUNCTIONAL TERMS 


MILITARY TEMPERATURE RANGE 


PIN NAMES 

DESCRIPTION 

A 0 - A 2 

m 2 

e 3 

o 0 -o 7 

Address Inputs 

Enable Inputs (Active LOW) 

Enable Input (Active HIGH) 

Outputs (Active LOW) 




SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 


Propagation Delay 

msm 

A n to O n 

n— ■! 

*PLH 

Propagation Delay 

tpHL 

E 3 to O n 

NOTES: 


CONDITION 01 

TYP. 

MIN. (2) 

MAX. 

UNIT 


11.0 

1.5 

27.0 

ns 

C L = 50pF 

R l = 5000 

13.0 

1.5 

20.0 

ns 


13.0 

1.5 

20.0 

ns 


1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT XXXX 

Temp. Range Device Type 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

1-of-8 Decoder 

-55° C to +125°C 













































FEATURES: 

• Equivalent to ALS speeds and output drive over ful I temperature 
and voltage supply extremes 

• 9ns typical address to output delay 

• loi = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• Dual 1-of-4 decoder with enable 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT139 are dual 1-of-4 decoders built using ad- 
vanced CEMOS ™ , a dual metal CMOS technology. The device 
has two independent decoders, each of which accept two binary 
weighted inputs (Ao -A_t) and provide four mutually exclusive ac- 
tive LOW outputs (Oo -0 3 ). Each decoder has an active LOW en- 
able (E). When E is HIGH, all outputs are forced HIGH. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 
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TOP VIEW 
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CEMOS is trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


© 1987 Integrated Device Technology, Inc. 


DECEMBER 1987 


DSC-4039/- 





IDT54AHCT139 HIGH-SPEED 
CMOS DUAL 1-OF-4 DECODERS 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

ITTTfTE 

V TERM 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°c 

Tbias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

taut 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (T a = +25°c,f = i.omhz) 


SYMBOL 

PARAMETER 

| CONDITIONS 




Qn 

Input Capacitance 

— ■ 

6 

10 

19 

CoUT 

Output Capacitance 

1 V OUT = ov 1 

8 

wm 

■a 


NOTE: 


1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55°Cto +125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
Vhc = Vcc " 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

TYP.< 1 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V ,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

■ii 

IlH 

Input HIGH Current 

Vsc = Max.,V| N = V cc 

- 

- 

5.0 

pA 

III 

Input LOW Current 

V cc = Max.,V, N = GND 

- 

- 

-5.0 

pA 

lsc 

Input Short Circuit Current 

V cc = Max.* 3 ) 

-60 

-100 

- 

rM 

Mdh 

Output HIGH Voltage 

Vcc = 3V, V| N = V LC orV HC , lo H = -32 pA 

Vhc 

1^9 

- 

rrA 

V cc = Min - 
V|N = V| H or V,L 

Ioh = -150uA 

— 

19 

_ 

Di 

l 0H = -1.0mA 

2.4 

4.3 

- 

Vql 

Output LOW Voltage 

Vcc = 3V, Vin = Vlc or Vhc. Iol= 300 pA 

- 

GND 

Vlc 

V 

V cc = Min. 

Vin = V| H or V 1L 

'ol = 300pA 

- 


warn 

Iql = 14mA 

- 


0.4 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 




































































IDT54AHCT139 HIGH-SPEED 
CMOS DUAL 1-OF-4 DECODERS 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS m 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc — Max. 

V|N 5 V HC 1 Mn £ M_c 
f. = 0 

■ 

0.001 

1.5 

mA 

•cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V )N = 3.4V<3> 

- 

0.5 

2.0 

mA 

H 

(5) 

Dynamic Power Supply Current 

Vcc = Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

O O 
> x > 

Al VI 

> S > S 

■ 

0.15 

0.3 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
fi = 1.0MHz 

50% Duty Cycle 

One Input Toggling 

V IN > V HC 

^N < V LC 
(AHCT) 

■ 

0.15 

1.8 


•cc 

Total Power Supply Current ' ' 

V, N = 3.4V 

V IN = GND 

■ 

0.4 

2.8 


Vcc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

V,n > V HC < 6) 

V,N < V LC 

(AHCT) 

1 

0.3 

2.1 

mA 



One Input Toggling 
on Each Decoder 

V IN = 3.4V (6) 

V IN = GND 

1 

0.8 

4.0 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V )N = 3.4V); all other inputs at V cc or GND. 

4 - •cc = •quiescent + •inputs + •dynamic 

•cc = ^000 + IcCT D H ^T + ^00 (fcp/2 + f| N i) 

•ccq = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd - Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT139 HIGH-SPEED 

CMOS DUAL 1-0F-4 DECODERS MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

A 0 , A, 

Address Inputs 

E 

Enable Inputs (Active LOW) 

O 0 -O 3 

Outputs (Active LOW) 


TRUTH TABLE 


INPUTS 

OUTPUTS 

E 

A 0 

Ai 

O 0 

61 

o 2 

O 3 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
Z = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

TYP. 

MIN.< 2 > 

MAX. 

UNIT 

jpLH 

*PHL 

Propagation Delay 

A 0 or A, to 0 n 

C L = 50pF 

9.0 

1.5 

25.0 

ns 

tpLH 

tpHL 

Propagation Delay 

EtoO n 

R l = 5000 

11.0 

1.5 

18.0 

ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT XXXX X 

Temp. Range Device Type Package 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Dual 1-of-4 Decoder 

-55° C to + 125°C 
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Integrated Device Technology. Inc. 


HIGH-SPEED CMOS 
SYNCHRONOUS 
PRESETTABLE 
BINARY COUNTERS 


IDT54AHCT 161/163 


FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54AH CT161/163 are high-speed synchronous 
modulo- 16 binary counters built using advanced CEMOS™, a 
dual metal CMOS technology. They are synchronously presettable 
for application in programmable dividers and have two types of 
Count Enable inputs plus a Terminal Count output for versatility in 
forming synchronous multi-stage counters. The 1DT54AHCT161 
have asynchronous Master Reset inputs that override all other in- 
puts and force the outputs LOW. The IDT54AHCT163 have syn- 
chronous Reset inputs that override counting and parallel load- 
ing and allow the outputs to be simultaneously reset on the rising 
edge of the clock. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology. Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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I DT54AHCT1 61/1 63 HIGH-SPEED CMOS 
SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARYTEMPERATURE RANGE 


PIN CONFIGURATIONS 



Vcc 

TC 

Oo 

°i 

0 2 

o 3 

CET 

FE 


DIP/CERPACK 
TOP VIEW 



Qo 

Qi 

NC 

0 2 

0 3 


LCC/PLCC 
TOP VIEW 


* MR for 161 

* SR for 163 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

Vterm 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°C 

t bias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

W 

'out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a - + 25 °c.f - i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C 1N 

Input Capacitance 

v 1N =ov 

6 

10 

pF 

^OUT 

Output Capacitance 

^OUT = OV 

8 

12 

PF 


NOTE: 

1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Ta = -55°C to + 125°C 
\c= 5.0V ± 10% 
v lc = 0.2V 
V H c= Vcc - 0.2V 


SYMBOL 

PARAMETER 

| TEST CONDITIONS S 

MIN. 

TYP P 

MAX. 

UNIT 

V| H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Vl 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

■iH 

Input HIGH Current 

Vcc = Max., V iN = Vcc 

- 

- 

5 

pA 

l|L 

Input LOW Current 

V cc = Max.,V IN = GND 

- 

- 

m 

pA 

•sc 

Short Circuit Current 

V cc = Max.< 3 > 

-60 

-100 

- 

mA 


Output HIGH Voltage 

Vcc = 3V, V| N = V LC or V HC , Iqh = -32pA 

V HC 

— 

- 

B 


Iqh — -150pA 

Vhc 

Vcc 

- 

Iqh = -1.0mA 

mm 

mm 

- 

VOL 

Output LOW Voltage 

v cc = 3 V.V in = V LC or V HC , l 0L = 300pA 

- 

GND 

V LC 



Iq L = 300pA 

- 

GND 

to 

l 0L = 14mA 

- 

- 

0.4 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 


















































IDT54AHCT161/163 HIGH-SPEED CMOS 
SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS (IDT54AHCT161) v LC = o. 2 v : v HC = v cc -o. 2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP. (2) 

MAX. 

UNIT 

•CCQ 

Quiescent Power Supply Current 

Vcc = Max. 

V1n > V H cl M n < V L0 

f CP = f, = 0 

■ 

0.001 

1.5 

mA 

•cCT 

Power Supply Current per TTL 
Inputs HIGH 

V cc = Max. 

V, N = 3.4V* 41 


0.5 

2.0 

mA 

1 

Dynamic Power Supply Current* 51 

V cc = Max. 

Outputs Open 

Count Mode 

CEP = CET = MR = 

PE =V HC 

P 0-3 = V L C 

CP 

V|N S V HC 

V,N < V LC (AHCT) 

1 

0.2 

0.3 

m A/M Hz 

1 

Total Power Supply Current* 41 

V cc = Max. 

Outputs Open 
f CP = 10MHz, 

50% Duty Cycle 

Count Mode 

CEP = CET = MR = 
PE =V HC 

Pq-3 = Vlc 

1 

X 

< 

2 a 
> ? 

Al VI 

O S> CT 


1.0 

3.0 

mA 

CP 

V| N = 3.4V or 

V IN = GND* 61 

- 

1.3 

4.0 


POWER SUPPLY CHARACTERISTICS (IDT54AHCT163) v LC = 0,2V; v HC = v cc -Q- 2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

Vcc = Max. 

Vin > V HC ; V tN <V LC 
f CP = = 0 

■ 

0.001 

1.5 

mA 

*CCT 

Power Supply Current per TTL 

Inputs HIGH 

V cc = Max. 

V (N = 3.4V* 41 

- 

0.5 

2.0 

mA 

1 

Dynamic Power Supply Current * 5) 

V C c = Max. 

Outputs Open 

Count Mode 

CEP = CET = SR = 

PE =V HC 

P 0-3 = V lc 

P 

O 

X 

< 

¥ 3 
:> 

Al VI 
p. z z 

o> > 

- 

0.2 

0.3 

mA/MHz 

1 

Total Power Supply Current * 4) 

Vcc = Max. 

Outputs Open 
f C p= 1.0MHz, 

50% Duty Cycle 

Count Mode 

CEP = CET = SR = 

PE =V HC 

Pq-3 = Vlc 

CP 

V|N 5 V hc 

V,N < V LC (AHCT)* 61 

■ 

1.0 

3.0 

mA 

CP 

V, N = 3.4V or< 6) 

V IN = GND 

■ 

1.3 

4.0 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4 - 'cc = •quiescent + Inputs + Idynamic 

•cc = i ccq + i cct D h N t + I C cd (f C p/2 + f 1 N ) ) 
l cco = Quiescent Current 

Icct = Power Supply Current for a TTL High Input (V !N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT161/163 HIGH-SPEED CMOS 
SYNCHRONOUS PRESETTABLE BINARY COUNTERS 


MILITARYTEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION* 1 * 

TYP. 

MIN.* 2 * 

MAX. 

UNIT 

jpLH . 
‘PHL 

Propagation Delay 

CP to Q n (PE Input HIGH) 


12.0 

2.0 

20.0 

ns 

*PLH 

tpHL 

Propagation Delay 

CP to Q n (PE Input LOW) 


12.0 

2.0 

20.0 

ns 

tpLH 

*PHL 

Propagation Delay 

CP to TC 


18.0 

2.0 

30.0 

ns 

jpHL 

rHL 

Propagation Delay 

CET to TC 


10.0 

1.5 

16.0 

ns 

l PHL 

Propagation Delay 
fvTR to Q n ( 161 ) 


10.0 

2.0 

27.0 

ns 

'PHL 

Propagation Delay 

MR to TC 

• 

10.0 

2.0 

31.0 

ns 

t S (H) 
ts (L) 

Set-up Time. HIGH or LOW 

P n to CP 


- 

20.0 

- 

ns 

*h(H) 

»h(L) 

Hold Time. HIGH or LOW 

P n to CP 

C L = 50pF 
R l = 5000 

- 

0 

- 

ns 

t S (H) 

t S (L) 

Set-up Time, HIGH or LOW 

PE or SR to CP 


- 

20.0 

- 

ns 

t H (H) 
t H (L) 

Set-up Time. HIGH or LOW 

PE or SR to CP 


- 

0 

- 

ns 

ts(H) 

t S (L) 

Set-up Time. HIGH or LOW 

CEP or CET to CP 


- 

25.0 

- 

ns 

t H <H) 
t H (L) 

Set-up Time, HIGH or LOW 

CEP to CET to CP 


- 

0 

- 

ns 

t w (H) 

t w (L) 

Clock Pulse Width (Load) 

HIGH or LOW 


- 

20.0 

- 

ns 

tw(H) 

tw(L) 

Clock Pulse Width (Count) 

HIGH or LOW 


- 

20.0 

- 

ns 

t w (L) 

¥r Pulse Width, LOW 
(161) 


- 

20.0 

- 

ns 

*REC 

Recovery Time 

MR to CP (161) 


- 

20.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


PIN NAMES 

DESCRIPTION 

CEP 

CET 

CP 

MR ('161) 

SR (’163) 

P 0-3 

RE 

C*0-3 

TC 

Count Enable Parallel Input 

Count Enable Trickle Input 

Clock Pulse Input (Active Rising Edge) 

Asynchronous Master Reset Input (Active LOW) 
Synchronous Reset Input (Active LOW) 

Parallel Data Inputs 

Parallel Enable Input (Active LOW) 

Flip-Flop Outputs 

Terminal Count Output 


TRUTH TABLE 


SR* 1 * 

PE 

CET 

CEP 

ACTION ON THE RISING 
CLOCK EDGE (_T) 

L 

mm 

mm 

mm 

Reset (Clear) 

H 


IBS 

■X 

Load (P n — *• Q n ) 

H 

H 

mm 

WM 

Count (Increment) 

H 

H 



No Change (Hold) 

H 

H 


■■ 

No Change (Hold) 


NOTES: 

1. For AHCT163 only 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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IDT54AHCT161/163 HIGH-SPEED CMOS 

SYNCHRONOUS PRESETTABLE BINARY COUNTERS MILITARY TEMPERATURE RANGE 


ORDERING INFORMATION 


IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Synchronous Presettable Binary Counter 
with Asynchronous Master Reset 
Synchronous Presettable Binary Counter 
with Synchronous Reset 

-55 °C to +125°C 
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1 

11 

HIGH-SPEED CMOS IDT54AHCT182 

% 

Integrated Dev 

w 

/ice Technology. Inc. 

CARRY LOOKAHEAD 

GENERATOR 


FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 8ns typical propagation delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Carry lookahead generator 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT182 is a lookahead generator built using ad- 
vanced CEMOS™, a dual metal CMOS technology. The 
IDT54AHCT182 is generally used with a 4-bit arithmetic logic unit 
to provide high-speed lookahead over word lengths of more than 
four bits. 


PIN CONFIGURATIONS 



DIP/CERPACK 
TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 



TOPV?EW 


C n <jq Fq P t S 2 P 2 G 3 P 3 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT182 HIGH-SPEED CMOS 

CARRY LOOKAHEAD GENERATOR MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 



Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

a 

T a 

Operating Temperature 

-55 to +125 

K3 

t bias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°C 

Pi 

Power Dissipation 

0.5 

w 

but 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 ° c. f = i.omhz) 


SYMBOL 

PARAMETER* 1 ' 

CONDITIONS 




C IN 

Input Capacitance 

v, N =ov 

6 

■a 

PF 

^OUT 

Output Capacitance 

Vqut = 0V 

8 

mm 

mm 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55° C to + 125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
Vpc = Mcc ~ 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (D 

MIN. 

TYP.<2> 

MAX. 

UNIT 

X 

> 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

mm 

\ 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 


'lH 

Input HIGH Current 

V cc = Max.,V|N = Vcc 

- 

- 

5.0 

pA 

'll 

Input LOW Current 

V cc = Max.,V| N = GND 

- 

- 

-5.0 

pA 

'sc 

Short Circuit Current 

V cc = Max. (3) 

-60 

-100 

- 

rrA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V !N = V LC or VHc> Iqh = -32 pA 

0 

1 
> 

o< 

O 

- 

rrA 

V cc = Min. 
v in = Vih or V| L 

•oh = -200uA 

MfM 

msm 


D 

Ioh = -12mA 


mm 

- 

Mdl 

Output LOW Voltage 

Vcc = 3V, Vin = M_c or Vhc, loi = 300 pA 

- 

GND 

MU 

V 

V cc = Min. 

Vn = Vh or V 1L 

Iol = 300pA 

- 



l 0L = 14mA 

- 


mm 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT182 HIGH-SPEED CMOS 

CARRY LOOKAHEAD GENERATOR MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. (2) 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc = Max. 

v,N > v hc : Vn < M.C 
f. = 0 

- 

0.001 

1.5 

mA 

!cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4V < 3 > 

- 

0.5 

2.0 

mA 

H 

(5) 

Dynamic Power Supply Current 

Vcc= Max. 

Outputs Open 

One Input Toggling 

50% Duty Cycle 

V|N > Mhc 
v in 5 M_c 

- 

0.15 

0.3 

mA/ 

MHz 

■ 

Total Power Supply Current l4> 

Vcc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

One Bit Toggling 

V IN ^ V HC f6) 

V,N < M.C 
(AHCT) 

■ 

0.15 

1.8 

mA 

■ 


■ 

0.4 

2.8 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4 - ( CC = I QUIESCENT + 1 INPUTS + 1 DYNAMIC 

( CC = ^CQ + ( CCT D h N t + l CCD (f C p/2 + f| N |) 

I C cq = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D h 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT182 HIGH-SPEED CMOS 
CARRY LOOKAHEAD GENERATOR 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

C n 

Carry Input 

§3. G 2 

Carry Generate Inputs (Active LOW) 

G, 

Carry Generate Input (Active LOW) 

Gj 

Carry Generate Input (Active LOW) 

Pq.Pi 

Carry Propagate Inputs (Active LOW) 

P 2 

Carry Propagate Input (Active LOW) 

P 3 

Carry Propagate Input (Active LOW) 

C n + x“Gn + 2 

Carry Outputs 

G 

Carry Generate Output (Active LOW) 

P 

Carry Propagate Output (Active LOW) 


TRUTH TABLE 


INPUTS 

OUTPUTS 


G 0 

Po 

Gi 

Pi 

g 2 

P 2 

g 3 

P 3 

Qi + x 

Qi + v 

Gn + 2 

G 

P 

X 

H 

H 







L 





L 

H 

X 







L 





X 

L 

X 







H 





H 

X 

L 







H 





X 

X 

X 

H 

H 






L 




X 

H 

H 

H 

X 






L 




L 

H 

X 

H 

X 






L 




X 

X 

X 

L 

X 






H 




X 

L 

X 

X 

L 






H 




H 

X 

L 

X 

L 






H 




X 

X 

X 

X 

X 

H 

H 





L 



X 

X 

X 

H 

H 

H 

X 





L 



X 

H 

H 

H 

X 

H 

X 





L 



L 

H 

X 

H 

X 

H 

X 





L 



X 

X 

X 

X 

X 

L 

X 





H 



X 

X 

X 

L 

X 

X 

L 





H 



X 

L 

X 

X 

L 

X 

L 





H 



H 

X 

L 

X 

L 

X 

L 





H 




X 


X 

X 

X 

X 

H 

H 




H 



X 


X 

X 

H 

H 

H 

X 




H 



X 


H 

H 

H 

X 

H 

X 




H 



H 


H 

X 

H 

X 

H 

X 




H 



X 


X 

X 

X 

X 

L 

X 




L 



X 


X 

X 

L 

X 

X 

L 




L 



X 


L 

X 

X 

L 

X 

L 




L 



L 


X 

L 

X 

L 

X 

L 




L 




H 


X 


X 


X 





H 



X 


H 


X 


X 





H 



X 


X 


H 


X 





H 



X 


X 


X 


H 





H 



L 


L 


L 


L 





L 


H = HIGH Voltage Level 


L = LOW Voltage Level 
X = Don't Care 
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IDT54AHCT182 HIGH-SPEED CMOS 

CARRY LOOKAHEAD GENERATOR MILITARY TEMPERATURE RANGE 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION <1) 

TYP. 

min.< 2 > 

MAX. 

UNIT 

JpLH 

*PHL 

Propagation Delay 

Cn to C n + x> C n + y, Q-, + z 


8.0 

- 

20.5 

ns 

*PLH 

tpHL 

Propagation Delay 

^ , R , , or R, , to 

C n + X . C n + y , C n + 2 


8.0 

- 

15.5 

ns 

'pLH 

tpHL 

Propagation Delay 

G 0 . G,. or G 2 , to 

C n + x. C n + y. C n + z 

C L = 50pF 

R l = 500Q 

8.0 

- 

15.5 

ns 

'pLH 

*PHL 

Propagation Delay 

Pt . P 2 , or P), to G 


9.0 

- 

20.5 

ns 

*PLH 

tpHL 

Propagation Delay 

6 n to S 


9.5 

- 

20.5 

ns 

*PLH 

*PHL 

Propagation Delay 

P n to P 


8.0 

- 

16.5 

ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 

IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 

MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Carry Lookahead Generator 
-55°C to + 125°C 









































FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT191 is a reversible modulo-16 binary counter, 
featuring synchronous counting and asynchronous presetting, 
built using advanced CEMOS ™, a dual metal CMOS technology. 

The preset feature allows the IDT54AHCT191 to be used in pro- 
grammable dividers. The Count Enable input, the Terminal Count 
output and the Ripple Clock output make possible a variety of 
methods of implementing multiusage counters. In the counting 
modes, state changes are initiated by the rising edge of the clock. 


FUNCTIONAL BLOCK DIAGRAM 

CP U/D P 0 UE P, P 2 P 3 Fl 



O 0 q, q 2 q 3 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT191 HIGH-SPEED CMOS 
UP/DOWN BINARY COUNTER 


MILITARY TEMPERATURE RANGE 


PIN CONFIGURATIONS 



DIP/CERPACK 
TOP VIEW 



ABSOLUTE MAXIMUM RATINGS (1) 2 3 


SYMBOL 

RATING 

VALUE 

UNIT 

V TERM 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°C 

Tbias 

Temperature Under Bias 

-65 to +135 

°c 

t stg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25°c,f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

> 

o 

II 

2 

> 

6 

10 

PF 

C OUT 

Output Capacitance 

I v 0UT= ov | 

8 

12 

PF 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


LCC 

TOP VIEW 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55 °C to + 125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
Vhc = Vsc _ 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS f) 

MIN. 

TYP.S 

MAX. 

UNIT 

V H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V IL 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

•iH 

Input HIGH Current 

Vcc Max.,V iN = V cc 

- 

- 

5.0 

pA 

•lL 

Input LOW Current 

V cc = Max.,V| N = GND 

- 

- 

-5.0 

pA 

•sc 

Short Circuit Current 

V cc = Max. S 

-60 

-100 

- 

rrA 

VcH 

Output HIGH Voltage 

Vcc = 3V, V| N = V L c or VhC' Ioh = -32 pA 

o 

X 

> 

o< 

O 

- 

rrA 

V cc = Min. 

Vn _ V| H or Vl 

•oh = -150uA 

— 

Vcc 

_ 

V 

l 0H = -1.0mA 

mm 

4.3 

- 

V OL 

Output LOW Voltage 

Vcc = 3V, Vin = Vlc or Vhc. Iol = 300 pA 

- 

GND 


■ 

V cc = Min. 

Vn ~ Vh or V IL 

•ol = 300pA 

- 


MBB 

l 0L = 14mA 

- 


0.4 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 





















































IDT54AHCT191 HIGH-SPEED CMOS 
UP/DOWN BINARY COUNTER 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Max. 

V IN i Mn 5 M_c 

f C p = f| = 0 

B 

0.001 

1.5 

mA 

'cCT 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V|n = 3.4V< 3 > 


- 

0.5 

2.0 

mA 

1 

(5) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

Count Up or Down 

CE = V LC 

P L = P o- p 3 = V HC 

U/D = V HC or V LC 

V IN ^ V HC 

^N < V LC 

- 

0.2 

0.3 

mA/ 

MHz 

B 

(4) 

Total Power Supply Current 

Vcc = Max. 

Outputs Open 
fcp = 1.0MHz 

50% Duty Cycle 

Count Up or Down 

CE = V LC 

PL = P 0 -P 3 = \fc c 

U/D = V HC or Vlc 

V|N > V HC < 6 > 

V 1N < V LC 

(AHCT) 

■ 

0.2 

1.7 

mA 

■ 


V, N = 3.4V or (6) 

V IN = GND 


0.3 

B 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4- 'cc = 'quiescent + 'inputs + 'dynamic 

'cc = ' CCQ + 'cCT D H Nt + 'cCD ('cP^ + f| N i) 
l CCQ = Quiescent Current 

'cct = Power Supply Current for a TTL High Input (V| N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f ( 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 


DEFINITION OF FUNCTIONAL TERMS 


NOTES: 

1 . TC is generated internally. 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


TRUTH TABLES 
MODE SELECT TABLE 


INPUTS 

MODE 

PL 

CE 

U/D 

CP 

n 

n 

L 

t 

Count Up 


i 

H 

t 

Count Down 

n 

X 

X 

X 

Preset (Asynch.) 


H 

X 

X 

No Change (Hold) 


PIN NAMES 

DESCRIPTION 

CE 

Count Enable Input (Active LOW) 

CP 

Count Pulse Input (Active Rising Edge) 

p 

*0-3 

Parallel Data Inputs 

PL 

Asynchronous Parallel Load Input (Active LOW) 

U/D 

Up/Down Count Control Input 

Co-3 

Flip-Flop Outputs 

RC 

Ripple Clock Output (Active LOW) 

TC 

Terminal Clock Output (Active HIGH) 


RC TRUTH TABLE 


CE 

TC W 

CP 

RC 

L 

H 

IT 

IT 

H 

X 

X 

H 

X 

L 

X 

H 
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IDT54AHCT191 HIGH-SPEED CMOS 
UP/DOWN BINARY COUNTER 


MILITARY TEMPERATURE RANGE 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

min. (2) 

MAX. 

UNIT 

*PLH 

tpHL 

Propagation Delay 

CP to Q n 

C L = 50pF 

R l = 5000 

- 

1.5 

22.0 

ns 

■SB 

Propagation Delay 

CP to TC 

- 

2.0 

34.0 

ns 

— 

Propagation Delay 

CP to RC 

- 

1.5 

24.0 

ns 

{ PHL 

Propagation Delay 
CEtoRC 

- 

2.0 

21.0 

ns 

IpLH 

*PHL 

Propagation Delay 

U/D to RC 

- 

4.0 

30.0 

ns 

*PLH 

*PHL 

Propagation Delay 

U/D to TC 

- 

3.0 

30.0 

ns 

*PIH 

l PHL 

Propagation Delay 

P n to Q n 

- 

1.5 

. - - - 

■ 

25.0 

ns 

HI 

Propagation Delay 
PLtoQ n 

- 

3.0 

.... 

34.0 

ns 

t S (H) 

t S (L) 

Set-up Time 

HIGH or LOW 

P n to PC 

- 

25.0 

- 

ns 

t H (H) 

‘h(U 


- 

1.5 

- 

ns 

ts (L) 

Set-up Time LOW 

UP to CP 

- 

25.0 

- 


t H (D 

Hold Time LOW 

CE to CP 


o 

- 


»s(H) 

ts{L) 

Set-up Time 

HIGH or LOW 

U/D to CP 

- 

20.0 

- 

ns 

*H (H) 
tn(L) 

Hold Time 

HIGH or LOW 

U/D to CP 

- 

0 

- 

ns 

♦w(L) 

PC Pulse Width LOW 

- 

25.0 

- 

ns 

tw(L) 

CP Pulse Width LOW 

” - _ 

20.0 

- 

ns 

l REC 

Recovery Time 

PC to CP 


20.0 

- 

ns 


NOTES: 


1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 
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ORDERING INFORMATION 


IDTXXAHCT 
Temp. Range 


XXXX 


Device Type Package 


Process 



D 

L 

E 

191 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Binary Up/Down Counter 


54 


-55 °C to + 125°C 












































































Integrated Device Technology. Inc. 


HIGH-SPEED 

IDT54AHCT193 

CMOS UP/DOWN 


BINARY COUNTER 



FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT193 is an up/down modulo-16 binary counter 
built using advanced CEMOS , a dual metal CMOS technology. 
Separate count-up and count-down clocks are used and, in either 
counting mode, the circuits operate synchronously. The outputs 
change state synchronously with the LOW-to-HIGH transitions on 
the clock inputs. Separate Terminal Count-up and Terminal Count- 
down outputs are provided that are used as the clocks for subse- 
quent stages without extra logic, thus simplifying multiusage 
counter designs. Individual preset inputs allow the circuit, to be 
used as a programmable counter. Both the Parallel Load (PL) and 
the Master Reset (MR) inputs asynchronously override the clocks. 


FUNCTIONAL BLOCK DIAGRAM 


Po P 1 P2 P 3 




°1 


q 2 


q 3 


DECEMBER 1987 

10-220 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE 

© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT193 HIGH-SPEED 
CMOS UP/DOWN BINARY COUNTER 


MILITARY TEMPERATURE RANGE 


PIN CONFIGURATIONS 



Vcc 

Po 

MR 

TCq 

TC(j 

PE 

P 2 

P 3 


DIP/CERPACK 
TOP VIEW 



topv?ew 


ABSOLUTE MAXIMUM RATINGS (1> 


SYMBOL 

RATING 

VALUE 

UNIT 

Vterm 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°C 

Tbias 

Temperature Under Bias 

-65 to +135 

°C 

t stg 

Storage Temperature 

-65 to +150 

°C 

Pi 

Power Dissipation 

0.5 

W 

'out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c f = i.omhz) 


SYMBOL 

PARAMETER' 1 2 * 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C ,N 

Input Capacitance 

> 

o 

II 

z 

>“ 

6 

10 

pF 

C OUT 

Output Capacitance 

Vqut — 0V 

8 

12 

PF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55°Cto +125°C 
Vqq “ 5.0V + 10% 

V lc =0.2V 
Vhc= Vcc -°- 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

V 

•|H 

Input HIGH Current 

Vcc = Max., V|n = Vcc 

- 

- 

5 

pA 

'lL 

Input LOW Current 

V cc = Max., V IN = GND 

- 

- 

-5 

pA 

'sc 

Short Circuit Current 

V cc = Max.' 3 ' 

-60 

-100 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V IN = V LC or V HC , I 0 h = -32 pA 

Vhc 

v cc 

- 

V 

V cc = Min. 

Vi N = Vi H orV| L 

'oh = -150pA 

o 

X 

> 

Vcc 

- 

Iqh =-1.0mA 

2.4 

4.3 

- 

V 

Output LOW Voltage 

Vcc ~ 3V, V IN — V LC orV HC . 'ol — 300 pA 

- 

GND 

Vlc 

V 

V cc = Min. 

Vin ~ V| H or V| L 

'ol = 300pA 

- 

GND 

Vlc 

'ol = 14mA 

- 

- 

0.4 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc= 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 






IDT54AHCT193 HIGH-SPEED 

CMOS UP/DOWN BINARY COUNTER . MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

Vic = 0.2V; Vhc = Vcc - 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 11 ' 

MIN. 

TYP.' 2 ' 

MAX. 

UNIT 

■ 

Quiescent Power Supply Current 

Vqq = Msx. 

V IN 5 V HC 1 Mn < V LC 
fcPy = 'cPq = 'l = 0 

■ 

0.001 

1.5 

mA 

'cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V :N = 3.4V < 3 > 


- 

0.5 

2.0 

mA 

'ccd 

Dynamic Power Supply Current' 5 ' 

V cc = Max. 

Outputs Open 

Count Up or Down 

PL = Po'^3 = ^HC 

MR = V LC 

Mn > V HC 

Vn 5 v LC 

■ 

0.2 

0.3 

mA/ 

MHz 

1 

Total Power Supply Current' 4 ’ 

V cc = Max. 

Outputs Open 
fcp — 1.0MHz 

50% Duty Cycle 

Count Up or Down 
PL=P 0 -F$ =V HC 

MR = V LC 

V,N > V hc <6) 

Vin < V LC 
(AHCT) 

■ 

0.2 

1.7 

mA 

V IN = 3.4V or' 6 ' 

V IN = GND 

■ 

0.3 

D 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4' *cc = 'quiescent + 'inputs + 'dynamic 

'cc = 'cco + 'cCT Dh N t + l CCD (f C p/2 + f| N| ) 

'ccq = Quiescent Current 

I cct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

' ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT193 HIGH-SPEED 
CMOS UP/DOWN BINARY COUNTER 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

CPu 

Count Up Clock Input (Active Rising Edge) 

CP D 

Count Down Clock Input (Active Rising Edge) 

MR 

Asynchronous Master Reset Input (Active HIGH) 

PC 

Asynchronous Parallel Load Input (Active LOW) 

^0-3 

Parallel Data Inputs 

°0-3 

Flip-Flop Outputs 

tc d 

Terminal Count Down (Borrow) Output (Active LOW) 

TCu 

Terminal Count Up (Carry) Output (Active LOW) 


FUNCTION TABLE 



PE 

CPu 

CP D 

MODE 

■I 

mm 

X 

mm 

Reset (Asyn.) 


■9 

X 

urn 

Preset (Asyn.) 


H 

H 

H 

No Change 


H 

T 

H 

Count Up 

HU 

H 

H 

t 

Count Down 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

TYP. 

min. (2) 

MAX. 

UNIT 

*PLH 

tpHl 

Propagation Delay 

CP U or CPp 

TCu or TC d 

C L = 50pF 

R l = 5000 

- 

2.0 

19.0 

ns 

tpLH 

tpHL 

Propagation Delay 

CFJj or CP D to Q n 

- 

2.0 

20.0 

ns 

l PLH 

tpHL 

Propagation Delay 

Pn to Q n 

- 

2.0 

20.0 

ns 

tpLH 

tpHL 

Propagation Delay 

PC to O n 

- 

2.0 

31.0 

ns 

l PHL 

Propagation Delay 

MR to Q n 

- 

3.0 

31.0 

ns 

*PLH 

Propagation Delay 

MR to TCu 

- 

3.0 

31.0 

ns 

tpHL 

Propagation Delay 

MR to TC d 

- 

3.0 

31.0 

ns 

tpix 

tpHL 

Propagation Delay 
PCtoTCuOrTC D 

- 

3.0 

31.0 

ns 

tpLH 

tpHL 

Propagation Delay 

P n to Tc y or TC d 

- 

3.0 

20.0 

ns 

t s (H) 

t S (L) 

Set-up Time, 

HIGH or LOW 

P n to PC 

- 

25.0 

- 

ns 

»h(H) 

t H (L> 

Hold Time, 

HIGH or LOW 

P n to PC 

- 

1.5 

- 

ns 

t w (L) 

PC Pulse Width, 

LOW 

- 

25.0 

- 

ns 

tw(L) 

CPu or CP D 

Pulse Width, LOW 

- 

20.0 

- 

ns 

tw(L) 

CPu or CPq 

Pulse Width. LOW 
(Change of Direction) 

- 

20.0 

- 

ns 

t w (H) 

MR Pulse Width. 

HIGH 

- 

10.0 

- 

ns 

^REC 

HH2H9*'- - 

- 

20.0 

- 

ns 

^REC 

Recovery Time 

MR to CPu or CFJ-, 

- 

20.0 

- 

ns 



NOTES: 

1. See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 





























































































1DT54AHCT193 HIGH-SPEED 
CMOS UP/DOWN BINARY COUNTER 


ORDERING INFORMATION 


IDTXXAHCT XXXX X X 



MILITARY TEMPERATURE RANGE 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Up/Down Binary Counter 
-55° C to + 125°C 
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HinH-.QPFFn r.MOS 


IDT54AHCT240 



FEATURES: 

• Equivalent to ALS speeds and output drive over full temperature 
and voltage supply extremes 

• 7ns typical data to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal buffer/line driver with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT240 is an octal buffer/line driver built using ad- 
vanced CEMOS ™, a dual metal CMOS technology. The device is 
designed to be employed as a memory and address driver, clock 
driver and bus-oriented transmitter/receiver which provides im- 
proved board density. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 


oe a c 

DA 0 d : 
OBoC : 
DA( C • 

5B, C‘~ 
da 2 c f 
Sb 2 C ; 
da 3 c ( 

OB3 Q ! 
GND C 


17 

D20-1 16 
E20-1 15 


□ Vcc 

□ 5E b 

□ C5Ao 
DB 0 
OA, 
DB, 
OA 2 
db 2 

db 3 


DIP/CERPACK 
TOP VIEW 




CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT240 HIGH-SPEED 
CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (,) 


SYMBOL 

RATING 

VALUE 


V TERM 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

D 

Ta 

Operating Temperature 

-55 to +125 

mm 

Tbias 

Temperature Under Bias 

-65 to +135 

°c 

t stg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

'out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER' 1 ' 

CONDITIONS 



U55J 

C IN 

Input Capacitance 

V|N = ov 

6 

m 

PF 

^OUT 

Output Capacitance 

^OUT= ov 

8 

mm 

■a 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55° C to +125°C 
V cc = 5.0V ± 10% 

V LC = 0-2V 
V-ir. ~ Vcc ~0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ) 

MIN. 

TYP.' 2 ) 

MAX. 

UNIT 

Vrt 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 


Input HIGH Current 

Vsc = Max.,V|N = V cc 

- 

- 

5 

pA 

'lL 

Input LOW Current 

V cc = Max.,V IN = GND 

- 

- 

-5 

pA 

'oz 

Off State (High Impedance) 

Output Current 

Vcc = Max ’ 

v o “ Vsc 

- 

- 

10 

pA 

V 0 = GND 

- 

- 

-10 

'sc 

Short Circuit Current 

V cc = Max - (3) 

-60 

-100 

- 

mA 

■ 

Output HIGH Voltage 

Vsc = 3V, Vm = V_c or V HC . 'oh = - 32pA 

— 

Vsc 

- 

V 


'oh - - 150pA 

mm 


- 

l 0 H = -12mA 

KM 

HB 

- 

Vsc — 3V, Vn - V_c or V-ic ’ 'ol _ 300pA 

- 

GND 

v LC 

■ 

npii^i 

Output LOW Voltage 

V cc = Min. 

Vn = Vh or Vl 

Iol “ 300pA 

- 

GND 

ns 

'ol = 14mA 

- 

- 

0.4 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vsc - 5 ,0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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MILITARYTEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc - 5 .OV. +25°C ambient and maximum loading. 

3. Per 7TL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4- Icc = I QUIESCENT + I INPUTS + * DYNAMIC 

’cc = ^cco + *cct D h N t + l cc0 (fop/2 + fjN,) 

I CC q = Quiescent Current 

led = Power Supply Current for a TTL High Input (V (N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL inputs at D H 

I ccd = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of inputs at f | 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 



SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2> 

MAX. 

UNIT 

ICCQ 

Quiescent Power Supply Current 

= Max. 

v, N >v HC ;v IN < m. c 
f. = o 

- 

0.001 

1.5 

mA 

•cCT 

Quiescent Power Supply Current 
TTL Inputs HIGH 

v cc = Max. 

V, N = 3.4V<3> 

- 

0.5 

2.0 

mA 

!ccd 

(5) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

OE a = OEb = GND 

One Input Toggling 

50% Duty Cycle 

V|N 5 V HC 

Vn £ M_c 

- 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

OE a = OEb = GND 

One Bit Toggling 

Mn ^ V HC 

Mn S M.c 
(AHCT) 

- 

0.15 

1.8 



Ml 

Total Power Supply Current 

Vin = 3.4V 

V IN = GND 

- 

0.4 

2.8 

mA 

( CC 

Vcc = Max. ' 

Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE a = OEb = GND 

Eight Bits Toggling 

V, N > V HC (6) 

V|N < V LC 
(AHCT) 

' 

0.3 

2.0 



V IN = 3.4V (B) 

V, N = GND 

- 

2.3 

10.0 



IDT54AHCT240 HIGH-SPEED 
CMOS OCTAL BUFFER/LINE DRIVER 
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IDT54AHCT240 HIGH-SPEED 
CMOS OCTAL BUFFER/LINE DRIVER 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

oe a . 0 E b 

Dxx 

Oxx 

3-State Output Enable Input (Active LOW) 

Inputs 

Outputs 


TRUTH TABLE 


| INPUTS | 

OUTPUT 

SH a ,OE b 

D 

L 

L 

H 

L 

H 

L 

H 

X 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
z = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ' 

TYP. 

min. (2) 

MAX. 

UNIT 

jpLH 

*PHL 

Propagatioa Delay 
to O n 

C L = 50pF 

R l = 5000 

7.0 

1.5 

12.0 

ns 

t Z H 

»ZL 

Output Enable 

Time 

15.0 

1.5 

20.0 

ns 

<HZ 

*LZ 

Output Disable 

Time 

10.0 

1.5 

18.0 

ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT XXXX X X 


Temp. Range Device Type Package Process 

1 B MIL-STD-883. Class B 

D CERDIP 

L Leadless Chip Carrier 

E CERPACK 

1 240 Octal Buffer/Line Driver 

- 1 54 -55°C to + 125°C 
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FEATURES: 

• Equivalent to ALS speeds and output drive overfull temperature 
and voltage supply extremes 

• 7ns typical data to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal buffer/line driver with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT244 are octal buffer/line drivers built using ad- 
vanced CEMOS™, a dual metal CMOS technology. The devices 
are designed to be employed as memory and address drivers, 
clock drivers and bus-oriented transmitters/receivers which pro- 
vide improved board density. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 

oeTacF 

20 

□ V C c 


DA 0 [1 2 

19 

□ OEb 

...... r \ 

OB 0 Q 3 

18 

□ OA 0 

C/>— 

DA, C 4 

17 

□ DB 0 


OB, C 5 

D20-1 ie 

□ OA, 

\ 3 


DIP/CERPACK 
TOP VIEW 


3 2 U 20 19 


OB 2 p 7 
DA o 1.] 8 


is nj oa 0 

17 EI DB 0 
16 El OA, 
15 El DB, 
14 Cl OA, 


to Q m < m 
O 2 Q o Q 


LCC 

TOP VIEW 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 

© 1987 Integrated Device Technology. Inc. 
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IDT54AHCT244 HIGH-SPEED CMOS 

NON-INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

Vterm 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°c 

Tbias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (t a = +25 ° c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

> 

O 

II 

2 

> 

6 

10 

PF 

C OUT 

Output Capacitance 

VoUT= 0V 

8 

12 

PF 


NOTE: 

1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55°Cto +125°C 
V cc = 5.0V + 10% 

V LC = 0.2V 
Vhc = V CC -°- 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V| H 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

K9 

Ml 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

■a 

•iH 

Input HIGH Current 

Vcc = Max., \^ N = Mqq 

- 

- 

5 

pA 

•lL 

Input LOW Current 

V cc = Max., V, N = GND 

- 


-5 

pA 

•oz 

Off State (High Impedance) 

Output Current 

Vcc - Max. 

Vo = V C c 

- 

- 

mm 

pA 

V 0 = GND 

- 

- 

m 

•sc 

Short Circuit Current 

Vcc = Max.< 3 > 

-60 

-100 

- 

mA 

VoH 

Output HIGH Voltage 

Vcc = 3V, V, N = V LC or Vhc- *oh = - 32pA 

Vhc 

V cc 

- 

V 


•oh = ^50pA 


mm 


l 0H = -12mA 

mm 

1 

- 

V 0 L 

Output LOW Voltage 

Vcc = 3V, V IN = V LC orV HC , l 0L = 300pA 

- 

GND 

Vlc 

V 


'ol = 300pA 

- 

GND 

Vlc 

•ol = 14mA 

z 

- 

0.4 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c = 5.0V, + 25° C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT244 HIGH-SPEED CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V|_ c = 0.2 V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. <2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

V cc = Max. 

v in > V HC ; \^ N < V LC 

f, = 0 

■ 

0.001 

1.5 

mA 

•cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V^c = Max. 

V| N = 3.4V< 3 > 

- 

0.5 

2.0 

mA 

■ 

(5) 

Dynamic Power Supply Current 

Vcc = Max- 
Outputs Open 

OE a = OE b = GND 

One Input Toggling 

50% Duty Cycle 

V,n > V HC 
^n < V LC 

1 

0.15 

0.25 

mA/ 

MHz 

■ 


Vcc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

OE a = OE b = GND 

One Bit Toggling 

V|N > V HC 

V,N < V LC 
(AHCT) 

■ 

0.15 

1.8 


I ! 

Total Power Supply Current 

Vin = 3.4V 

V| N = GND 

■ 

0.4 

2.8 

mA 

'cc 

Vcc = Max. 

Outputs Open 
f, = 250KHZ 

50% Duty Cycle 

OE a = OE b = GND 
Eight Bits Toggling 

^N > V HC (6) 

V,N < V LC 
(AHCT) 

■ 

0.3 

2.0 



V IN = 3.4V (6) 

V )N = GND 

■ 

2.3 

10.0 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 .0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - •cc = •quiescent + •inputs + •dynamic 

•cc = • CCO + IcCT D h N T + •cCD (fcp/2 + f|N|) 

•ccq = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V 1N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D h 

•ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at fj 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 












































IDT54AHCT244 HIGH-SPEED CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

OE a .OE b 

Dxx 

Oxx 

3-State Output Enable Input (Active LOW) 

Inputs 

Outputs 


TRUTH TABLE 


i INPUTS 

OUTPUT 

OEa.OEb 

D 

L 

L 

L 

L 

H 

H 

H 

X 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
z = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

TYP. 

min. (2> 

MAX. 

UNIT 

Jplh 

‘phi 

Propagation Delay 

D toO 

C L = 50pF 

R l = 5000 

7.0 

1.5 

13.0 

ns 

‘ZH 

»ZL 

Output Enable 

Time 

16.0 

1.5 

25.0 

ns 

*HZ 

*LZ 

Output Disable 

Time 

10.0 

1.5 

18.0 

ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 

IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 


1 B 

MIL-STD-883, Class B 

D 

CERDIP 

L 

Leadless Chip Carrier 

E 

CERPACK 

| 244 

Octal Buffer/Line Driver 

1 54 

-55° C to +125°C 
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HIGH-SPEED CMOS 

IDT54AHCT245 

NON-INVERTING 


BUFFER TRANSCEIVER 



FEATURES: 

• Equivalent to ALS speeds and output drive overfull temperature 
and voltage supply extremes 

• 8ns typical data to output 

loi = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• Non-inverting buffer transceiver 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT245 are 8-bit non-inverting, bidirectional buff- 
ers built using advanced CEMOS ™, a dual metal CMOS technol- 
ogy. This bidirectional buffer has 3-state outputs and is intended 
for bus-oriented applications. The Transmit/Receive (T/R) input 
determines the direction of data flow through the bidirectional 
transceiver. Transmit (active HIGH) enables data from A ports to B 
ports. Receive (active LOW) enables data from B ports to A ports. 
The Output Enable Input, when HIGH, disables both A and B ports 
by placing them in High Z condition. 


PIN CONFIGURATIONS 



DIP/CERPACK 
TOP VIEW 



top“ew 


FUNCTIONAL BLOCK DIAGRAM 




CEMOS is a registered trademark of integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


10-233 


DSC-4046/- 



IDT54AHCT245 HIGH-SPEED CMOS 

NON-INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS 01 



RATING 

VALUE 

EH 

ujjii 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

T a 

Operating Temperature 

-55 to +125 

mm 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

■our 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
I NGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c, f = i.omhz) 


SYMBOL 

PARAMETER 0 ’ 

CONDITIONS 

ESS 

EES1 



Input Capacitance 

Vin = 0V 

6 

IS 

PF 

C|/o 

I/O Capacitance 

IQE&E96 

8 

o 

pF 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55°C to +125°C 
V cc = 5.0V + 10% 

V LC = 0.2V 
V HC = Vcc "0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

typ. (2) 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 


V 

V 1L 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

V 

■iH 

Input HIGH Current 
(Except I/O Pins) 

Msc = Max., V 1N = Vcc 

B 

- 

5 

pA 

■lL 

Input LOW Current 
(Except I/O Pins) 

Vcc = Max., V lN = GND 

B 

B 

-5 

pA 

I.H 

Input HIGH Current 
(I/O Pins) 

Vcc = Max., Vq = Vcc 

B 

B 

15 

(JA 

I.L 

Input LOW Current 
(I/O Pins) 

V cc = Max., V 0 = GND 

B 

B 

-15 

pA 

■sc 

Short Circuit Current 

V cc = Max. < 3 > 

-60 

-100 

- 

mA 

VoH 

Output HIGH Voltage 

Port A and B 

Vcc = 3 V, V 1N = V LC orV HC , Ioh = "32 pA 

K3S 

v cc 

- 

B 

ihbb 

■oh — -150pA 

Vhc 

Vcc 

- 

Iqh = -12mA 

MU 

mm 

- 

V 0 L 

Output LOW Voltage 

Port A and B 

Vcc = 3V,V 1N = V LC or V HC , l 0L = 300 

- 

GND 

V LC 

V 


Iql = 300pA 

- 

GND 


l 0L = 14mA 

- 

- 

0.4 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V. + 25° C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT245 HIGH-SPEED CMOS 

NON-INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

V cc = Max. 

V|N ^^hcIMn S V LC 

f, = o 

■ 

0.001 

1.5 

mA 

IB 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V| N = 3.4V< 3 > 


0.5 

2.0 

mA 

i 

(5) 

Dynamic Power Supply Current 

V cc = Max. 

Outputs Open 

OE = GND 

T/R = GND or V cc 

One Input Toggling 

50% Duty Cycle 

V IN 5: Mnc 

V!n 5 V LC 

i 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
fi = 1.0MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 

Mn S V hc 

Vin < V LC 
(AHCT) 

B 

0.15 

1.8 


■ 

Total Power Supply Current* 4 ’ 

V,n = 3.4V 

V IN = GND 

B 

0.4 

2.8 

mA 

lcc 

V cc = Max. 

Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 

Vn > V hc (6) 

< V LC 
(AHCT) 

■ 

0.3 

2.0 



V jN = 3.4V (6) 

V IN = GND 

B 

2.3 

10.0 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4 - ( CC = I QUIESCENT + 1 INPUTS + ’ DYNAMIC 

IcC = IcCO + IcCT D H Nt + I CCD + f|N|) 

leco = Quiescent Current 

I C ct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N, = Number of Inputs at fj 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT245 HIGH-SPEED CMOS 

NON-INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


INPUTS 

OUTPUTS 

OE 

T/R 

L 

L 

Bus B Data to Bus A 

L 

H 

Bus A Data to Bus B 

H 

X 

High Z State 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


PIN NAMES 

DESCRIPTION 

OE 

Output Enable Input (Active LOW) 

T/R 

Transmit/Receive Input 

a 0 -a 7 

Side A Inputs or 3-State Outputs 

Bq-B/ 

Side B Inputs or 3-State Outputs 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

MIN.® 

MAX. 

UNIT 

IS 

Propagation Delay 

A to B 

B to B 


8.0 

warn 

15.0 

ns 

*ZH 

*ZL 

Output Enable 

Time 

C L = 50pF 

15.0 

1.5 

25.0 

ns 

*HZ 

l LZ 

Output Disable 

Time 

R L = 5000 

11.0 

1.5 

18.0 

ns 

l DLH 

*DHL 

Propagation Delay 

T/R to A or B® 


14.0 

- 

- 

ns 


NOTES: 

1. See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. This parameter is guaranteed by design. 


ORDERING INFORMATION 



MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Non-Inverting Buffer Transceiver 
-55 °C to + 125°C 
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HlftH-SPFFH CMOS 


IDT54AHCT273 


Integrated Device Technology. Inc. 



FEATURES: 

• Equivalent to ALS speeds and output drive overfull temperature 
and voltage supply extremes 

• 10ns typical clock to output 

• Iol = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal D flip-flop with clear 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54AH CT273 are octal D flip-flops built using advanced 
CEMOS™, a dual metal CMOS technology. The IDT54AHCT273 
has eight edge-triggered D-type flip-flops with individual D inputs 
and O outputs. The common buffered Clock (CP) and Master Re- 
set (MR) inputs load and reset (clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D input, 
one set-up time before the LOW-to-HIGH clock transition, is trans- 
ferred to the corresponding flip-flop’s O output. 

All outputs will be forced LOW independently of Clock or Data 
inputs by a LOW voltage level on the M R input. The device is useful 
for applications where the true output only is required and the 
Clock and Master Reset are common to all storage elements. 


PIN CONFIGURATIONS 



o 5 

d 5 

D 4 

04 

CP 


DIP/CERPACK 
TOP VIEW 



LCC 

TOP VIEW 


D 7 

d 6 

Oe 

0 5 

D s 


FUNCTIONAL BLOCK DIAGRAM 


D 0 D, D 2 D 3 D 4 D 5 D e D 7 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1987 


© 198 7 Integrated Device Technology, Inc. 
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1DT54AHCT273 HIGH-SPEED 

CMOS OCTAL D FLIP-FLOP WITH CLEAR 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

■Ami 


Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

D 

Ta 

Operating Temperature 

-55 to +125 

■a 

Tbias 

Temperature Under Bias 

-65 to +135 

°c 

t stg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

'out 

DC Output Current 

120 

mA 


NOTE: 


1, Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (t a = +25 °c. f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

CONDITIONS 


EES 

EQQ 


Input Capacitance 

V,N= 0V 

6 

m 

PF 

■m 

Output Capacitance 

MSSBEM 

8 

wm 

ns 


NOTE: 


1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55°Cto +125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
Vhc = V cc -0 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS' 1 ) 

MIN. 

TYP.W 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

'|H 

Input HIGH Current 

Vcc = Max.,V| N = V cc 

- 

- 

5.0 

pA 

l|L 

Input LOW Current 

V cc = Max.,V| N = GND 


- 

-5.0 

pA 

'sc 

Short Circuit Current 

V cc = Max.' 3 ' 

-60 

-100 

- 

rrA 

V OH 

Output HIGH Voltage 

V C c = 3V, V, N = V LC orV HC , Iqh = -32 pA 

< 

I 

O 

■9 

- 

nrA 

Vcc = M'n. 

Mn = Mh or V| L 

'oh = -150uA 

mm 

v cc 

_ 

V 

'oh — -1.0mA 

mm 

4.3 

- 

^OL 

Output LOW Voltage 

Vcc = 3V, Vin = Vlc or Vhc, 'ol = 300 pA 

- 

GND 

Vlc 

B 


'ol = 300pA 

- 


mm 

l 0L = 14mA 

- 


mm 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT273 HIGH-SPEED 

CMOS OCTAL D FLIP-FLOP WITH CLEAR 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TYP. <2) 

MAX. 

UNIT 

•cco 

Quiescent Power Supply Current 

V cc = Max. 

v in > v HC ; V|N - V| - c 

f cp = f| = 0 

- 

0.001 

1.5 

mA 

•CCT 

Power Supply Current Per TTL 

Inputs HIGH 

Vqq = MOX. 

= 3.4VP) 

- 

0.5 

2.0 

mA 

•cco 

Dynamic Power Supply Current 1 2 3 * (5) 6 

V cc = Max. 

Outputs Open 

Mfl = V cc 

One Bit Toggling 

50% Duty Cycle 

V IN 2 V HC 

V|N - M.C 

- 

0.15 

0.25 

mA/MHz 

•cc 

Total Power Supply Current (4) 

V cc = Max. 

Outputs Open 
f CP = 1.0MHz, 

50% Duty Cycle 

MR = V cc 

One Bit Toggling 
at f| = 500kHz 

50% Duty Cycle 

V IN 2 V H c 

V IN - V LC 

(AHCT) 

- 

0.15 

1.8 

mA 

V,N = 3.4V 
or 

V] N = GND 

- 

0.65 

3.8 

V cc = Max- 
Outputs Open 
f C p= 1.0MHz, 

50% Duty Cycle 

ME = V cc 

Eight Bits Toggling 
f, = 250kHz 

50% Duty Cycle 

Vin 2 V HC (6) 

V|N - V L C 
(AHCT) 

- 

0.63 

2.2 

V IN = 3.4V ( 6 ) 
or 

= GND 

- 

2.88 

11.2 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vqq = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - •cc = Quiescent + •inputs + Dynamic 

•cc = •cco + , cct D h N t + Iccd (fep/2 + f i N i) 

•ccq = Quiescent Current 

I cot = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

•cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f ( = Input Frequency 
N| = Number of Inputs at fj 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 



IDT54AHCT273 HIGH-SPEED 

CMOS OCTAL D FLIP-FLOP WITH CLEAR MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Do ~ D 7 

Mr 

CP 

O 0 - O 7 

Data Inputs 

Master Reset (Active LOW) 

Clock Pulse Input (Active Rising Edge) 

Data Outputs 


TRUTH TABLE 


OPERATING MODE 

INPUTS 

OUTPUT 

MR 

CP 

Dn 

On 

Reset (Clear) 

L 

X 

X 

L 

Load ‘1 ’ 

H 

t 

h 

H 

Load ’0’ 

H 



1 

L 


H = HIGH Voltage steady state 

h = HIGH Voltage Level one set-up time prior to the LOW-to-HlGH clock 
transition 

L = LOW Voltage Level steady state 

I = LOW voltage Level one set-up time prior to the LOW-to-HIGH clock 
transition 
X = Don’t Care 

| = LOW-to-HIGH clock transition 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

min. (2) 

MAX. 

UNIT 

jpLH 

'phl 

Propagation Delay 

CP to O n 


10.0 

2.0 

17.0 

ns 

*PLH 

l PHL 

Propagation Delay 

MR to Output 


12.0 

2.0 

21.0 

ns 

l s 

Set-up Time 

High or Low 

Data to CP 

C L = 50pF 

3.0 

10.0 

- 

ns 

»H 

Hold Time 

High or Low 

Data to CP 

R u = 5000 

0.6 

1.0 

- 

ns 

t w 

Clock Pulse Width 

High or Low 


10.0 

16.0 

- 

ns 

l REC 

Recovery Time 

MR to CP 


5.0 

15.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 

IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 

1 B MIL-STD-883, Class B 

D CERDIP 

: L Leadless Chip Carrier 

E CERPACK 

1 273 Octal D Flip-Flop with Clear 

1 54 -55°Cto +125°C 
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HIGH-SPEED CMOS 

IDT54AHCT299 

8-INPUT UNIVERSAL 


SHIFT REGISTER 



■Tl 


Integrated Dev ice Technology Inc. 


FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 9ns typical clock to output 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• 8-input universal shift register 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT299 is an 8-input universal shift register built 
using advanced CEMOS ™, a dual metal CMOS technology. The 
IDT54AHCT299 is an 8-input universal shift/storage register with 
3-state outputs. Four modes of operation are possible: hold (store) , 
shift left, shift right and load data. The parallel load inputs and flip- 
flop outputs are multiplexed to reduce the total number of package 
pins. Additional outputs are provided for flip-flops Q 0 -Q 7 to allow 
easy serial cascading. A separate active LOW Master Reset is used 
to reset the register. 


PIN CONFIGURATIONS 



Vcc 

S, 

DS r 

O7 

l/0 7 

l/0 5 

l/0 3 

I/O, 

CP 

DS n 


DIP/CERPACK 
TOP VIEW 



TOP VIEW 


ds 7 

07 

I/O 7 
i/0 5 
l/0 3 


FUNCTIONAL BLOCK DIAGRAM 


S, S 0 
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© 1987 Integrated Device Technology. Inc. 
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MILITARY TEMPERATURE RANGE 


CAPACITANCE (T A =+ 25 °c,f = i.omhz) 


IDT54AHCT299 HIGH-SPEED CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

Vterm 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

T a 

Operating Temperature 

-55 to +125 

°C 

Tbias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

W 

'out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied . Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

V, N =0V 

6 

10 

pF 

C OUT 

Output Capacitance 

Vqut = 0V 

8 

12 

PF 


NOTE: 

1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a — -55°Cto + 125°C 
V cc = 5.0V + 10% 

V LC = 0.2V 
Vhc=V C c-°- 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. (2) 

MAX. 

UNIT 

Yh 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

wm 

Yl 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

m 

'iH 

Input HIGH Current 
(Except I/O Pins) 

Vcc = Max., Yn = Vcc 

D 

B 

5 

pA 

'lL 

Input LOW Current 
(Except I/O Pins) 

V cc = M^., V 1N = GND 

n 

- 

-5 

pA 


Input HIGH Current 
(I/O Pins) 

Vcc = Max., V = V C c 

■ 

B 

15 

pA 

'lL 

Input LOW Current 
(I/O Pins) 

V cc = Max., V, = GND 

■ 

B 

-15 

pA 

'sc 

Short Circuit Current 

V cc = Max.< 3 > 

-60 

-100 

- 

mA 

Yoh 

Output HIGH Voltage 

Vcc = 3V, Vn = V LC or V HC , l 0H = -32 pA 

■39 

Vcc 

- 

V 

B3 : • 

'oh ~200pA 

mm 

— 

- 

'oh =-1.0mA 

warn 

mm 

- 

Yol 

Output LOW Voltage 

Vcc = 3V, V 1N = V LC or V HC , 'ol = 300 pA 

- 

GND 

Vlc 

■ 

Vcc = Min. 

Vn = Vh or V| L 

'ol = 300pA 


GND 

Vlc 

'ol = 14mA 

- 

- 

0.4 


NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5,0V, + 25 °C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT299 HIGH-SPEED CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS’ 1 ’ 

MIN. 

TYP.’ 2 ’ 

MAX. 

UNIT 

a 

Quiescent Power Supply Current 

Vqc = Max. 

V IN 5 V H c 1 Vn S M.C 
*cp = f| = 0 

■ 

0.001 

1.5 

mA 

m 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V’ 3 ’ 

- 

0.5 

2.0 

mA 

i 

Dynamic Power Supply Current (5) 

V cc = Max. 

Outputs Open 

OE, = OE 2 = GND 

MR = V cc 
s 0 = s, = V cc 

D$J = DS, = GND 

One Bit Toggling 

50% Duty Cycle 

^N > V HC 

Mn < V LC 

1 

0.15 

0.25 

mA/ 

MHz 



V cc = Max. 

Outputs Open 
f CP = 1.0MHz 

50% Duty Cycle 

OE, = OE 2 = GND 

MR = V cc 

So = S, = V cc 

DS 0 = DS, = GND 

One Bit Toggling 
at fi = 500kHz 

50% Duty Cycle 

V IN > V HC 

V.N < V LC 
(AHCT) 

■ 

0.15 

1.8 


’cc 

Total Power Supply Current’ 4 ’ 

V IN = 3.4V or 

V IN = GND 

■ 

0.65 

3.8 

mA 

V cc = Max. 

Outputs Open 
f CP = 1.0MHz 

50% Duty Cycle 

OE, = OE 2 = GND 

MR = V cc 

So — S, — Vcc 

DSo = DS, = GND 
Eight Bits Toggling 
at f, = 250kHz 

50% Duty Cycle 

V, N > Vhc’ 6 ’ 

V,n < V LC 
(AHCT) 

■ 

0.63 

2.2 



V IN = 3.4V (6) 

V IN = GND 

■ 

2.88 

11.2 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - ’cc = ’quiescent + ’inputs + ’dynamic 

’cc = ’cco + ’cct Dh Nt + ’ccd (’cp^2 + f| N |) 

’ccq = Quiescent Current 

’cct = Power Supply Current for a TTL High Input (V (N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

’ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N t = Number of Inputs at f, 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 













































IDT54AHCT299 HIGH-SPEED CMOS 
8-INPUT UNIVERSAL SHIFT REGISTER 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

MIN.' 21 

MAX. 

UNIT 

JpLH 

‘PHL 

Propagation Delay 

CP to Q 0 or 0 7 


9.0 

- 

17.0 

ns 

*PLH 

'PHL 

Propagation Delay 

CP to l/0 N 


8.0 

- 

15.0 

ns 

tpHL 

Propagation Delay 

Mr to Q 0 or Q 7 


9.0 

- 

15.0 

ns 

'PHL 

Propagation Delay 

MR to l/ 0 N 


9.0 

- 

15.0 

ns 

t* 

tZL 

Output Enable Time 

OF to I/On 


10.0 

- 

18.0 

ns 

W 

t lz 

Output Disable Time 

OF to I/On 

C L = 50pF 

R u = 5000 

7.5 

- 

12.0 

ns 

ts 

Setup Time HIGH or LOW 

S 0 or S, to CP 


4.0 

8.5 

- 

ns 


Hold Time HIGH or LOW 

S 0 or Si to CP 


1.0 

0.0 

- 

ns 

wm 

Setup Time HIGH or LOW 
l/Ojsj, DSq or DS 7 to CP 


1.5 

5.5 

- 

ns 

tH 

Hold Time HIGH or LOW 
l/0 Nl DSq or DS 7 to CP 


0 

2.0 

- 

ns 

t w 

CP Pulse Width HIGH or LOW 


8.0 

8.0 

- 

ns 

t w 

MR Pulse Width Low 


8.0 

8.0 

- 

ns 

l REC 

Recovery Time MR to CP 


8.0 

8.0 


ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

ORDERING INFORMATION 

IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 

1 B MIL-STD-883, Class B 

D CERDIP 

L Leadless Chip Carrier 

E CERPACK 

1 299 8 -lnput Universal Shift Register 

1 54 -55°C to + 125°C 


INPUTS 

RESPONSE 

MR 

wcm 

KB 

warn 

L 

aa 

B 

X 

Asynchronous Reset Q 0 , Q 7 = LOW 

H 

1 

1 

s 

Parallel Load; l/0 N — vQ N 

H 

B 

I 

s 

Shift Right; DS 0 -+Q 0 , Q 0 — tO, . etc. 

H 


B 

s 

Shift Left; DS 7 — ^ 07 , Q 7 — ►Qg. etc. 

H 

■9 

B 

X 

Hold 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


PIN NAMES 

DESCRIPTION 

CP 

DSg 

ds 7 

§J« ®7 

MR 

OE,. OE 2 

I/Ob - i/o 7 

Q0.Q7 

Clock Pulse Input (Active Edge Rising) 

Serial Data Input for Right Shift 

Serial Data Input for Left Shift 

Mode Select Inputs 

Asynchronous Master Reset Input (Active LOW) 

3-State Output Enable Inputs (Active LOW) 

Parallel Data Inputs or 3-State Parallel Outputs 

Serial Outputs 
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HIGH-SPEED CMOS 

IDT54AHCT373 

it® 

OCTAL TRANSPARENT 



LATCH 


Intesrated DeviceTechnotc^y. Inc, 




FEATURES: 

• Equivalent to ALS speeds and output drive overfull temperature 
and voltage supply extremes 

• 10ns typical data to output delay 

• | 0L = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal transparent latch with enable 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT373 are 8-bit latches built using advanced 
CEMOS™, a dual metal CMOS technology. This octal latch has 
3-state output and is intended for bus-oriented applications. The 
flip-flops appear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is LOW, the data that meets the set-up times is 
latched. Data appears on the bus when the Output Enable (OE) is 
LOW. When OE is HIGH, the bus output is in the high impedance 
state. 


PIN CONFIGURATIONS 


GE 

O 0 

D 0 

D, 

O, 

0 2 

D 2 

d 3 

0 3 
GND 


DIP/CERPACK 
TOP VIEW 


C3 


20 h v C c 


■ °v - 

6 £ 20-1 15 

7 14 

8 13 



LCC 

TOP VIEW 


D/ 

d 6 

0 6 

0 5 

d 5 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT373 HIGH-SPEED 

CMOS OCTAL TRANSPARENT LATCH MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

VALUE 

1UHU 


Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 


t a 

Operating Temperature 

-55 to +125 

°C 

"•bias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T A =+ 25 °c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

ffcTl 


rm 

C IN 

Input Capacitance 

Vin = ov 

6 

o 

pF 

C OUT 

Output Capacitance 

V 0UT = 0V 

8 

■a 

■ 33 ! 


NOTE: 

1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55°C to +125°C 
V cc = 5.0V ± 10% 

V LC = 0.2 V 
Vhc = V C c ~ 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ) 

MIN. 

TYP.* 2 ) 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

■■ 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

•lH 

Input HIGH Current 

Vcc = Max.,V| N = Vcc 

- 

- 

5.0 

pA 

•|L 

Input LOW Current 

V cc = Max.,V, N = GND 

- 

- 

-5.0 

pA 

•sc 

Short Circuit Current 

V cc = Max. * 3 > 

-60 

-100 

- 

rrA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V| N = V LC or V HC , Iqh = "32 pA 

o 

X 

> 

13 

- 

rrA 

Vcc = Min. 

Mn = Mh or V !L 

•oh = -150uA 

— 

v cc 

_ 

D 

•oh ~ -1.0mA 

mm 

4.3 

- 

V 

Output LOW Voltage 

Vcc = 3 V, Vin = Vlc or Vhc. Iol = 300 pA 

- 

GND 

mm 

V 


•ol = 300pA 

- 


mm 

l 0L = 14mA 

- 


HOI 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5,0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT373 HIGH-SPEED 
CMOS OCTAL TRANSPARENT LATCH 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 3 * 

MAX. 

UNIT 

'ccq 

Quiescent Power Supply Current 

Vcc = Wax. 

V IN 5 V HCi V IN 5 V LC 
f, = 0 

- 

0.001 

1.5 

mA 

'CCT 

Power Supply Current Per TTL 

Inputs HIGH 

V cc = Max - 
V| N = 3.4VP) 

- 

0.5 

2.0 

mA 

•ccd 

Dynamic Power Supply Current (5) 6 

V cc = Max. 

Outputs Open 

OE = GND 

LE = V cc 

One Input Toggling 
50% Duty Cycle 

V IN ^ V HC 

V|N - V LC 

- 

0.15 

0.25 

m A/M Hz 



V cc = Max. 

Outputs Open 
f, = 1.0MHz, 

50% Duty Cycle 

OE = GND 

LE = V cc 

One Bit Toggling 

V|N & VhC 

Vim < V LC (AHCT) 

- 

0.15 

1.8 


•cc 

Total Power Supply Current <4) 

Vn = 3.4V 
or 

y N = GND 

- 

0.4 

2.8 

mA 

Vcc = Max. 

Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE = GND 

LE = V cc 

Eight Bits Toggling 

Mn S V hc 

V,n <V LC (AHCT) (6) 

- 

0.3 

2.0 



V 1N = 3.4V l 6 > 
or 

V, N = GND 

- 

2.3 

10.0 



NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - 'cc = 'quiescent + l|NPUTS + 'dynamic 

'cc = ' CCQ + 'cCT Nj + I CCD (*CP^ + f| N |) 

•ccq = Quiescent Current 

I C ct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I ccd = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 



IDT54AHCT373 HIGH-SPEED 

CMOS OCTAL TRANSPARENT LATCH MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

D 0 - d 7 

LE 

OE 

o 0 - o 7 

Data Inputs 

Latch Enables Input (Active HIGH) 

Output Enables Input (Active LOW) 

3-State Latch Outputs 


TRUTH TABLE 


| INPUTS 

OUTPUTS 

D n 

LE 

OE 

C 

O 

H 

H 

L 

H 

L 

H 

L 

L 

X 

X 

H 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Z = HIGH Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

min. (2> 

MAX. 

UNIT 

jpLH 

*PHL 

Propagation Delay 

D n to O n 


10.0 

1.5 

19.0 

ns 

[ZH 

l ZL 

Output Enable 

Time 


15.0 

1.5 

24.0 

ns 

jHZ 

X LZ 

Output Disable 

Time 


9.0 

1.5 

16.0 

ns 

Hal 

Propagation Delay 

LE to O n 

C L = 50pF 
R l = 5000 

20.0 

2.0 

27.0 

ns 

m 

Set-up Time 

HIGH or LOW 

D n to LE 

4.0 

10.0 

- 

ns 

»H 

Hold Time 

HIGH or LOW 

D n to LE 


3.0 

1.5 

- 

ns 

t W 

LE Pulse Width 

HIGH or LOW 


7.0 

10.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT 
Temp. Range 


XXXX 


X 


Device Type Package 


Process 



] 54 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Octal Transparent Latch 
-55° C to +125°C 
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A 

HIGH-SPEED CMOS 

IDT54AHCT374 

ill® 

OCTAL D 


Integrated DeviceTechnology. Inc. 

REGISTER (3-STATE) 



FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 10ns typical address to output delay 

• | 0L = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal D register (3-state) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT374 are 8-bit registers built using advanced 
CEMOS ™, a dual metal CMOS technology. These registers con- 
sist of eight D-type flip-flops with a buffered common clock and 
buffered 3-state output control. When the output enable (OE) input 
is LOW, the eight outputs are enabled. When the OE input is HIGH, 
the outputs are in the three-state conditions. 

Input data meeting the set-up and hold time requirements of the 
D inputs is transferred to the O outputs on the LOW-to-HIGH transi- 
tion of the clock input. 


PIN CONFIGURATIONS 




DIP/CERPACK 
TOP VIEW 


LCC 

TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 


d 0 d, d 2 d 3 d 4 d 5 d 6 d 7 



Oq O, 0 z 0 3 O4 O5 Og O7 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT374 HIGH-SPEED CMOS 
OCTAL D REGISTER (3-STATE) 


MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

irmn 


Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

■a 

T a 

Operating Temperature 

-55 to +125 

TO 

Tbias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T A = +25°c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

EE3 

U2S 


C|N 

Input Capacitance 

v 1N =ov 

6 

El 

PF 

C OUT 

Output Capacitance 

Vout= 0V 

8 

mm 

mm 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55°C to +125°C 
V cc = 5.0V ± 10% (Military) 

V LC = 0.2V 
V H c = V cc "0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS < 1) 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

*IH 

Input HIGH Current 

V C c = Max.,V, N = V C c 

- 

- 

5 

PA 

IlL 

Input LOW Current 

V cc = Max.,V lN = GND 

- 

- 

BSI 

pA 

•sc 

Short Circuit Current 

V cc = Max. < 3 > 

-60 

120 

- 

mA 

D 

Output HIGH Voltage 

Vcc = 3V, V !N = V LC or V HC , Iqh = "32pA 

BBI 

o< 

O 

- 

V 

’ 

I 0 h — -1 50pA 

mm 

mm 

- 

'oh = -1.0mA 

wnm 

mm 

- 

B 

Output LOW Voltage 

Vcc = 3V, Vn = V LC or V HC , l 0L = 300pA 

- 

GND 

V LC 

V 

m 

l 0L = 300pA 

- 

GND 

MB 

(5“ 

II 

■t* 

3 

> 

- 


0.4 


NOTES: 

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vqq = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT374 HIGH-SPEED CMOS 
OCTAL D REGISTER (3-STATE) 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V CC -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

•cco 

Quiescent Power Supply Current 

= Max. 

V IN > V HC '• Vn S M.C 
f CP = f l = 0 

- 

0.001 

1.5 

mA 

•cCT 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V ( 3 * 5 > 

- 

0.5 

2.0 

mA 

•cCD 

(5) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

o o 
> Z > J 

Al VI 

> ? > ? 

- 

0.15 

0.25 

mA/ 

MHz 

•cc 

Total Power Supply Current <4) 

Vcc = Max. 

Outputs Open 
fep = "1 -0MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 
at f , = 500kHz 

50% Duty Cycle 

Mn S v hc 

Vin < V LC 
(AHCT) 

- 

0.15 

1.8 

mA 

V IN = 3.4V or 

V IN = GND 

- 

0.65 

3.8 

Vcc = Max. 

Outputs Open 
fcp = 1.0MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 
atfj = 250kHz 

50% Duty Cycle 

V,n > V HC (6) 

Mn < V LC 
(AHCT) 

- 

0.63 

2.2 

V IN = 3.4V or (6) 

V| N = GND 

- 

2.88 

11.2 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25° C ambient and maximum loading. 

3. Per TTL driven input (V iN = 3.4V); all other inputs at V cc or GND. 

4 - •cc = •quiescent + •inputs + •dynamic 

•cc = *000 + •cct D h N t + I ccd (f C p/2 + f i N | ) 

•cco = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

•cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 



IDT54AHCT374 HIGH-SPEED CMOS 

OCTAL D REGISTER (3-STATE) MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

D, 

The D flip-flop data inputs. 

CP 

Clock Pulse for the register. Enters data on the 
LOW-to-HIGH transition. 

0, 

The register three-state outputs. 

OE 

Output Control. An active-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the outputs to the high impedance (off) 
state. 


TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 

OE 

CLOCK 

El 

o, 

Q. 

Hi-Z 

H 

L 

X 

z 

NC 


H 

H 

X 

z 

NC 


L 

_jr~ 

mm 

L 

— 

LOAD 

L 

— y 

■9 

H 


REGISTER 

H 


HI 

z 



H 

s~ 

mm 

z 



H = HIGH 
L = LOW 


X = Don’t Care 
Z = High Impedance 
S~~= LOW-to-HIGH transition 
NO = No Change 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

min. (2) 

MAX. 

UNIT 

'PLH 

tpHL 

Propagation Delay 

CP to O n 


10.0 

2.0 

18.0 

ns 

tZH 

tZL 

Output Enable Time 


11.0 

1.5 

20.0 

ns 

tHZ 

tiz 

Output Disable Time 

C L = 50pF 

R l = 5000 

9.0 

1.5 

24.0 

ns 

l s 

Set-up Time 

HIGH or LOW 

D n to CP 

2.0 

10.0 

- 

ns 

‘h 

Hold Time 

HIGH or LOW 

D n to CP 


0.5 

1.5 

- 

ns 


CP Pulse Width 

HIGH or LOW 


10.0 

16.5 

- 

ns 


NOTES: 

1. See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 

IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 


1 B 

MIL-STD-883, Class B 

D 

CERDIP 

L 

Leadless Chip Carrier 

E 

CERPACK 

j 374 

Octal D Register (3-State) 

j 54 

-55 °C to +125°C 
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HIGH-SPEED CMOS 

IDT54AHCT377 

11^ 

OCTAL D FLIP-FLOP WITH 


Integrated Devicelechnology. Inc. 

CLOCK ENABLE 



FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 10ns typical propagation delay 

• Iol = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5yA max.) 

• Octal D flip-flop with clock enable 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The I DT54 AH CT377 is an octal D flip-flop built using advanced 
CEMOS ™, a dual metal CMOS technology. The IDT54AHCT377 
has eight edge-triggered, D-type flip-flops with individual D inputs 
and O outputs. The common buffered Clock (CP) input loads all 
flip-flops simultaneously when the Clock Enable (CE) is LOW. The 
register is fully edge-triggered. The state of each D input, one set- 
up time before the LOW-to-HIGH clock transition, is transferred to 
the corresponding flip-flop’s O output. The CE input must be stable 
only one set-up time prior to the LOW-to-HIGH clock transition for 
predictable operation. 


PIN CONFIGURATIONS 


CE 

O 0 

Do 

Di 

O, 

0 2 

d 2 

d 3 

0 3 

GND 


DIP/CERPACK 
TOP VIEW 


D20-1 16 
E20-1 is 


Vcc 

0 7 

D 7 

D e 

0 6 

0 5 

Ds 

D4 

0 4 

CP 


FUNCTIONAL BLOCK DIAGRAM 



LCC 

TOP VIEW 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1 987 


© 1987 Inlegrated Device Technology, Inc. 
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IDT54AHCT377 HIGH-SPEED CMOS OCTAL 
D FLIP-FLOP WITH CLOCK ENABLE 


ABSOLUTE MAXIMUM RATINGS {1 > 


SYMBOL 

RATING 

VALUE 

WTO 

V TERM 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

a 

t a 

Operating Temperature 

-55 to +125 

mm 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

"•stg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

ca 


uai 

C IN 

Input Capacitance 

V 1N =0V 

6 

■a 

PF 

C OUT 

Output Capacitance 

MdUT = 0V 

8 

mm 

KB 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55 °C to + 125°C 
V cc = 5.0V ± 10% 

V L c = 0.2V 
V HC = Vqq - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS W 

MIN. 

TYP.I 2 ) 

MAX. 

UNIT 

Mh 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

n 

IlH 

Input HIGH Current 

Vcc = Max.,V|N = Vcc 

- 

- 

5.0 

pA 

IlL 

Input LOW Current 

V cc = Max.,V| N = GND 

- 

- 

-5.0 

pA 

•sc 

Short Circuit Current 

V cc = Max.< 3) 

-60 

-100 

- 

rrA 

Mdh 

Output HIGH Voltage 

Vcc = 3V, V, N = V LC orV HC , I 0 h — -32 pA 

o 

X 

> 

v cc 

- 

mA 

ij 

n 11 

•oh = -150u A 

Vhc 

Mm 

- 

V 

l 0H = -1.0mA 

2.4 

mm 

- 

V OL 

Output LOW Voltage 

Vcc = 3V, Vin a* Vlc or Vhc . Iol = 300 pA 


GND 


V 

V cc = Min. 

Mn “ Mh or V| L 

•ol = 300pA 

' - 



l 0L = 14mA 

- 

___ 

KQI 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT377 HIGH-SPEED CMOS OCTAL 
D FLIP-FLOP WITH CLOCK ENABLE 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = Vcc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. <2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

V cc = Max. 

Vin ^ V HC ; Vn < V LC 

f CP = l| = 0 

■ 

0.001 

1.5 

mA 

Icct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V )N = 3.4V< 3 > 

B 

0.5 

2.0 

mA 

1 

(5) 

Dynamic Power Supply Current 

Vcc = Max. 

Outputs Open 

CE = GND 

One Bit Toggling 

50% Duty Cycle 

Vn s v hc 

Vn < V LC 

■ 

0.15 

0.25 

mA/ 

MHz 

■ 


Vcc = Max. 

Outputs Open 
fcp = 10MHz 

50% Duty Cycle 

CE = GND 

One Bit Toggling 
at f | = 500kHz 

50% Duty Cycle 

V|N > V HC 

Vn < v LC 
(AHCT) 

■ 

0.15 

1.8 


•cc 

(4) 

Total Power Supply Current 


■ 

0.65 

3.8 

mA 

; 1 1 44 

Vcc — Max. 

Outputs Open 
fcp = 1.0MHz 

50% Duty Cycle 

CE = GND 

Eight Bits Toggling 
at f , = 250kHz 

50% Duty Cycle 

Vn > V HC <6) 

Vn < V LC 
(AHCT) 

■ 

0.63 

2.2 



■Bl 

■ 

2.88 

11.2 



NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V C c = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V !N = 3.4V); all other inputs at V cc or GND. 

4- Ice = I QUIESCENT + IlNPUTS + I DYNAMIC 

Ice = IcCQ + IcCT DhN T + l CC Q (f c p/2 + f I N ! ) 
l C co = Quiescent Current 

Icct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL inputs at D H 

*cco = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f CP = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 










































IDT54AHCT377 HIGH-SPEED CMOS OCTAL 

D FLIP-FLOP WITH CLOCK ENABLE MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Q 

i 

o 

Q 

Data Inputs 

CE 

Clock Enable (Active LOW) 

o 0 -o 7 

Data Outputs 

CP 

Clock Pulse Input 


TRUTH TABLE 


OPERATING MODE 

INPUTS 

OUTPUTS 

CP 

CE 

D 

O 

Load “1” 

t 

1 

mm 

H 

Load “0” 

t 

1 

i 

L 

Hold (Do Nothing) 

t 

X 

h 

H 

X 

X 

No Change 

No Change 


H = HIGH Voltage Level 

h = HIGH Voltage Level one setup time priorto the LOW-to-HIGH Clock 
Transition 

L = LOW Voltage Level 

I = LOW Voltage Level one setup time priorto the LOW-to-HIGH Clock 
Transition 
X = Immaterial 

f = LOW-to-HIGH Clock Transition 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION* 11 

TYP. 

min. (2) 

MAX. 

UNIT 

WSM 

msssM 

Propagation Delay 

CP to On 


10.0 

2.0 

20.0 

ns 


Set-up Time 

HIGH or LOW 

D N to CP 


5,0 

2.0 

- 

ns 

t H 

Hold Time 

HIGH or LOW 

D n to CP 

C L = 50pF 

R, = 5000 

2.0 

1.5 

- 

ns 


Set-up Time 

HIGH or LOW 

CE to CP 

3.0 

2.0 

_ 

ns 

*H 

Hold Time 

HIGH or LOW 

CE to CP 


2.0 

2.0 

- 

ns 


Clock Pulse Width, LOW 


7.0 



7.0 

- 

ns 


NOTES: 


1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


1DTXXAHCT 
Temp. Range 


XXXX 


Device Type Package 


Process 


B 

MIL-STD-883, Class B 

D 

CERDIP 

L 

Leadless Chip Carrier 

E 

CERPACK 

521 

8-Bit Identity Comparator 

54 

-55 °C to +125°C 
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Jiiiiii ^ 

HIGH-SPEED CMOS 

IDT54AHCT521 

ippi m 

• 8-BIT IDENTITY 


O 

Integrated DeviceTechnology. Inc. 

COMPARATOR 



FEATURES: 

• Equivalent to ALS speeds and output drive overfull temperature 
and voltage supply extremes 

• 9ns typical propagation delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• 8-bit identity comparator 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT521 is an 8-bit identity comparator built using 
advanced CEMOS ™ , a dual metal CMOS technology. The device 
compares two words of up to eight bits each and provides a LOW 
output when the two words match bit for bit. The expansion input 
Ia = b also serves as an active LOW enable input. 


PIN CONFIGURATIONS 


FUNCTIONAL BLOCK DIAGRAM 



Vcc 

°A = B 

B 7 

A 7 

Be 

a 6 

b 5 

A5 

B4 

Ai 


DIP/CERPACK 
TOP VIEW 



topwew 


b 7 

a 7 

b 6 

A 6 

b 5 




!l — 

( 2 

■» — 







-t> 


~> 


fc)I> 


o 


Ia = b 




J O °A = E 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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IDT54AHCT521 HIGH-SPEED 
CMOS 8-BIT IDENTITY COMPARATOR 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

EH 


Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

a 

Ta 

Operating Temperature 

-55 to +125 

■a 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

'out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (T a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER' 1 ) 

CONDITIONS 

ua 


jUjjflffl 

C IN 

Input Capacitance 


6 

m 

PF 

>12111 

Output Capacitance 

I V OUT =0V I 

8 

wm 

mm 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55°Cto +125°C 
V cc = 5.0V ± 10% 

V LC = 0.2V 
Vhc= V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS W 

MIN. 

typ.' 2 > 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

ma 

VlL 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

wn 

•|H 

Input HIGH Current 

Vcc = Max.,V 1N = V cc 

- 

- 

5 

pA 

l|L 

Input LOW Current 

V cc = Max..V, N = GND 

- 


-5 

pA 

•sc 

Short Circuit Current 

Vcc = Max.' 3 ) 

-60 

120 

- 

mA 


Output HIGH Voltage 

V cc = 3V, V, N = V LC or V HC , l 0H = -32pA 

IQS 

— 

- 

■ 


Iqh — — 300jjA 

V HC 

Vcc 


'oh = -12mA 

o 

mm 

- 

B 

Output LOW Voltage 

Vcc = 3V, Vin = V 1C or V HC , I 0 l = 300pA 

- 

GND 

■9 



1 CL = 300pA 

- 

GND 

V L c 

Iql = 14mA 

- 

- 

KZI 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, + 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT521 HIGH-SPEED 

CMOS 8-BIT IDENTITY COMPARATOR MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC =V CC -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. <2> 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vcc = Max. 

v in 5 V HC ; \^ N < V LC 

f, = 0 

■ 

0.001 

1.5 

mA 

•cct 

Power Supply Current Per TTL 

Inputs HIGH 

V cc = Max. 

V IN = 3.4V< 3 ) 

- 

0.5 

2.0 

mA 

H 

Dynamic Power Supply Current <5) 

V cc = Max. 

Output Open 

One Input Toggling 
50% Duty Cycle 

V|N & V HC 

Vn £ V LC 

■ 

0.15 

0.25 

mA/MHz 

■ 

Total Power Supply Current (4) 

Vcc = Max. 

Output Open 
f, = 1.0MHz, 

50% Duty Cycle 

On Bit Toggling 

V|N > V H C 

V,N < V LC (AHCT) 

■ 

0.15 

1.8 

mA 

V IN = 3.4V or 
= GND 

■ 

0.4 

2.8 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 5 .OV. +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4- Ice = Quiescent + •inputs + •dynamic 

•cc = *000 + Icct D h N t + l CC o (fcp/2 + f|N |) 

•cco = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V ]N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

•cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
Nj = Number of Inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 



H = HIGH Voltage Level 
L = LOW Voltage Level 
*Aq = Bq, Aj = B} , A 2 — B 2 , etc. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION™ 

TYP. 

MIN.™ 

MAX. 

UNIT 

|PLH 

'PHL 

Propagation Delay 

A n or B n to _ b 

C L = 50pF 

9.0 

- 

17.0 

ns 

l PLH 

*PHL 

Propagation Delay 
•a = b lo Qa = 8 

R l = 5000 

5.0 

- 

11.0 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 
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IDT54AHCT521 HIGH-SPEED 
CMOS 8-BIT IDENTITY COMPARATOR 


ORDERING INFORMATION 


IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 



MILITARY TEMPERATURE RANGE 


MIL-STD-883. Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

8-Bit Identity Comparator 
-55°C to + 125°C 
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01 

HIGH-SPEED CMOS IDT54AHCT533 

/^/^T A 1 TnAMOHAnCMT 

'I 

Integrated De\ 

/ice Technology. Inc. 

OCTAL TRANSPARENT 

LATCH (3 : STATE) 


FEATURES: 

• Equivalent to ALS speeds and output drive over full temperature 
and voltage supply extremes 

• 11ns typical clock to output 

• | 0L = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal transparent latch with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT533 are octal transparent latches built using ad- 
vanced CEMOS™, a dual metal CMOS technology. The 
IDT54AHCT533 consists of eight latches with 3-state outputs for 
bus organized system applications. The flip-flops appear transpar- 
ent to the data when Latch Enable (LE) is HIGH. When LE is LOW, 
the data that meets the set-up times is latched. Data appears on the 
bus when the Output Enable ( OE) is LOW. When OE is H I GH , the 
bus output is in the high impedance state. 


PIN CONFIGURATIONS 



Vcc 

o 7 

D 7 

d 6 

S 6 

O s 

0 5 

D 4 

0 4 

LE 



DIP/CERPACK 
TOP VIEW 


LCC 

TOP VIEW 


D 7 

De 

o 6 

0 5 

D s 


FUNCTIONAL BLOCK DIAGRAM 

D 0 D, 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


198 7 Integrated Device Technology, Inc. 


DSC-4053/- 





1DT54AHCT533 HIGH-SPEED CMOS 

OCTAL TRANSPARENT LATCH (3-STATE) MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS m 


SYMBOL 

RATING 

VALUE 


V TERM 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 


T a 

Operating Temperature 

-55 to +125 

°c 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25°c,f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

on 


Iffll 

C|N 

Input Capacitance 

v IN = ov 

6 

■a 

pF 

Gout 

Output Capacitance 

V 0U T= 0V 

8 

ta 

M3I 


NOTE: 

1. This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55° C to + 125°C 
V cc = 5.0V ± 10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS M 

MIN. 

typ.< 2 > 

MAX. 

UNIT 

iHEflH 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 


- 

0.8 

V 

•iH 

Input HIGH Current 

Msc = Max.,V 1N = Vcc 

- 

- 

5 

pA 

•iL 

Input LOW Current 

V cc = Max..V| N = GND 

- 

- 

-5 

pA 

D 

Off State (High Impedance) 

Output Current 

Mcc — Max. 

Md ~ Msc 

- 

- 

10 

pA 


- 

- 

-10 

•sc 

Short Circuit Current 

V cc = Max.< 3) 

-60 

-100 

- 

mA 

V 0 H 

Output HIGH Voltage 

Mcc = 3V. y N = V LC or V HC , l 0H = -32pA 

ESI 

v cc 

- 

V 

V C c = Min. 

Mn = Mh or M l 

l 0H = -150pA 

E9 

v cc 

- 

•oh = -1.0mA 

■ 

am 

- 

Mcc - 3V, V iN - V LC or V H q , Iql — 300pA 


GND 

mm 

V 


Output LOW Voltage 

V cc = Min. 

Mn = Mh or Ml 

lot = 300pA 

- 

GND 

Vlc 

l 0L = 14mA 

- 

- 

0.4 


NOTES: 

1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT533 HIGH-SPEED CMOS 
OCTAL TRANSPARENT LATCH (3-STATE) 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V cc -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

TY P. <2) 

MAX. 

UNIT 

•cCQ 

Quiescent Power Supply Current 

V cc = Max. 

v in S V HC ; V !N < V LC 

f, = o 

- 

0.001 

1.5 

mA 

•cCT 

Power Supply Current Per TTL 

Inputs HIGH 

V cc = Max. 

V| N = 3.4 V < 3 > 

- 

0.5 

2.0 

mA 

•ccd 

Dynamic Power Supply Current < 5 > 

V cc = Max. 

Outputs Open 

OE = GND 

LE= Vcc 

One Input Toggling 
50% Duty Cycle 

V|N > V hc 

V| N S V LC 

- 

0.15 

0.25 

m A/M Hz 



Vcc = Max. 

Outputs Open 
f, = 1.0MHz, 

50% Duty Cycle 

OE = GND 

LE = V cc 

One Bit Toggling 

V| N > Vhc 

Vn S V LC (AHCT) 

- 

0.15 

1.8 


•cc 

Total Power Supply Current (4) 

Vin = 3.4V 
or 

V INI = GND 

- 

0.4 

2.8 

mA 

Vcc = Max- 
Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE = GND 

LE = V cc 

Eight Bits Toggling 

Vjn > V HC 

Mn < V LC (AHCT)* 6 * 

- 

0.3 

2.0 



V iN = 3.4V 
or 

V, N = GND 

- 

2.3 

10.0 



NOTES: 

1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V cc or GND. 

4 - f cc ~ •quiescent + •inputs + •dynamic 

•cc = *000 + •cct D H Nt + •ccd ( f cp/2 + f( N , ) 

•cco = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL Inputs at D H 

•cco = Dynamic Current caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f, = Input Frequency 
N, = Number of Inputs at f, 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 




IDT54AHCT533 HIGH-SPEED CMOS 
OCTAL TRANSPARENT LATCH (3-STATE) 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


INPUTS 

OUTPUTS 

Dn 

LE 

OE 

On 

H 

H 

L 

L 

L 

H 

L 

H 

X 

X 

H 

Z 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


PIN NAMES 

DESCRIPTION 

WmM 

Data Inputs 

Latch Enable Input (Active HIGH) 

Output Enable Input (Active LOW) 
Complementary 3-State Outputs 


Z = HIGH Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION* 1 * 

TYP. 

MIN. <2) 

MAX. 

UNIT 

VlH 

Vhl 

Propagation Delay 

D n to 0 n 


11.0 

1.5 

24.0 

ns 

JZH 

l ZL 

Output Enable 

Time 


15.0 

1.5 

20.0 

ns 

Jhz 

l LZ 

Output Disable 

Time 


11.0 

1.5 

22.0 

ns 

JPLH 

Vhl 

Propagation Delay 

LE to O n 

C L = 50pF 
R l = 5000 

15.0 

2.0 

28.0 

ns 

V 

Set-up Time 

HIGH or LOW 

D n to LE 

7.0 

15.0 

- 

ns 

t H 

Hold Time 

HIGH or LOW 

D n to LE 


5.0 

1.5 

- 

ns 

t w 

LE Pulse Width 

HIGH or LOW 


7.0 

15.0 

- 

ns 


NOTES: 


1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT XXXX X X 

Temp. Range Device Type Package Process 


B 

D 

L 

E 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Octal Transparent Latch (3-state) 


-j 533 
1 54 


-55° C to + 125°C 































































HIGH-SPEED CMOS 

IDT54AHCT534 

OCTAL D FLIP-FLOP 


(3-STATE) 

V 


FEATURES: 

• EquivalenttoALSspeedsandoutputdriveoverfull temperature 
and voltage supply extremes 

• 10ns typical clock to output 

• Iol = 14mA overfull military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Octal D flip-flop with 3-state output 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT534 are high-speed, low-power octal D-type 
flip-flops featuring separate D-type inputs for each flip-flop and 
3-state outputs for bus-oriented applications. A buffered Clock 
(CP) and Output Enable (OE) are common to all flip-flops. 

They are built using IDT’s advanced CEMOS™, a dual metal 
CMOS technology. 


PIN CONFIGURATIONS 



Vcc 

©7 

d 7 

d 6 

<5 6 

D 5 

°4 

CP 


DIP/CERPACK 
TOP VIEW 



FUNCTIONAL BLOCK DIAGRAM 


D 0 D, D 2 D 3 D 4 Ds D 6 D/ 



O 0 O4 O5 Ug O7 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT54AHCT534 HIGH-SPEED 
CMOS OCTAL D FLIP-FLOP (3-STATE) 


ABSOLUTE MAXIMUM RATINGS 

0) 


SYMBOL 

RATING 

VALUE 

UNIT 

V TERM 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

T a 

Operating Temperature 

-55 to +125 

°C 

Tbias 

Temperature Under Bias 

-65 to +135 

°C 

Tstg 

Storage Temperature 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

W 

■out 

DC Output Current 

120 

mA 

NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
I N GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (T A = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

Vin = 0V 

6 

10 

pF 

C 0UT 

Output Capacitance 

V OU T= 0V 

8 

12 

pF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified: 
T a = -55°Cto +125°C 
V CC = 5 - 0V ± 10% 

V LC = 0.2V 

Vhc=Vcc-°- 2V 


SYMBOL PARAMETER 


OVER OPERATING RANGE 



Input HIGH Level 


Input LOW Level 


Input HIGH Current 


Input LOW Current 


Off State (High Impedance) 
Output Current 


Short Circuit Current 


Output HIGH Voltage 


Output LOW Voltage 


TEST CONDITIONS (1) 


Guaranteed Logic High Level 


Guaranteed Logic Low Level 


cc - Max.,V| N - V cc 


cc Max.,V| N — GND 


MIN. TYP.' ' MAX. UNIT 



- 3V, V| N - V LC or V HC , l 0H — 32pA 


0H = -150pA 


V cc = Min. 

Vin = Vih or V 1L 


IE 


oh = -1.0mA 


Vqc _ 3V, V IN - V LC or V HC .I 0L - 300pA 


0L = 300pA 




1 . For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT534 HIGH-SPEED 
CMOS OCTAL D FLIP-FLOP (3-STATE) 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = Vcc-0.2 V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 2 3 * ' 

MIN. 

typ. (2) 

MAX. 

UNIT 

D 

Quiescent Power Supply Current 

Vqq — Max. 

v iN > V HC ; V| N < V LC 

*CP = *1 = 0 

■ 

0.001 

1.5 

mA 


Power Supply Current Per TTL 

Inputs HIGH- 

Vcc = Max 

V 1N = 3.4V (4) 

- 

0.5 

2.0 

mA 

'ccd 

Dynamic Power Supply Current (5) 

Vcc = Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 



0.15 

0.25 

mA/MHz 

'cc 

Total Power Supply Current (4 > 

Vcc = Max. 

Outputs Open 
f CP = 1.0MHz. 

50% Duty Cycle 

OE = GND 

One Bit Toggling 
at f, = 500kHz 

50% Duty Cycle 

Mn > V hc 

V|n s V LC (AHCT) 


0.15 

1.8 

mA 

Vin = 3.4V 
or 

V IN = GND 


0.65 

3.8 

Vcc = Max. 

Outputs Open 
f CP = 1.0MHz. 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 
at f | = 250kHz 

50% Duty Cycle 

V|N > V H c 

V,N < V LC (AHCT)' 6 ' 


0.63 

2.2 

V, N = 3.4 V' 6 ) 
or 

V !N = GND 


2.88 

11.2 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V. +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at Vqq or GND. 

4 - 'cc = Quiescent + Inputs + 'dynamic 

'cc = 'cCQ + 'cCT + 'cCD ( f Cp/2 + f| N ,) 

'cco = Quiescent Current 

'cct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N t = Number of TTL Inputs at D H 

I cco = Dynamic Current Caused by an Input Transition Pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N| = Number of Inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the Iqq formula. These limits are guaranteed but not tested. 










































IDT54AHCT534 HIGH-SPEED 
CMOS OCTAL D FLIP-FLOP (3-STATE) 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

Do -D 7 

CP 

OE 

o„ - 67 

Data Inputs 

Clock Pulse Input (Active Rising Edge) 

3-State Output Enable Input (Active LOW) 
Complementary 3-State Outputs 


TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 


CP 

D, 

On 

Q| 


H 

L 

X 

Z 

NC 


H 

H 

X 

z 

NC 


L 

_jf- 

L 

H 

L 

LOAD 

L 


H 

L 

H 

REGISTER 

H 

_y 

L 

Z 

L 


H 


H 

z 

H 


H = 
L = 
X = 

z = 


HIGH 

LOW 

Don’t Care 
High Impedance 
LOW-to-HIGH transition 


NC = No Change 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 * 

TYP. 

MIN. (2) 

MAX. 

UNIT 

*PLH 

‘PHL 

Propagation Delay 

CP to O n 


10.0 

2.0 

18.0 

ns 

; ZH 

l ZL 

Output Enable 

Time 


11.0 

1.5 

20.0 

ns 

m 

Output Disable 

Time 

C L = 50pF 

R L = 5000 

11.0 

1.5 

16.0 

ns 


Set-up Time 

HIGH or LOW 

D n to CP 

2.0 

10.0 

- 

ns 


Hold Time 

HIGH or LOW 

D n to CP 


0.5 

1.5 

- 

ns 

t w 

CP Pulse Width 

HIGH or LOW 


7.0 

16.0 

- 

ns 


I NOTES: 

! 1. See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 



MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Octal D Flip-Flop (3-state) 
-55 °C to +125°C 
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HIGH-SPEED CMOS 
OCTAL TRANSPARENT 
LATCH 


IDT54AHCT573 


FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 10ns typical data to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 >jA max.) 

• Octal transparent latch with enable 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT573 are 8-bit latches built using advanced 
CEMOS ™, a dual metal CMOS technology. These octal latches 
have 3-state outputs and are intended for bus-oriented applica- 
tions. The flip-flops appear transparent to the data when Latch En- 
able (LE) is HIGH. When LE is LOW, the data that meets the set-up 
times are latched. Data appears on the bus when the Output En- 
able (OE) is LOW. When OE is HIGH, the bus output is in the high 
impedance state. 


PIN CONFIGURATIONS 



Vcc 

O 0 

0, 

0 2 

0 3 

0 4 

0 5 

0 6 

0 7 
LE 


DIP/CERPACK 
TOP VIEW 




CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE ~ DECEMBER 1987 


1987 Inlegrated Device Technology, Inc. 


10-269 


DSC-4055/- 













IDT54AHCT573 HIGH-SPEED CMOS 
OCTAL TRANSPARENT LATCH 


ABSOLUTE MAXIMUM RATINGS m 



RATING 

VALUE 

1HMV1 


Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

D 

Ta 

Operating Temperature 

-55 to +125 

| 

"•bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

birr 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY TEMPERATURE RANGE 


CAPACITANCE (T A = + 25 ° c, f = i.omhz) 


SYMBOL 

PARAMETER °> 

CONDITIONS 


E222 

rm 

C IN 

Input Capacitance 

V=ov 

6 

■a 

PF 

c oirr 

Output Capacitance 

^OUT = 0V 

8 


m i 


NOTE: 


1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55° C to +125°C 
V cc = 5.0V + 10% 

V LC = 0.2V 
V H c=Vcc-0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

_< 

X 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

mm 

Xl 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

ma 

•lH 

Input HIGH Current 

Vcc = Max., V|N = V C c 

- 

- 

5 

pA 

IlL 

Input LOW Current 

V cc = Max.. V, N = GND 

- 

_ 

-5 

pA 

•oz 

Off State (High Impedance) 

Output Current 

V c c = Max. 

o 

& 

II 

£ 

- 

- 

mm 

pA 

Vo = GND 

- 

- 

mem 

•sc 

Short Circuit Current 

V cc = Max. (3) 

-60 

-100 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V, V IN = V LC or V HC , l 0H = "32 pA 


o< 

o 

- 

V 


| 0H = -150pA 

roil 

Vcc 

- 

Iqh = “1 .0mA 

msm 

mm 

- 

Xai 

Output LOW Voltage 

Vcc = 3V, V m = V LC or V HC , l 0L = 300 pA 

- 

GND 

Vlc 

V 

V cc = Min. 

Vin = V|h or V (L 

•ol = 300pA 

~ 

GND 

Vlc 

•ol = 14mA 

- 

T 

_Q- 4 


NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT573 HIGH-SPEED CMOS 

OCTAL TRANSPARENT LATCH MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 


V LC = 0.2V; \^ c = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 ’ 

MIN. 

typ. <2> 

MAX. 

UNIT 

B 

Quiescent Power Supply Current 

V cc = Max. 

V|N ^VhcIXn - 

f, = 0 

■ 

0.001 

1.5 

mA 

•cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V IN = 3.4V< 3 > 


0.5 

2.0 

mA 

1 

Dynamic Power Supply Current* 5 ’ 

Vcc= Max. 

Outputs Open 

OE = GND 

LE = V cc 

One Bit Toggling 

50% Duty Cycle 

V 1N 5 V HC 

V,N < V LC 


0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
fi = 1.0MHz 

50% Duty Cycle 

OE = GND 

LE = Vcc 

One Bit Toggling 

V|N > V HC 

V|N S V LC 
(AHCT) 

■ 

0.15 

1.8 


•cc 

Total Power Supply Current* 4 ’ 

V 1N = 3.4V or 

V IN = GND 

■ 

0.4 

2.8 

mA 



V cc = Max. 

Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE = GND 

LE = V cc 

Eig(it Bits Toggling 

V,n > V HC < 6) 

V|N < V LC 
(AHCT) 

■ 

wm 

2.0 




■ 

2.3 

10.0 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at V^ or GND. 

4. Ice = I QUIESCENT + •inputs + ^DYNAMIC 

•cc = *000 + •cCT D H ^T + •cCD (’cP^ + f| N ,) 

•cco = Quiescent Current 

•cct = Power Supply Current for a TTL High Input (V IN = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL inputs at D h 

I ccd = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the Icc formula. These limits are guaranteed but not tested. 
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IDT54AHCT573 HIGH-SPEED CMOS 
OCTAL TRANSPARENT LATCH 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


INPUTS 

OUTPUTS 

Dn 

LE 

OE 

On 

H 

H 

L 

. H 

L 

H 

L 

L 

X 

X 

H 

Z 


PIN NAMES 

DESCRIPTION 

d 0 -d 7 

Data Inputs 

LE 

Latch Enables Input (Active HIGH) 

OE 

Output Enables Input (Active LOW) 

O 0 -O 7 

3-State Latch Outputs 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
2 = High Impedance 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 0 ’ 

TYP. 

min. (2) 

MAX. 

UNIT 

'pih 

tPHL 

Propagation Delay 

D n to 0 N 

C L = 50pF 

R l = 5000 

10.0 

1.5 

15.0 

ns 

tZH 

tzL 

Output Enable 

Time 

15.0 

1.5 

21.0 

ns 

tHZ 

tiz 

Output Disable 

Time 

9.0 

1.5 

15.0 

ns 

tpLH 

tpHL 

Propagation Delay 

LE to 0 N 

20.0 

2.0 

27.0 

ns 


Set Up Time 

HIGH or LOW 

D N to LE 

4.0 

2.0 

- 

ns 

*H 

Hold Time 

HIGH or LOW 

D n to LE 

3.0 

1.8 

- 

ns 

»W 

LE Pulse Width 

HIGH or LOW 

7.0 

5.0 

- 

ns 


NOTES: 


1. See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT 
Temp. Range 


XXXX X X 

Device Type Package Process 



-| 54 


MIL-STD-883, Class B 
CERDIP 

Leadless Chip Carrier 
CERPACK 

Octal Transparent Latch 
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HIGH-SPEED CMOS 

IDT54AHCT574 

OCTAL D REGISTER 


(3-STATE) 



FEATURES: 

• Equivalent to ALS speeds and output drive over full 
temperature and voltage supply extremes 

• 10ns typical address to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• Octal D register (3-state) 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT574 are 8-bit registers built using advanced 
CEMOS ™, a dual metal CMOS technology. These registers con- 
sist of eight D-type flip-fiops with a buffered common clock and 
buffered three-state output control. When the output enable (OE) 
input is LOW, the eight outputs are enabled. When the OE input is 
HIGH, the outputs are in the three-state condition. 

Input data meeting the set-up and hold time requirements of the 
D inputs is transferred to the O outputs on the LOW-to-HIGH transi- 
tion of the clock input. 


PIN CONFIGURATIONS 



o 0 

O, 

0 2 

°3 

0 4 

0 5 

0 6 

o 7 

CP 



DIP/CERPACK 
TOP VIEW 


FUNCTIONAL BLOCK DIAGRAM 

Do D, 


TOPV?EW 




CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY TEMPERATURE RANGE DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 


10-273 


DSC-4056/- 













IDT54AHCT574 HIGH-SPEED 
CMOS OCTAL D REGISTER (3-STATE) 


MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


KTfRSH 

RATING 

VALUE 

HIEfTl 

^ppff 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

D 

Ta 

Operating Temperature 

-55 to +125 

■9 

t bias 

Temperature Under Bias 

-65 to + 135 

°C 

t stg 

Storage Temperature 

-65 to +150 

°C 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = +25 °c. f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 




C IN 

Input Capacitance 

§ 

ii 

z 

> 

6 

IB 

pF 

Gout 

Output Capacitance 

Vqut _ 0V 

8 

■a 

EB 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55° C to +125°C 
Vcc = 5.0V ± 10% 


SYMBOL 

PARAMETER 

TEST CONDITIONS* 1 * 

MIN. 

TYP.' 2 * 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

mm 

Ml 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 


•lH 

Input HIGH Current 

Msc = Max.,V| N = V C c 

- 

- 

5 

pA 

•lL 

Input LOW Current 

V cc = Max..V, N = GND 

- 

- 

-5 

pA 

•oz 

Off State (High Impedance) 

Output Current 

V cc = Max. 

Vo - Mac 

- 

- 

10 

pA 

V 0 = GND 

- 

- 

-10 

•sc 

Short Circuit Current 

Vcc " Max - <3) 

-60 

-120 

- 

mA 

VOH 

Output HIGH Voltage 

Mcc = 3V, V| N = V LC or Msc • Iqh = - 32pA 

m 

v cc 

- 

a 

1 5 

ii n 

l 0H = -150pA 

V HC 

Vcc 

- 

•oh = -1.0mA 

■ 

■a 

- 

g 

Output LOW Voltage 

Mcc = 3V, Mn = V LC or V HC , bi = 300pA 


GND 

Vlc 

V 

liftMMi 

•ol = SOOpA 

- 

GND 

Vlc 

l 0L = 14mA 

I 

- 

MSB 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT574 HIGH-SPEED 

CMOS OCTAL D REGISTER (3-STATE) MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V CC -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 * 

MIN. 

typ. (2) 

MAX. 

UNIT 

n 

Quiescent Power Supply Current 

Vqq — Max. 

v in 5 V HC ; V, N < V LC 

f CP = f, = 0 

B 

0.001 

1.5 

mA 

'cct 

Quiescent Power Supply Current 
TTL Inputs HIGH 

V cc = Max. 

V 1N = 3.4V' 3 * 

- 

0.5 

2.0 

mA 

■ 

Dynamic Power Supply Current' 5 * 

V cc = Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

V|N > V HC 

V,N S V LC 


0.15 

0.25 

m A/M Hz 



V cc = Max. 

Outputs Open 
f CP = 1.0MHz, 

50% Duty Cycle 

V IN S V HC 

V|N - V LC 

(AHCT) 

■ 

0.15 

1.8 



Total Power Supply Current' 4 * 

OE = GND 

One Bit Toggling 
at f, = 500kHz 

50% Duty Cycle 

V IN = 3.4V 
or 

V IN = GND 

B 

0.65 

3.8 

mA 

■cc 

Vcc = Max. 

Outputs Open 
fcp — 1.0MHz, 

50% Duty Cycle 

V,n > V H c' 6 * 

V| N < V LC 
(AHCT) 

B 

0.63 

2.2 



OE = GND 

Eight Bits Toggling 
at f, = 250kHz 

50% Duty Cycle 

V, N = 3.4V' 6 * 
or 

V 1N = GND 

B 

2.88 

11.2 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc - 5 ,0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V 1N = 3.4V); all other inputs at V cc or GND. 

4 - *CC = 1 QUIESCENT + 'iNPUTS + 1 DYNAMIC 

*CC = *CCO + *CCT D H Nt + I CCD (*CP + f|N i) 

l C co = Quiescent Current 

I C ct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL inputs High 
N t = Number of TTL inputs at D h 

•ccd = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f CP = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
Ni = Number of inputs at f | 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 
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IDT54AHCT574 HIGH-SPEED 
CMOS OCTAL D REGISTER (3-STATE) 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INTERNAL 


CLOCK 

D, 

o, 

0| 


H 

L 

mm 

Z 

NC 


H 

H 

mm 

z 

NC 


L 


L 

L 

L 

LOAD 

L 

y 

H 

H 

H 

REGISTER 

H 

__ y 

L 

Z 

L 


H 


H 

z 

H 


| PIN NAMES | 

DESCRIPTION 


The D flip-flop data inputs. 

Kli 

Clock Pulse for the register. Enters data on the 
LOW-to-HIGH transition. 

- ■ 

The register three-state outputs. 

OE 

Output Control. An active-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the outputs to the high impedance (off) 
state. 


H = HIGH 
L = LOW 
X = Don’t Care 
Z = High Impedance 
y~ = LOW-to-HIGH transition 
NC = No Change 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION™ 

TYP. 

MIN.™ 

MAX. 

UNIT 

jpLH 

l PHL 

Propagation Delay 

CP to 0 N 


10.0 

2.0 

15.0 

ns 

[ZH 

l ZL 

Output Enable 

Time 


11.0 

1.5 

21.0 

ns 

891 

Output Disable 

Time 

C L = 50pF 

R L = 5000 

9.0 

1.5 

15.0 

ns 

*s 

Set-up Time 

HIGH or LOW 

D n to CP 

2.0 

2.0 

- 

ns 


Hold Time 

HIGH or LOW 

D N to CP 


0.5 

1.5 

- 

ns 

t w 

CP Pulse Width 

HIGH or LOW 


10.0 

6.0 

- 

ns 


NOTES: 

1 . See test circuit and waveforms. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 



B MIL-STD-883, Class B 

D CERDIP 

L Leadless Chip Carrier 

E CERPACK 

574 Octal D Register (3-state) 

54 -55°C to + 125°C 
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FEATURES: 

• Equivalent to ALS speeds and output drive over full temperature 
and voltage supply extremes 

• 10ns data to output 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5 jjA max.) 

• Inverting buffer transceiver 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT640 are 8-bit inverting buffer transceivers built 
using advanced CEMOS ™, a dual metal CMOS technology. These 
octal bus transceivers are designed for asynchronous two-way 
communication between data buses. The devices transmit data 
from the A bus to the B bus or from the B bus to the A bus, depend- 
ing upon the level at the direction control (T/R) input. The enable 
input (OE) can be used to disable the device so the buses are effec- 
tively isolated. 



MILITARY TEMPERATURE RANGE 


DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT54AHCT640 HIGH-SPEED CMOS 

OCTAL INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) CAPACITANCE (T A = + 25°c, f = i.omhz) 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T A = -55°C to + 125°C 
V cc = 5.0V + 10% 

V LC = 0.2V 
V H c= V cc -°- 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0 ’ 

MIN. 

typ. (2) 

MAX. 

UNIT 

V|H 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

w 

V,u 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 


•lH 

Input HIGH Current 
(Except I/O Pins) 

Vcc = Max- V, N = V cc 

- 

B 

5 

pA 

l,L 

Input LOW Current 
(Except I/O Pins) 

V cc = Max., V IN = GND 

- 

B 

-5 

pA 

'lH 

Input HIGH Current 
(I/O Pins) 


B 

B 

15 

pA 

IlL 

Input LOW Current 
(I/O Pins) 

Vcc = Max., V| = GND 

B 

B 

-15 

pA 

Isc 

Short Circuit Current 

Vcc = Max. (3) 

-60 

-100 

- 

mA 

VoH 

Output HIGH Voltage 

Vcc = 3V, V IN = V LC or V HC , Iqh = -32 pA 

El 

■9 

- 

1 

Vcc = Min. 
v in _ v iH or V| L 

’oh — 150pA 

B9 

E9 

- 

Iqh — -12mA 

WSM 

mm 

- 

V OL 

Output LOW Voltage 

Vcc = 3V. V, N = V LC or V HC , l 0L = 300 pA 

- 

GND 

Vic 

1 

K5BM 

’ol = 300pA 

- 

GND 

Vlc 

l 0L = 14mA 

- 

_ 

0.4 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.ov, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 


SYMBOL 

RATING 

VALUE 

UNIT 

v term 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

T a 

Operating Temperature 

-55 to +125 

°C 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstg 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

■out 

DC Output Current 

120 

mA 


SYMBOL 

PARAMETER 0 ’ 

| conditions| 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

> 

o 

II 

2 

> 

6 

10 

pF 

^OUT 

Output Capacitance 

| ^OUT= 0V j 

8 

12 

PF 
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IDT54AHCT640 HIGH-SPEED CMOS 

OCTAL INVERTING BUFFER TRANSCEIVER MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; \^ c = Vcc-0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1> 

MIN. 

typ. <2) 

MAX. 

UNIT 

H 

Quiescent Power Supply Current 

Vqq — Max. 

v 1N >v hc :Mn < M.c 

f. = o 

■ 

0.001 

1.5 

mA 

'CCT 

Quiescent Power Supply Current 
TTL Inputs HIGH 

Vcc = Max. 

V| N = 3.4V(3> 

D 


2.0 

mA 

■ 

(5) 

Dynamic Power Supply Current 

V C c= Max. 

Outputs Open 

OE = GND 

T/R = GNDorNfcc 

One Input Toggling 

50% Duty Cycle 

V, N > V HC 

V|N 5 V LC 

i 

0.15 

0.25 

mA/ 

MHz 



Vcc = Max. 

Outputs Open 
f, = 1.0MHz 

50% Duty Cycle 

OE = GND 

One Bit Toggling 

V,N £ Mhc 

V IN £ MjC 

(AHCT) 

■ 

0.15 

1.8 



Total Power Supply Current (4) 

1 

■ 

B 

2.8 

mA 

•cc 

Vcc = Max. 

Outputs Open 
f, = 250kHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 

o o 

>*>p 

Al VI O 


0.3 

2.0 


.. . 



2.3 

10.0 



NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc - 1 2 3 * 5 6 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V, N = 3.4V); all other inputs at V cc or GND. 

4 - 'cc = Quiescent + Inputs + Dynamic 

Ice = Icco + 'cot D H + I CCD (*Cp/2 + f| N |) 
l C co = Quiescent Current 

Icct = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL inputs at D H 

I cco = Dynamic Current caused by an input Transition pair {HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
f| = Input Frequency 
N| = Number of inputs at f, 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l cc formula. These limits are guaranteed but not tested. 








































IDT54AHCT640 HIGH-SPEED CMOS 
OCTAL INVERTING BUFFER TRANSCEIVER 


DEFINITION OF FUNCTIONAL TERMS 


PIN NAMES 

DESCRIPTION 

OE 

Output Enable Input (Active LOW) 

T/R 

Transmit/Receive Input 

A 0 -A 7 

Side A Inputs or 3-State Outputs 

b 0 -b 7 

Side B Inputs or 3-State Outputs 


MILITARY TEMPERATURE RANGE 


TRUTH TABLE 


INPUTS 

OPERATION 

OE 

T/R 

L 

L 

Bus B Data to Bus A 

L 

H 

Bus A Data to Bus B 

H 

X 

Isolation 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION™ 

TYP. 

MIN.™ 

MAX. 

UNIT 

*PLH 

tpHL 

Propagation Delay 

A to B 

B to A 

C L = 50pF 

R l = 5000 

10.0 

1.5 

14.0 

ns 

tzH 

< 2 ,. 

Output Enable 

Time 

15.0 

1.5 

27.0 

ns 

*HZ 

tLZ 

Output Disable 

Time 

12.0 

1.5 

20.0 

ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 


ORDERING INFORMATION 


IDTXXAHCT 
Temp. Range 


XXXX X X 

Device Type Package Process 


] B MIL-STD-883, Class B 

D CERDIP 

■ L Leadless Chip Carrier 

E CERPACK 

■j 640 Octal Inverting Buffer Transceiver 

-| 54 -55°C to +125°C 
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FEATURES: 

• Equivalent to ALS speeds and output drive over full temperature 
and voltage supply extremes 

• 8ns typical data to output delay 

• Iol = 14mA over full military temperature range 

• CMOS power levels (5pW typ. static) 

• Both CMOS and TTL output compatible 

• Substantially lower input current levels than ALS (5pA max.) 

• Non-inverting buffer transceiver 

• JEDEC standard pinout for DIP and LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT54AHCT645 are 8-bit non-inverting buffer transceivers 
built using advanced CEMOS ™, a dual metal CMOS technology. 
These non-inverting buffer transceivers are designed for asynchro- 
nous two-way communication between data buses. The devices 
transmit data from the A bus to the B bus or from the B bus to the A 
bus, depending upon the l/74evel at the direction control (T/R) in- 
put. The enable input ( OE) can be used to disable the device so the 
buses are effectively isolated. 



MILITARY TEMPERATURE RANGE 


DECEMBER 1987 

© 1987 Integrated Device Technology, Inc. 
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IDTS4AHCT645 HIGH-SPEED CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1> 


SYMBOL 

RATING 

VALUE 

UNIT 

V TERM 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

-55 to +125 

°c 

t bias 

Temperature Under Bias 

-65 to +135 

°c 

Tstq 

Storage Temperature 

-65 to +150 

°c 

Pt 

Power Dissipation 

0.5 

w 

•out 

DC Output Current 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
I N GS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


CAPACITANCE (T a = + 25 °c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

V,N=0V 

6 

10 

pF 

CoUT 

Output Capacitance 

Vour= 0V 

8 

12 

pF 


NOTE: 

1 . This parameter is measured at characterization but not tested. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55 °C to + 125°C 
Vcc = 5.0V ± 10% 

V LC = 0.2V 
Vhp. ~ Vpp _ 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 11 ) 

MIN. 

TYP.< 2) 

MAX. 

UNIT 

V,H 

Input HIGH Level 

Guaranteed Logic HIGH Level 

2.0 

- 

- 

V 

Ml 

Input LOW Level 

Guaranteed Logic LOW Level 

- 

- 

0.8 

V 

•iH 

Input HIGH Current 
(Except I/O Pins) 

Vcc ~ Max.,V|N = Vcc 

- 

- 

5 

pA 

•iL 

Input LOW Current 
(Except I/O Pins) 

V cc = Max.,V| N = GND 

D 

n 

-5 

P A 

•iH 

Input HIGH Current (I/O Pins) 

V cc = Max. 

M - V cc 

- 

- 

15 

pA 

'lL 

Input LOW Current (I/O Pins) 

V cc = Max. 

V, = GND 

- 

- 

-15 

pA 

•sc 

Short Circuit Current 

V cc = Max.* 3 ) 

-60 

-100 

- 

mA 

mom 

Output HIGH Voltage 

Vcc = 3V, Vi N = V LC or V HC , l 0H = -32pA 

mm 

v cc 

- 

■ 

E3 j | | 

l 0H = - 15 °MA 

V HC 

Vcc 

- 

l 0H = -12mA 

m i 

4.3 

- 

m 

Output LOW Voltage 

Mcc ~ 3V, V| N - V LC or Mhc > Iql _ 300jjA 

- 

GND 

Me 

V 

ll 

ii n 

| 0L = 300jjA 

- 

GND 

V LC 

I ol = 14mA 



- 

mm 


NOTES: 


1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V. +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 
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IDT54AHCT645 HIGH-SPEED CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY TEMPERATURE RANGE 


POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; V HC = V CC -0.2V 


PARAMETER 

TEST CONDITIONS (1) 

Quiescent Power Supply Current 

Vqq = Max. 

Mn > V HCi V IN S V LC 
f, = 0 

Power Supply Current Per TTL 

Input HIGH 

V cc = Max. 

V| N = 3.4V< 3 ' 

Dynamic Power Supply Current < 5) 

V cc = Max. 

Outputs Open 

OE = GND 

T/R = GND or V cc 

One Input Toggling 

50% Duty Cycle 

Mn > V HC 

V IN - M.C 


V cc = Max- 
Outputs Open 
f, = 1.0MHz, 

V IN 5 V HC 

Mn S V LC (AHCT) 

Total Power Supply Current (4) 

50% Duty Cycle 

OE = GND 

One Bit Toggling 

Mn = 3.4V 
or 

V 1N = GND 

V cc = Max. 

Outputs Open 
f, = 250kHz 

Mn ^ v hc 

Mn ^ V LC (AHCT)' 6 ) 


50% Duty Cycle 

OE = GND 

Eight Bits Toggling 

V 1NI = 3.4V < 6 > 
or 

V IN = GND 


TYP. (2) 

MAX. 

UNIT 

0.001 

1.5 

mA 

0.5 

2.0 

mA 

0.15 

0.25 

mA/MHz 

0.15 

1.8 


0.4 

2.8 

0.3 

2.0 


2.3 

10.0 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V cc = 5.0V, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at Mqq or GND. 

4 - 'cc = 'quiescent + 'inputs + 'dynamic 

'cc = 'cCQ + 'cCT D h N t + Iccd (f CP /2 + f | N , ) 

'cco = Quiescent Current 

'cct = Power Supply Current for a TTL High Input (V !N = 3.4V) 

0 H = Duty Cycle for TTL inputs High 
N t = Number of TTL inputs at D H 

I cod = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f C p = ClockFrequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N, = Number of inputs at f. 

All currents are in milliamps and all frequencies are in megahertz. 

5. This parameter is not directly testable, but is derived for use in Total Power Supply calculations. 

6. Values for these conditions are examples of the l C c formula. These limits are guaranteed but not tested. 
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IDT54AHCT645 HIGH-SPEED CMOS 
NON-INVERTING BUFFER TRANSCEIVER 


MILITARY TEMPERATURE RANGE 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


INPUTS 

OPERATION 

OE 

T/R 

L 

L 

Bus B Data to Bus A 

L 

H 

Bus A Data to Bus B 

H 

X 

Isolation 


PIN NAMES 

DESCRIPTION 

OE 

Output Enable Input (Active LOW) 

■ 

Transmit/Receive Input 


Side A Inputs or 3-State Outputs 


Side B Inputs or 3-State Outputs 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


SYMBOL 

PARAMETER 

CONDITION 01 

TYP. 

MIN.® 

MAX. 

UNIT 

tpLH 

l PHL 

Propagation Delay 

A to B 

B to A 


8.0 

1.5 

15.0 

ns 

JZH 

l ZL 

Output Enable 

Time 

C L = 50pF 

R. = 5000 

15.0 

1.5 

25.0 

ns 

}hz 

l LZ 

Output Disable 

Time 


11.0 

1.5 

18.0 

ns 

JpLH 

rHL 

Propagation Delay 

T/R to A or B< 3 > 


15.0 

- 


ns 


NOTES: 

1 . See test circuit and waveform. 

2. Minimum limits are guaranteed but not tested on Propagation Delays. 

3. This parameter is guaranteed but not tested. 


ORDERING INFORMATION 


IDTXXAHCT 
Temp. Range 


XXXX 


X 


Device Type Package 


Process 


B 

MIL-STD-883, Class B 

D 

CERDIP 

L 

Leadless Chip Carrier 

E 

CERPACK 

645 

Non-inverting Buffer Transceiver 

54 

-55 °C to +125°C 
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COMMON WAVEFORM-LOGIC 


TEST CIRCUITS AND WAVEFORMS 


TEST CIRCUITS FOR THREE-STATE OUTPUTS 


Vcc 

O 


Pulse 

| V|M 



D.U.T. 

VoUT S 

J 

Generator 

n 


m 

[ 50pF 1 



0—9 7.0V 


C L > 5000 


SWITCH POSITION 


TEST 

SWITCH 

Open Drain 


Disable Low 

Closed 

Enable Low 


All Other Outputs 

Open 


DEFINITIONS 

C L = Load capacitance: includes jig and probe capacitance 
R t = Termination resistance: should be equal to 2 out of the 
Pulse Generator 


SET-UP, HOLD, AND RELEASE TIMES 


DATA 

INPUT 


TIMING 

INPUT 


7W 

7 ^ 

t su *■ 

" — S 

■'H 


\ 

/ 




3V 

1.5V 

0V 

3V 

1.5V 

0V 


ASYNCHRONOUS CONTROL 

PRESET 

CLEAR 

ETC 



3V 

1.5V 

OV 


SYNCHRONOUS CONTROL 


PRESET 
CLEAR 
CLOCK ENABLE 
ETC. 





3V 

1.5V 

OV 


PULSE WIDTH 


LOW-HIGH-LOW 

PULSE 


HIGH-LOW-HIGH 

PULSE 


10 



PROPAGATION DELAY 


ENABLE AND DISABLE TIMES 


ENABLE 


DISABLE 



3V 

1.5V 

0V 

Vqh 

1.5V 

Vol 

3V 

1.5V 

0V 


CONTROL 

INPUT 


OUTPUT 

DRMALLY 

LOW 


HIGH 



3V 

1.5V 

0V 

3.5V 

Vol 

Vqh 

0V 


NOTES: 

1 . Diagram shown for input Control Enable-LOW and input Control 
Disable-HIGH 

2. Pulse Generator for All Pulses: Rate < 1.0 MHz; Zo < 50fl; 
tp < 2.5ns; t R < 2.5ns 
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DATA CONVERSION INTRODUCTION 


The Data Conversion Group is one of the newest members of 
IDT’s product family. Mixing high-speed digital logic with high- 
performance analog functions opens a number of product oppor- 
tunities 

Video-Speed Analog products are a primary area of concentra- 
tion for the Data Conversion Group. Integration advances in digital 
logic have allowed video/graphic resolutions to reach levels ap- 
proaching broadcast quality in a personal computer. Until now, 
however, similar advances on the analog side have not been 
made. 

IDT has targeted this area with a family of DACs featuring clock 
rates in excess of 100MHz (more than 1,000 by 1,000 CRT pixel 
resolution) and outputs which directly drive the coaxial cable con- 
nections to the display. Merging IDT’s SRAM technology with ana- 
log, it is now possible to integrate all of the functions needed for a 
high-resolution, RGB graphic output without power-hungry ECL 
logic. 


Many of today’s video systems must do extensive computations 
on the analog signal to enhance, convert and recognize patterns. 
These computations are done most easily in the digital domain, re- 
quiring a high-performance Analog-to-Digital Converter at the front 
end. IDT’s first product offering in this area allows the conversion 
of video speed analog signals at clock rates exceeding four 
times the color subcarrier (~14MHzNTSC, ~ 17MHz PAL). 
Along with the low power consumption, these parts include, a first 
for the industry, on-chip error detection and correction making it 
more immune to digital noise and much easier to use. 

IDT is dedicated to providing complete CMOS solutions for 
high-performance system designs. High speed SRAMs, FIFOs, 
MICROSLICE™ components, Arithmetic Processors, DSP units 
and FCT fast logic elements form the basis for leading-edge de- 
signs. The Data Conversion Group completes this picture with 
mixed analog and digital chips for front - and back — end interface. 
Look to IDT for innovative Data Conversion solutions. 
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8-BIT CMOS VIDEO DAO 


IDT75C18 


Integrated Device Technology. Inc. 


FEATURES: 

• Graphics-ready 

• Pin- and function-compatible with TRW TDC1018 

• 8 bits, 1/2 LSB linearity 

• 70, 100, 125MHz models available 

• ECL-compatible inputs 

• Low power dissipation < 400mW 

• Power supply noise rejection > 50dB 

• Registered data and video controls 

• Differential current outputs 

• Flexible video controls 

• Inherently low glitch energy 

• Multiplying mode capability 

• Single 5V power supply 

• Available in 24-pin hermetic DIP, 24-pin plastic DIP and 
28-pin LCC 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT75C18 is a 70/100/125 MegaSample per Second 
(MSPS), 8-bit Digital to Analog Converter. It can directly drive a 
doubly terminated 75Q load to levels compatible with RS-343A. 
Four special controls for blanking, synchronization and highlight- 
ing allow the device to be used in typical video applications with no 
extra components 

The I DT75C18 is built using IDT’s high-performance CEMOS ™ 
process. Innovative design methods, which include on-chip data 
registers and precise matching of propagation delays, as well as 
an improved segmenting/decoding architecture, significantly re- 
duce glitch energy. The IDT75C18 offers high-performance and 
low power in a 24-pin hermetic DIP, 24-pin plastic DIP or 28-pin 
LCC. 

The IDT75C18 is pin- and function-compatible with the TRW 
TDC101 8, with the advantage of low power due to CMOS process- 
ing. Besides providing higher reliability by running cooler, power 
supply requirements are reduced. Another advantage of the lower 
power dissipation is that this part may be packaged in a space- 
saving, cost-effective, 0.3-inch plastic package. 

The IDT75C1 8 military DAC is manufactured in compliance with 
the latest revision of MIL-STD-883, Class B, making it ideally suited 
to military temperature applications demanding the highest level of 
performance and reliability. 
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FUNCTIONAL DESCRIPTION 
GENERAL INFORMATION 

The IDT75C18 output current is proportional to the product of 
the digital input data and the analog reference current. All the digi- 
tal inputs, data and control are compatible with standard ECL logic 
levels. The IDT75C18 is normally operated synchronously with 
data being latched by the rising edge of the convert clock, CONV. 
FT, the feedthrough control input, determines the operating mode. 
When FT is LOW, the part operates in the synchronous mode and 
the low-to-hlgh transition of the convert clock, CONV, latches data 
and control values into internal D-type registers. The registered val- 
ues are then decoded and presented to switched current sinks 
which produce the appropriate analog output values. When FT is 
HIGH, the part operates asynchronously and the digital inputs are 
not latched. The analog output, then, changes in response to the 
digital inputs without regard to clock. FT is the only asynchronous 
input and is typically tied to the appropriate DC level. 

The IDT75C1 8 uses a 6x2 segmented DAC approach where the 
six MSBs of the input data are decoded into a parallel “Thermome- 
ter” code which produces sixty-four “coarse” output levels. The re- 
maining two LSBs of the input data drive three binary weighted cur- 
rent switches with a total contribution of one-sixty-fourth of full 
scale. The MSB and LSB currents are summed at the output to pro- 
duce 256 analog levels. 

SYNC, BLANK, FH (Force High) and BRT (BFtighT) are special 
control inputs which drive appropriately weighted current 
switches. These currents are summed at the output with the level 
produced by the data inputs to allow for specific levels required by 
video applications such as the sync pulses and the blanking levels. 

POWER CONSIDERATIONS 

The IDT75C18 operates from separate analog and digital 
supplies to provide the highest noise immunity on the analog out- 
put to digital switching spikes. All power and ground pins must be 
connected. 

REFERENCE CONSIDERATIONS 

The IDT75C18 has two reference inputs, REF+ and REF - , 
which are simply the non-inverting and inverting inputs to an 
internal buffer amplifier. The output of this amplifier serves as the 


reference for the transistors in the DAC. The feedback loop inter- 
nally includes current sources which are identical to the current 
sink transistors, guaranteeing that the reference current will be pre- 
cisely mirrored in the DAC. 

Since the output currents are proportional to the digital data and 
the reference current, the full-scale output current may be adjusted 
over a limited range by varying the reference current. In the same 
vein, the stability of the output depends strongly on the stability of 
the reference. The reference current is normally applied to REF+, 
while REF - is usually connected to a negative reference through a 
resistor equal to the effective impedance seen on REF+. 

Through careful design of the reference amplifier, no external 
compensation capacitor is required and the COMP pin should be 
left unconnected. 

CONTROLS 

The IDT75C18 has four special control inputs: SYNC, BLANK, 
FH (Force High) and BRT (BRighT), as well as FT (Feed Through 
control). Typically, the IDT75C18 is operated in the synchronous 
mode which ensures the lowest output noise. When FT is forced 
HIGH, the input registers pass the data and control information 
through without latching, allowing the analog output to change 
asynchronously. 

In the synchronous mode, the control inputs are registered by 
the rising edge of CONV in the same manner as the data inputs. 
The controls, like the data, must be stable for a set-up time (ts) be- 
fore, and a hold time (tH) after, the rising edge of CONV. In the 
asynchronous mode, only the minimum pulse widths are relevant. 

The video controls produce specific output levels which are 
used for frame synchronization, horizontal blanking, etc. as de- 
scribed in various standards such as RS-343A. The effect of these 
controls on the analog output is shown below. The internal logic 
simplifies the use of the controls in video applications. BLANK, 
SYNC and FH override the data inputs. SYNC overrides all other 
inputs and produces a full negative level. FH drives the analog out- 
put to full-scale producing a reference white level. The BRT control 
creates a “whiter than white” level by adding 10% of full-scale to 
the present output value. 
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VIDEO CONTROL OUTPUT VALUES' 4 ’ 


DESCRIPTION 

SYNC 

BLANK 

FH 

BRT 

DATA 

OUT-(mA)O) 

OUT-(V)<2> 

OUT"(IRE)< 3 > 

Sync 

1 

X 

X 

X 

X 

28.57 

-1.071 

-40.0 

Blank 

0 

1 

X 

X 

X 

20.83 

-0.781 

0.0 

10% White 

0 

0 

1 

1 

X 

0.00 

0.00 

110.0 

White 

0 

0 

1 

0 

X 

1.95 

-0.073 

100.0 

Black 

0 

0 

0 

0 

00 

19.40 

-0.728 

7.5 

White 

0 

0 

0 

0 

FF 

1.95 

-0.073 

100.0 

10% Black 

0 

0 

0 

1 

00 

17.44 

-0.654 

17.5 

10% White 

0 

0 

0 

1 

FF 

0.00 

0.00 

110.0 


NOTES: 

1 . OUT + is complementary to OUT - . Current is specified as conventional current when flowing into the device. I 0UT+ = 28.57 - l 0Lrr _ . 

2. Voltage produced when driving the standard load configuration (37.5 ohms). See Figure 4. 

3. 140 IRE units = 1.00V 

4. RS-343A tolerance on all control values is assumed. 


DATA INPUTS 


CLOCK INPUT CONV 


The inputs of the IDT75C18 are single ended, ECL-compatib!e. 
Internal pull down resistors force unconnected pins to a logic LOW 
level. 

In the synchronous mode (FT is LOW) , the data inputs are regis- 
tered by the rising edge of CONV. The data inputs must be stable 
for a set-up time (t s ) before, and a hold time (t H ) after, the rising 
edge of CONV. In the asynchronous mode (FT is HIGH), the input 
registers are disabled and only the minimum pulse widths are rele- 
vant. In this mode, the analog output changes asynchronously in 
response to the input data. 


SYMBOL 

FUNCTION 

D, 

Data Bit 1 (MSB) 

d 2 


d 3 

0 

d 4 


d 5 

• 

D e 


d 7 


Da 

Data Bit 8 (LSB) 


The inputs of the IDT75C18 are voltage comparators with the 
threshold level set to approximately -1.27V, ensuring the correct 
logic state when driven by standard ECL outputs. It is possible to 
overdrive the inputs without harming the device, allowing a direct 
interface to CMOS logic. In general, the input signals will correctly 
drive the IDT75C1 8 as long as they remain between Veed, Veea and 
Agnd, Dgnd and meet the Vil and Vih specifications. 

The diagram below shows a simple two resistor level shifter 
which allows the IDT75C18 to be driven from TTL signals. 



The clock input to the IDT75C18 (CONV) is a differential ECL- 
compati ble inpu t. This signal may be driven single ended by con- 
necting CONV to a suitable bias voltage (V BB ) which determines 
the switching threshold of CONV. 

ANALOG OUTPUTS 

The two analog outputs of the IDT75C18 are high impedance 
complementary current sinks which are capable of driving a dou- 
bly terminated 75 ohm load to standard video levels. The output 
voltage will be the product of the output current and the effective 
load impedance and will usually be between 0 and -IV when the 
Vee = -5.2V. The outputs sink current from Agnd, so that in the posi- 
tive supply case (interfacing to CMOS or TTL), the output voltage 
swings between +5V and +4V. In AC coupled applications, this 
DC bias is unimportant. Shown below is a simple circuit which ref- 
erences the output voltage to the most negative supply. 
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ABSOLUTE MAXIMUM RATINGS W 


SYMBOL 

RATING 

VALUE 

IS 

POWER SUPPLIES ! 

Veeo 

Measured to Dgnd 

-7.0 to +0.05 

mm 

Veea 

Measured to Dgnd 

-7.0 to +0.05 

mm 

Agnd 

Measured to D G nd 

-0.5 to +0.5 

mm 

INPUT VOLTAGES 

CONV. Data 
& Controls 

Measured to Dgnd 


D 

REF Input. 

Applied Voltage <2) 

Measured to Agnd 

1 

D 

REF Input. 

REF + 

6.0 


Applied Current* 3 ' 4 ) 

REF" 

0.5 


OUTPUT 

Analog Output, 
Applied Voltage * 2 * 

Measured to Agnd 

-2.0 to +0.4 


Analog Output, 
Applied Current' ' 


50 

mA 

Short 

Circuit Duration 


Unlimited 


| TEMPERATURE 

Operating, 

Military 

-55 to +125 

■9 

Ambient 

Commercial 

Oto +70 

°c 

Storage 

Military 

-65 to +150 

°c 

Commercial 

-55 to +125 

°c 


NOTES: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. Absolute Maximum 
Ratings are limiting values applied individually while all other parame- 
ters are within specified operating conditions. Functional operation un- 
der any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the 
device. 


RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


E3 



V EED 

■■wnaBiiaanwiBBBi 

CliSiiHHi 

m 

-5.2 

-5.5 

m 

V EEA 

Analog Supply Voltage 
(REF Aq ND ) 

m 

-5.2 

-5.5 

D 


Analog Ground 

Voltage (REF D GN d) 

-0.1 

0 

+ 0.1 


Veea- 

Veed 

Supply Voltage 
Differential 

-0.1 

D 

+ 0.1 

D 

1 

CONV, Common 

Mode Range 

m 

i 

-2.5 

D 


CONV, Differential 
Range 

m 

- 

1.2 

n 


Input Voltage, 

Logic LOW 

-1.49 

m 

- 

a 

V ,H 

Input Voltage, 

Logic HIGH 

- 

- 

-1.045 

m 

^REF 

Reference Current, 
Video Std.* 1 ) 

8-Bit Lin. 

1.059 

1.0 

1.115 

1.171 

1.3 

<< 
E E 

■ 

Ambient 

Temperature 

MIL. 

-55 

- 

+ 125 


COM’L. 

0 

- 

+ 70 

■a 


NOTE: 

1. Minimum and maximum values allowed by ±5% variation given in 
RS-343A and RS-170 after initial gain correction of device. 
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DC ELECTRICAL CHARACTERISTICS 

Specified over the Recommended Operating Conditions unless otherwise stated. 


SYMBOL 


'eea + 



PARAMETERS 


Supply Current 


Equivalent Input C, 
REF (+ ), REF (-) 


Input Capacitance, 
Data & Controls 


Compliance Voltage, 
+ Output 


Compliance Voltage, 
-Output 


Equivalent Out R 


Equivalent Out C 


Max. I, + Output 


Max. I, -Output 


Input Current, Logic 
LOW, Data & Controls 


Input Current. Logic 
HIGH. Data & Controls 


TEST CONDITIONS 


V EEA = V EED = Max., (^Static 


lie Input Current, CONV 


NOTE: 

1. Worst case for all Data and Control States. No termination on l OUT +or l 0UT - . 



V EED = Max.; V, = -1.00V 


V EED = Max.; -2.5 < V, < -0.5 


AC ELECTRICAL CHARACTERISTICS 

Specified over the Recommended Operating Conditions unless otherwise stated. 


PARAMETERS 


Max. Conversion Rate 


CONV LOW Time 


CONV HIGH Time 


Set-up Time, Data & Control 


Hold Time, Data & Control 


CONV to OUT Delay 


DATA to OUT Delay 


t S i Current Setting Time 


tm Current Rise Time 


TEST CONDITIONS 



IDT75C18X70 
MIN. MAX. 

IDT75C1 8x100 
MIN. MAX. 

70 

100 

6 

5 

6 

5 

8 

6 

5 

1 

14 

10 

20 

16 


IDT75C18x125 
MIN. MAX. 


10% to 90% of Full Scale 
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SYSTEM PERFORMANCE CHARACTERISTICS 

Specified over the Recommended Operating Conditions unless otherwise stated. 


SYMBOL 

PARAMETERS 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

ELI 

Linearity Error Integral 

Veea. V EED . 'ref = Typ. 

- 

0.2 

%FS 

ELD 

Linearity Error Differential 

v eea. V EED , l REE = Typ. 

- 

0.2 

%FS 

IOF 

Output Offset 1 

V EEA • V EED = Max - SYNC = BLANK = 0, 

FH = BRT = 1 

- 

±10 

(lA 

EG 

Abs. Gain Error 

V EEA 1 V EE Q • 1 REF = T VP- 

- 

± 5 

%FS 

TCG 

Gain Error Tempco 


- 

±0.024 

%FS/°C 

BWR 

Ref. Bandwidth -3dB 

AVr EF = ImV 

1 


MHz 

DP 

Differential Phase 

4 x NTSC 

- 

1.0 

Deg. 

DG 

Differential Gain 

4 x NTSC 

- 

2.0 

% 

PSRR 

Power Supp. Rej. Ratio 

V EEA ’ V EED’ 'rEF = T yP- (1) 

- 

45 

dB 

V EE a . V EFn i Irrp = Typ. ( z ) 

- 

55 

dB 

PSS 

Power Supp. Sensitivity 

Veea. V EED .I ref = Typ. 

- 

120 

pV/V 

GC 

Peak Glitch Charge 

Registered Mode Typ. ( 3 . 4 > 

- 

800 


Gl 

Peak Glitch Current 

Registered Mode 

- 

1.2 

mA 

GE 

Peak Glitch Energy 

Registered Mode Typ. HI 

- 

30 

pV-Sec 


Clock Feedthrough 

Data Constant (5) 

- 

-50 

dB 



Data Feedthrough 

Clock Constant <5 > 

- 

-50 

dB 


NOTES: 

1. 20kHz, ± 0.3V ripple superimposed on Veea. V eed ; dB relative to full gray scale. 

2. 60Hz, ± 0.3V ripple superimposed on V EEA' V £ED ; dB relative to full gray scale. 

3. f coulombs = microamps x nanoseconds. 

4. 37.5D load. Because glitches tend to be symmetric, average glitch area approaches zero. 

5. dB relative to full gray scale, 250MHz bandwidth limit. 
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CURRENT CURRENT 

SINK #1 SINK #N 



Figure 3. Equivalent Output Circuit 


VIDEO 

MONITOR 



VIDEO 


4 = 


= Agnd 


Figure 4. Standard Load Configuration 
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PARTS LIST 

I RESISTORS 


R1 

IkO 

Pot 

10 Turn 

R2 

900Q 

1/8W 

1% Metai Film 

R3 

2.00k0 

1/8W 

1% Metal Film 

R4 

37.50 

1/8W 

1% Metal Film 


I CAPACITORS i 

C1-C3 

O.lpF 

50V Ceramic disc 

| INTEGRATED CIRCUITS j 

1 ^ 

IDT75C18 

D/A Converter | 

| VOLTAGE REFERENCES j 

( VR1 

LM113 or LM313 

Bandgap Reference | 

| INDUCTORS | 

LI 

Ferrite Bead Shield Inductor Fair-Rite 

P/N 2743001112 or Similar 


Figure 6. Typical Interface Circuit 






ORDERING INFORMATION 


IDT 



Commercial (0°C to +70°C) 

Military (-55°Cto +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic THINDIP 
CERDIP 

Leadless Chip Carrier 

• Speed in Megahertz 


Standard Power 


ECL-Compatible 



FEATURES: 

• Graphics-ready 

• Function-compatible with TRW TDC1018 

• 9 bits, 1/2 LSB linearity 

• 70, 100, 125MHz models available 

• ECL-compatible inputs 

• Low power dissipation < 400mW 

• Power supply noise rejection > 50dB 

• Registered data and video controls 

• Differential current outputs 

• Flexible video controls 

• Inherently low glitch energy 

• Multiplying mode capability 

• Single 5V power supply 

• Available in 24-pin hermetic DIP, 24-pin plastic DIP and 
28-pin LCC 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT75C19 is a 70/100/125 MegaSample per Second 
(MSPS), 9-bit Digital to Analog Converter. It can directly drive a 
doubly terminated 750 load to levels compatible with RS-343A. 
Four special controls for blanking, synchronization and highlight- 
ing allow the device to be used in typical video applications with no 
extra components. 

The IDT75C19 is built using IDT’s high-performance CEMOS ™ 
process. Innovative design methods, which include on-chip data 
registers and precise matching of propagation delays, as well as 
an improved segmenting/decoding architecture, significantly re- 
duce glitch energy. The IDT75C19 offers high-performance and 
low power in a 24-pin hermetic DIP, 24-pin plastic DIP or 28-pin 
LCC. 

The IDT75C19 is functionally compatible with the TRW 
TDC1 01 8, with the advantage of low power due to CMOS process- 
ing. Besides providing higher reliability by running cooler, power 
supply requirements are reduced. Another advantage of the lower 
power dissipation is that this part may be packaged in a space- 
saving, cost-effective, 0.3 inch plastic package. 

The IDT75C19 military DAC is manufactured in compliance 
with the latest revision of MIL-STD-883, Class B, making it ideally 
suited to military temperature applications demanding the highest 
level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 


°r ° 9 

FH. BLANK 
BRT, SYNC 

CONV, 

CONV 

FT 



OUT + 
OUT- 


V EED VGND V EEA A GND 


REF + REF- 


CEMOS is a trademark of Integrated Device Technology, Inc. 
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PIN CONFIGURATIONS 



DIP 

TOP VIEW 


FUNCTIONAL DESCRIPTION 
GENERAL INFORMATION 

The 1DT75C19 output current is proportional to the product of 
the digital input data and the analog reference current. All the digi- 
tal inputs, data and control, are compatible with standard ECL 
logic levels. The IDT75C19 is normally operated synchronously 
with data being latched by the rising edge of the convert clock, 
CONV. FT, the feedthrough control input, determines the operating 
mode. When FT is LOW, the part operates in the synchronous 
mode and the low-to-high transition of the convert clock, CONV, 
latches data and control values into internal D-type registers. The 
registered values are then decoded and presented to switched cur- 
rent sinks which produce the appropriate analog output values. 
When FT is HIGH , the part operates asynchronously and the digital 
Inputs are not latched. The analog output, then, changes in re- 
sponse to the digital inputs without regard to clock. FT is the only 
asynchronous input and is typically tied to the appropriate DC 
level. 

The IDT75C19 uses a 6x3 segmented DAC approach where the 
six MSBs of the input data are decoded into a parallel “Thermome- 
ter” code which produces sixty-four “coarse” output levels. The re- 
maining three LSBs of the input data drive seven binary weighted 
current switches with a total contribution of one-sixty-fourth of full 
scale. The MSB and LSB currents are summed at the output to pro- 
duce 512 analog levels. 

SYNC, BLANK, FH (Force High) and BRT (BRighT) are special 
control inputs which drive appropriately weighted current 
switches. These currents are summed at the output with the level 
produced by the data inputs to allow for specific levels required by 
video appi ications such as the sync pulses and the blanking levels. 


POWER CONSIDERATIONS 


The IDT75C19 operates from separate analog and digital 
supplies to provide the highest noise immunity on the analog out- 
put to digital switching spikes. All power and ground pins must be 
connected. 


(D Ifl V P) N 


O Q O Q Q O Q 



D, 

N/C 

Veea 

OUT+ 

OUT- 

a gnd 

d 9 


i fc O L. 

Sj m 2 LU 

m 


+ o 


“ > tt u 

CO ff 


TOPVMEW 


REFERENCE CONSIDERATIONS 


The IDT75C19 has two reference inputs, REF + and REF~, 
which are simply the non-inverting and inverting inputs to an inter- 
nal buffer amplifier. The output of this amplifier serves as the refer- 
ence for the current sources in the DAC. The feedback loop inter- 
nally includes a transistor which is identical to the current sink tran- 
sistors, guaranteeing that the reference current will be precisely 
mirrored in the DAC. 

Since the output currents are proportional to the digital data and 
the reference current, the full-scale output current may be adjusted 
over a limited range by varying the reference current. In the same 
vein, the stability of the output depends strongly on the stability of 
the reference. The reference current is normally applied to REF + , 
while REF ” is usually connected to a negative reference through a 
resistor equal to the effective impedance seen on REF+ 


CONTROLS 

The IDT75C19 has four special control inputs: SYNC, BLANK, 
FH (Force High) and BRT (BRighT), as well as FT (Feed Through 
control). Typically, the IDT75C19 is operated in the synchronous 
mode which ensures the lowest output noise. When FT is forced 
HIGH, the input registers pass the data and control information 
through without latching, allowing the analog output to change 
asynchronously. 

In the synchronous mode, the control inputs are registered by 
the rising edge of CONV in the same manner as the data inputs. 
The controls, like the data, must be stable for a set-up time (ts) be- 
fore, and a hold time (tn) after, the rising edge of CONV. In the 
asynchronous mode, only the minimum pulse widths are relevant. 

The video controls produce specific output levels which are 
used for frame synchronization, horizontal blanking, etc. as de- 
scribed in various standards such as RS-343A. The effect of these 
controls on the analog output is shown below. The internal logic 
simplifies the use of the controls in video applications. BLANK, 
SYNC and FH override the data inputs. SYNC overrides all other 
inputs and produces a full negative level. FH drives the analog out- 
put to full-scale producing a reference white level. The BRT control 
creates a “whiter than white” level by adding 10% of full-scale to 
the present output value. 
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VIDEO CONTROL OUTPUT VALUES <4> 


DESCRIPTION 

SYNC 

BLANK 

FH 

BRT 

DATA 

OUT _ (mA)< 1 ) 

OUT-(V)< 2 > 

OUT-(IRE)( 3 > 

Sync 

1 

X 

X 

X 

X 

28.57 

-1.071 

-40.0 

Blank 

0 

1 

X 

X 

X 

20.83 

-0.781 

0.0 

10% White 

0 

0 

1 

1 

X 

0.00 

0.00 

110.0 

White 

0 

0 

1 

0 

X 

1.95 

-0.073 

100.0 

Black 

0 

0 

0 

0 

000 

19.40 

-0.728 

7.5 

White 

0 

0 

0 

0 

IFF 

1.95 

-0.073 

100.0 

10% Black 

0 

0 

0 

1 

000 

17.44 

-0.654 

17.5 

10% White 

0 

0 

0 

1 

IFF 

0.00 

0.00 

110.0 


NOTES: 

1 . OUT + is complementary to OUT - . Current is specified as conventional current when flowing into the device. I 0UT + = 28.57 - l 0UT - . 

2. Voltage produced when driving the standard load configuration (37.5 ohms). See Figure 4. 

3. 140 IRE units = 1.00V 

4. RS-343A tolerance on all control values is assumed. 


DATA INPUTS 

The inputs of the IDT75C19 are single ended, ECL-compatible. 
Internal pull down resistors force unconnected pins to a logic LOW 
level. 

In the synchronous mode (FT is LOW), the data inputs are regis- 
tered by the rising edge of CONV. The data inputs must be stable 
for a set-up time (t s ) before, and a hold time (t H ) after, the rising 
edge of CONV. In the asynchronous mode (FT is HIGH), the input 
registers are disabled and only the minimum pulse widths are rele- 
vant. In this mode, the analog output changes asynchronously in 
response to the input data. 


SYMBOL 

FUNCTION 

D, 

Data Bit 1 (MSB) 

d 2 


d 3 


d 4 

• 

D a 

• 

d 6 

• . 

d 7 


D b 


D e 

Data Bit 9 (LSB) 


The inputs of the IDT75C19 are voltage comparators with the 
threshold level set to approximately -1.27V, ensuring the correct 
logic state when driven by standard ECL outputs. It is possible to 
overdrive the inputs without harming the device, allowing a direct 
interface to CMOS logic. In general, the input signals will correctly 
drive the IDT75C19 as long as they remain between Veed, Veea and 
Agnd, Dgnd and meet the Vu. and Vih specifications. 

The diagram below shows a simple two resistor level shifter 
which allows the IDT75C19 to be driven from TTL signals. 



CLOCK INPUT CONV 

The clock input to the IDT75C19 (CONV) is a differential ECL- 
compati ble inpu t. This signal may be driven single ended by con- 
necting CONV to a suitable bias voltage (V BB ) which determines 
the switching threshold of CONV. 

ANALOG OUTPUTS 

The two analog outputs of the IDT75C19 are high impedance 
complementary current sinks which are capable of driving a dou- 
bly terminated 75 ohm load to standard video levels. The output 
voltage will be the product of the output current and the effective 
load impedance and will usually be between 0V and -IV when Vee 
= -5.2V. The outputs sink current from Agnd, so that in the positive 
supply case (interfacing to CMOS or TTL), the output voltage 
swings between +5Vand +4V. In AC coupled applications, this 
DC bias is unimportant. Shown below is a simple circuit which ref- 
erences the output voltage to the most negative supply. 
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IDT75C19 9-BIT CMOS VIDEO DAC MILITARY AND COMMERCIALTEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


SYMBOL | RATING | VALUE | UNIT 

POWER SUPPLIES 

Veed 

Measured to Dqnd 

-7.0 to +0.05 

mm 

Veea 

Measured to Dgnd 

-7.0 to +0.05 

mm 

Agnd 

Measured to Dgnd 

-0.5 to +0.5 

wm 

INPUT VOLTAGES 

CONV, Data 
& Controls 

Measured to Dgnd 

V EED to 0.5 

D 

REF Input. 

Applied Voltage* 2 ’ 

Measured to Agnd 


D 

REF Input. 

Applied Current 13,4 ’ 

REF + 

6.0 


REF- 

0.5 


OUTPUT 

Analog Output, 
Applied Voltage (2) 

Measured to Agnd 

-2.0 to +0.4 

D 

Analog Output. 
Applied Current* 3,4 ’ 


50 

mA 

Short 

Circuit Duration 


Unlimited 

■ 

TEMPERATURE 

Operating, 

Ambient 

Military 

-55 to +125 

El 

Commercial 

Oto +70 

°C 

Storage 

' 

Military 

-65 to +150 

°C 

Commercial 

-55 to +125 

°c 


NOTES: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. Absolute Maximum 
Ratings are limiting values applied individually while all other parame- 
ters are within specified operating conditions. Functional operation un- 
der any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the 
device. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MAIM 

■sza 

bees 


V EED 

mm 

B9 

-5.2 

-5.5 

D 

V EEA 

Analog Supply Voltage 
(REFA GND ) 

m 

-5.2 

-5.5 

n 


Analog Ground 

Voltage (REF D gnd ) 

-0.1 

0 

+ 0.1 

D 

Veea- 

Veed 

Supply Voltage 
Differential 

-0.1 

0 

+ 0.1 

D 

V ICM 

CONV, Common 

Mode Range 

-0.5 

- 

-2.5 

a 

V, DF 

CONV, Differential 
Range 

0.4 

- 

1.2 

D 

V.L 

Input Voltage, 

Logic LOW 

-1.49 

- 

- 

a 

Mh 

Input Voltage. 

Logic HIGH 

- 

- 

-1.045 

a 

’ref 

Reference Current, 
Video Std.* 1 ’ 

9- Bit Lin. 

1.059 

1.0 

1.115 

1.171 

1.3 

< < 
£ E 

n 

Ambient 

Temperature 

MIL. 

-55 

- 

125 

°C 

COM’L. 

0 

- 

70 

°C 


NOTE: 


1. Minimum and maximum values allowed by ±5% variation given in 
RS-343A and RS-170 after initial gain correction of device. 
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IDT75C19 9-BIT CMOS VIDEO DAC 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Specifications over the recommended operating conditions, unless otherwise stated. 



TEST CONDITIONS 




PARAMETERS 


Supply Current 


Equivalent Input C, 
REF (+), REF (-) 


Input Capacitance, 
Data & Controls 


Compliance Voltage. 
+ Output 


Compliance Voltage, 
-Output 


Equivalent Out R 


Equivalent Out C 


Max. I. + Output 


Max. I, -Output 


Input Current, Logic 
LOW, Data & Controls 


Input Current, Logic 
HIGH. Data & Controls 


Input Current, CONV 


NOTE: 

1. Worst case for all Data and Control States. No termination on l 0 uT+ or 'out 



AC ELECTRICAL CHARACTERISTICS 

Specifications over the recommended operating conditions, unless otherwise stated. 


TEST CONDITIONS 


Veea.Veed = Min - 


Veea • v eed = M'n. 


V EEA- V EED = Min. FT = 0 


Veea ■ V E ed = Min. FT = 1 


Veea • v eed = Min - FT = 0 
0.2% 

0 . 8 % 

3.2% 


10% to 90% of Full Scale 


SYMBOL 

PARAMETERS 

Fs 

Max. Conversion Rate 

tpWL 

CONV LOW Time 

Wh 

CONV HIGH Time 

*s 

Set-up Time, Data & Control 


Hold Time, Data & Control 

^DSC 

CONV to OUT Delay 

l DST 

DATA to OUT Delay 

tsi 

Current Setting Time 

*RI 

Current Rise Time 


IDT75C19 x 70 

MIN. 

MAX. 

- 

70 

6 

- 

6 

- 

8 

- 

5 

- 

- 

14 

- 

20 






















































































































IDT75C19 9-BIT CMOS VIDEO DAC 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SYSTEM PERFORMANCE CHARACTERISTICS 

Specifications over the recommended operating conditions, unless otherwise stated. 


SYMBOL 

PARAMETERS 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

ELI 

Linearity Error Integral 

Veea. V E £ D . 1 ref = Typ. 

- 

0.1 

%FS 

ELD 

Linearity Error Differential 

V £EA ' V EE0 • 1 REF = T yP- 

- 

0.1 

%FS 

I0F 

Output Offset 1 

V EEA • V EED = MaX - SYNC = BLANK = 0. 

FH = BRT = 1 

- 

±10 

pA 

EG 

Abs. Gain Error 

V EEA • V EED ' * REF = "^VP- 

- 

±5 

%FS 

TCG 

Gain Error Tempco 


- 

±0.024 

%FS/°C 

BWR 

Ref. Bandwidth -3dB 

AV ref = ImV 

1 


MHz 

DP 

Differential Phase 

F s = 4 x NTSC 

- 

1.0 

Deg. 

DG 

Differential Gain 

F s = 4 x NTSC 

- 

2.0 

% 

PSRR 

Power Supp. Rej. Ratio 

Veea. Veed. Iref =Typ.< 1 > 

" - 

45 

dB 

Veea. Veed. Iref = Typ.® 

- 

55 

dB 

PSS 

Power Supp. Sensitivity 

Veea-Veed. ^ef = Typ. (3,4> 

- 

120 

pV/V 

GC 

Peak Glitch Charge 

Registered Mode Typ. 

- 

800 

fc 

Gl 

Peak Glitch Current 

Registered Mode 

- 

1.2 

mA 

GE 

Peak Glitch Energy 

Registered Mode Typ. (4 > 

- 

30 

pV-Sec 

FT C 

Clock Feedthrough 

Data Constant! 5 ) 

- 

-50 

dB 


Data Feedthrough 

Clock Constant (5) 

- 

-50 

dB 


NOTES: 

1. 20kHz, ±0.3V ripple superimposed on V EEA , Veed ; dB relative to full gray scale. 

2. 60Hz, ±0.3V ripple superimposed on V EEA , V EED ; dB relative to full gray scale. 

3. f coulombs = microamps x nanoseconds 

4. 37.50 load. Because glitches tend to be symmetric, average glitch area approaches zero. 

5. dB relative to full gray scale. 250MHz bandwidth limit. 
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IDT75C19 9-BIT CMOS VIDEO DAC 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CURRENT 

SINK#1 


CURRENT 

SINK#N 


REFERENCE 

AMPLIFIER 


REFERENCE 

CURRENT 


IgSgl 

,SSS| J 

I I ~1 


Figure 3. Equivalent Output Circuit 

— — -v OUT- 

VIDEO 

MONITOR 

750 r 1 

\ I " 

\R S < 75 0 

) D r-// 1 

C0AX j Rl > 750 j 

IDT75C19 y 1 

\ V \ 

/OUT + ^ 

750 

t \ . „ INVERSE 


TEST LOAD: 

OUT+ n 
OUT- _J_ C l 

TspF 


. VIDEO OUT 
0 TO -1 VOLT 


Figure 4. Standard Load Configuration 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 



PARTS LIST 


RESISTORS 


R1 

IkO 

Pot 

10 Turn 

R2 

900Q 

1/8W 

1% Metal Film 

R3 

2.00kQ 

1/8W 

1 % Metal Film 

R4 

37.50 

1/8W 

1 % Metal Film 

1 CAPACITORS 1 

C1-C3 

O.lpF 

50V 

Ceramic disc 

| INTEGRATED CIRCUITS j 

1 01 _ _ 

IDT75C19 

D/A Converter j 

| VOLTAGE REFERENCES 1 

| VR1 

LM113 or LM313 

Bandgap Reference | 

| INDUCTORS | 

LI 

Ferrite Bead Shield Inductor Fair-Rite 

P/N 2743001112 or Similar 



Figure 6. Typical Interface Circuit 



ORDERING INFORMATION 


IDT 



Commercial (0°Cto +70°C) 

Military (-55° C to + 1 25° C) 
Compliant to MIL-STD-883, Class B 


Plastic THINDIP 
CERDIP 

Leadless Chip Carrier 


■ Speed in Megahertz 


Standard Power 


75C19 9-Bit CMOS Video DAC 





FEATURES: 

• Graphics Ready 

• Pin-compatible with TDC1318 & BT109 

• Triple 8-bit DACs, 1/2 LSB linearity 

• 70/100/125MHz update rate 

• ECL-compatible inputs 

• Low power consumption: 1500mW 

• On-board voltage reference 

• Complementary current outputs 

• Registered SYNC, BLANK and OVERLAY inputs 

• Surface mount packages on an epoxy laminate substrate 


DESCRIPTION: 

The IDT75MB38 is a 70/100/125 MegaSample per Second 
(MSPS), triple 8-bit Digital to Analog Converter capable of directly 
driving a 750 load to standard video levels. Most applications 
require no extra registering, buffering or deglitching. All inputs are 
ECL-compatible and the part runs from a single -5.2V supply. 

The IDT75MB38 is built using three IDT75C18 Video DACs in 
small outline plastic packages, mounted on an epoxy laminate 
(FR4) substrate. The module fits into a standard 40-pin DIP 
(600 mil) footprint. Due to IDT’s high-performance CEMOS™ 
process, power consumption is kept under 1500mW. 



© 1987 Integrated Device Technology, Inc. 
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IDT75MB38 TRIPLE 8-BIT VIDEO DAC 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATION 


V EEA 
FS ADJ 
NC 
BLANK 
OVERLAY 
I OUT+ B 
I OUT' B 
I OUT + R 
I OUT' R 
I OUT + G 
IOUT-G 
SYNC 
CONV 
(G MSB) D 7g 
D 6 g 
Dsg 

D 4G 

D 3G 

&2G 

V CCA 


C 1 
C 2 

C 3 

C 4 
C 5 
C 6 

C 7 

C 8 
C 8 
C 10 
C 11 
C 12 

C 13 

C 14 
C 15 

C 16 
C 17 
C 18 

t= 19 

C 20 


40 □ V EED 
39 □ D ob 
38 □ D 1B 

37 m d 2B 

36 □ D 3B 
35 □ D 4B 
34 □ D 5B 
33 _) D 6B 
32 □ D 7B (B 
31 □ D ob (R 
30 □ D 1R 
29 □ D 2R 
28 □ D 3R 

27 =1 d 4R 

26 z] D 5R 
25 □ D 6R 

24 □ D 7R 

23 r] D 0G 
22 □ D 1G 
21 □ V C QQ 


MSB) 

LSB) 


DIP 

TOP VIEW 


GENERAL INFORMATION 


DATA INPUTS 


The IDT75MB38 is built using three monolithic Video DACs, a 
voltage reference and an operational amplifier to control the full- 
scale output current. All devices are housed in plastic SOIC pack- 
ages and are mounted on a multilayer FR4 substrate. Conventional 
through-hole pins are attached for connection to the user’s printed 
circuit board. 

The IDT75MB38 provides 24 data input pins (8 each for red, blue 
and green) which are ECL-compatib!e. Data are latched on the ris- 
ing edge of the clock input, CONV. In addition, three control sig- 
nals are available which ease the interface to RS-343 systems. 

The IDT75MB38 outputs three pairs of complementary analog 
current signals which will directly drive the 750 inputs of a color 
video CRT. The current produced by these outputs is directly pro- 
portional to the product of the digital input data and the reference 
current. 

POWER 

The IDT75MB38 operates from separate analog and digital 
supplies to provide the highest noise immunity on the analog out- 
put to digital switching spikes. All power and ground pins must be 
connected and properly decoupled. 

REFERENCE 

The IDT75MB38 has an on-board voltage reference and associ- 
ated circuitry which provides a bias voltage for the DAC current 
switches and sets the full-scale current. Typically, a 1 .1 K resistor is 
connected between the FS Adjust pin and V c ca which provides the 
reference current to the DACs. 


The IDT75MB38 has 24 data inputs which are ECL-compatible 
and have an internal pull-down resistor which forces unconnected 
pins to their inactive state. Each DAC, red, green and blue, has 8 
data inputs which are latched on the rising edge of the clock, 
CONV. Data must be valid for a set-up time (ts) before and a hold 
time (t H ) after this edge to be correctly latched. 


SYMBOL 

FUNCTION 

d 7 

MSB 

De 


d 5 

• 

D 4 

d 3 

• 

d 2 

• 

D, 


Do 

LSB 


CONTROL INPUTS 

The IDT75MB38 has three special control inputs, SYNC, BLANK 
and OVERLAY, which ease the interface in video applications. 
These inputs are ECL-compatible and have an internal pull-down 
resistor which forces unconnected pins to their inactive state. The 
controls, as the data inputs, are latched on the rising edge of clock. 

The video controls produce specific output levels for RS-343 
compatible synchronization and blanking. Also provided is a 
110% white Overlay function. SYNC is only active on the IOG out- 
put and overrides all other data and control on that output only. 
BLANK is active on all three DACs, overrides OVERLAY and data, 
and produces a “blacker than black” level. OVERLAY produces a 
“whiter than white” level and overrides data on all three DACs. 
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IDT75MB38 TRIPLE 8-BIT VIDEO DAC 


COMMERCIAL TEMPERATURE RANGE 


CLOCK 

The clock input, CONV, is a single-ended, ECL-compatible in- 
put. On the rising edge of CONV, all data and control inputs are 
latched provided that they were valid for a set-up time before and a 
hold time after the edge. 


ANALOG OUTPUTS 

The IDT75MB38 has three complementary current outputs cor- 
responding to the red, green and blue DACs. These outputs are 
high-impedance current sinks which can directly drive a doubly 
terminated 750 load to video levels compatible with the RS-343A 
standard. The output current is proportional to the product of the 
DAC input data and the reference current set on the FS Adj pin. 


VIDEO OUTPUT VALUES' 4 ’ 


DESCRIPTION 

SYNC 

BUNK 

OVERUY 

DATA 

lo UT _< 2 >mA 

Vouj.WmV 

loUT+' 2 ^ m A 


110% White 

0 

0 

1 

X 

0.00 

0.00 

28.56 

-1071 

Reference White 

0 

0 

0 

FF 

1.95 

-73 

26.61 

-998 

Reference Black 

0 

0 

0 

00 

19.41 

-728 

9.15 

-343 

Blank 

0 

1 

X 

X 

20.83 

-781 

7.73 

-290 

Sync* 1 ) 

1 

X 

X 

X 

28.56 

-1071 

0 

0 


NOTES: 

1. IOG output only. IOR and IOB have no SYNC input. 

2. Current is specified as conventional current when flowing into the device. 

3. Voltage produced when driving the standard load configuration, 37.50. 

4. RS-343A tolerance on all control values assumed. 


IRE mV (REF V CCA ) 

OVERLAY 



Figure 1. Video Output Waveform for Out- and Standard Load Configuration 
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IDT75MB38 TRIPLE 8-BIT VIDEO DAC 


COMMERCIAL TEMPERATURE RANGE 


ORDERING INFORMATION 


XXXX X X X X 

Device Type Power Speed Package Process/ 

| | | I Temperature 

j Range 


BLANK 

Commercial (0°C to +70°C) 

P 

Plastic DIP (Module) 

70 ] 

100 

■ Speed in Megahertz 

125 J 


S 

Standard Power 

75MB38 

Triple 8-Bit Video DAC Module 
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CMOS TRIPLE 8-BIT 
PALETTEDAC™ 


PRELIMINARY 

IDT75C458 


FEATURES: 

• 125/1 10/80MHz operating speed 

• Fixed pipeline delay: 8 clock cycles 

• Triple 8-bit DACs 

• Integral and differential linearity < 1/2LSB 

• 256 x 24 Dual-Ported Color Palette RAM 

• 4 x 24 Dual-Ported Overlay Palette RAM 

• Multiplexed TTL pixel and overlay inputs 

• RS-343A compatible RGB outputs 

• Universal 8-bit MPU interface 

• CEMOS™ monolithic construction 

• Single 5V power supply 

• 84-pin ceramic and plastic PGA package 

• Typical power dissipation: lOOOmW 

• Pin- and function-compatible with Brooktree BT458 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 


The IDT75C458 is a triple 8-bit video DAC with on-chip, dual- 
ported color palette memory. This chip is specifically designed for 
the display of high resolution color graphics. The architecture 
eliminates the ECL pixel interface by providing multiple TTL-com- 
patible pixel ports and by multiplexing the pixel data on-chip. 

The IDT75C458 supports up to 259 simultaneous colors from a 
palette of 16.8 million. Other features included on-chip are pro- 
grammable blink rates, bit plane masking and blinking as well as a 
color overlay capability. The IDT75C458 generates RS-343A com- 
patible red, green, and blue video outputs which are capable of di- 
rectly driving a doubly terminated 750 coaxial cable. 

The IDT75C458 military DACs are manufactured in compliance 
with the latest revision of MIL-STD-883, Class B, making them ide- 
ally suited to military temperature applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 


CO? CLK 


VREF FS ADJ 




OLo-OL, {A-E} 


5YRC 

BLANK 



COMP 


I0„ 


IOr 



lOr 


CO Cl R/W CE 


D 0 -D 7 


CEMOS and PaletteDAC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


DSC-5002/- 
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IDT75C458 CMOS TRIPLE 8-BIT PALETTEDAC 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



PGA 

TOP VIEW 

GENERAL INFORMATION: 


The IDT75C458 triple 8-bit PaletteDAC is a highly integrated 
building block which interfaces a relatively low bandwidth frame 
buffer memory to an analog RS-343A, high bandwidth output. To 
decrease the frame buffer memory requirements, the IDT75C458 
has a color lookup table (dual-port RAM) included on-chip.The ba- 
sic functional blocks are the microprocessor bus interface, the 
frame buffer memory interface and multiplexer, a dual-port RAM 
with one R/W port and one high-speed R/O port and three 8-bit 
video speed DACs. 

MICROPROCESSOR BUS INTERFACE 

The IDT75C458 supports a standard microprocessor bus inter- 
face, allowing the MPU direct access to the internal control regis- 
ters and color/overlay palettes. The dual-port color palette RAM 
and overlay registers allow color updating without contention with 
the display refresh process. 

The bus interface consists of eight bidirectional data pins, 
D 0 - D 7 , with two control inputs, CO and Cl , a read/write direction 
input, R/ W, and a clock input, CE . All data and control information 
are latched on the falling edge of CE, as shown in Figure 1. All 
accesses to the chip are controlled by the data in the address 
register combined with the control inputs CO, Cl and R/W, 
depicted in the Truth Table (Table 1). 


An access to a control register requires writing a 4 through 7 into 
the address register (CO = Cl = 0) and then writing or reading data 
to the selected register (CO = 0, Cl = 1). When accessing the con- 
trol registers, the address register is not changed, facilitating read- 
modify-write operations. If an invalid address is loaded into the 
address register, data written is ignored or invalid data is read out. 

It is also possible to access the color palette information. The 
palette is organized as 256 addresses with 8 bits of red, blue and 
green information. Additionally, there are four extra addresses 
assigned to overlay information, yielding a total memory size of 
260 x 24. 

Access to the palette entries is, again, through the address reg- 
ister. The desired palette address is loaded into the address regis- 
ter, CO and Cl are modified to point to the color palette or overlay 
and the information is read or written. In this case, however, an 
internal counter is used to access the red, green or blue color infor- 
mation. The first color palette or overlay access reads or writes red. 
The next access is for green, while the third access is for blue. After 
the third access, the address register is incremented, allowing the 
reading or writing of the red information of the next palette address. 
When writing, red and green information is temporarily stored in 
registers and, during the blue cycle, all 24 bits are written. 
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TM 


The internal counter is reset by an access to the address or any 
of the control registers. After setting the address register, it is possi- 
ble to read or write the entire palette without accessing the address 
register again. Some care is needed; only continuous reads or 
writes are allowed and it is not possible to switch between the color 
palette and overlay. 

The color palette RAM and overlay registers are dual-ported 
which allows simultaneous access from the MPU port (D 0 - D 7 ) 
and the pixel port (P 0 - P 7 {A-E}). If the pixel port is reading the 
same palette entry as the MPU is writing, it is possible that the DAC 
output may be invalid. It is recommended that the palette and over- 
lay entries be updated during the blanking time. 


ADDRESS REGISTER 
DATA 

Cl 

CO 

ACCESS 

X 

0 

0 

Address Register 

$00-$FF 

0 

1 

Color Palette 

$00 

1 

1 

Overlay Color 0 

$01 

1 

1 

Overlay Color 1 

$02 

1 

1 

Overlay Color 2 

$03 

1 

1 

Overlay Color 3 

$04 

1 

0 

Read Mask Register 

$05 

1 

0 

Blink Mask Register 

$06 

1 

0 

Command Register 

$07 

1 

0 

Test Register 


NOTE: 


Control input CO = 1 enables the internal counter which accesses the red, 
green and blue colors individually and increments the address counter 
after the blue access. C0 = 0 disables auto-increment of the address 
register allowing read-modify-write operations. 

Table 1. Truth Table for MPU Operations 


The multiplexing factor, 4:1 or 5:1, is programmable from the 
command register, bit 7. In the 4:1 mode, the {E} color and overlay 
inputs are not used and the LD clock should be CLOCK divided by 
4. The {E} color and overlay inputs must be connected to a valid 
logic level. 

The overlay inputs (OLo-OL, ) have the same timing as the pixel 
inputs (P 0 - P 7 ) . It is possible to use additional bit planes or external 
logic to control the overlay selection for cursor generation. 


INTERNAL MULTIPLEXING 

LD is typically CLK divided by four or five and it latches color 
and overlay information on every rising edge, independent of CLK. 
A digital PLL allows LD to be phase independent of CLK. The only 
restriction is that only one rising edge of LD is allowed to occur per 
four (4:1 multiplexing) or five (5:1 multiplexing) CLK cycles. 

Color Palette 

On the rising edge of each CLK cycle, eight bits of color informa- 
tion (P 0 - P 7 ) and two bits of overlay information (OL 0 - OL, ) for 
each pixel are processed by the read mask, blink mask and com- 
mand registers. This information provides the address to the dual- 
port color palette RAM. Note that P 0 is the LSB when addressing 
the color palette RAM. The value stored at a selected address 
determines the displayed color. In this way, 8 bits of information 
can select from a palette of over 16 million with 256 simultaneous 
displayed colors (plus 3 overlay colors). Through the use of the 
control register, individual bit planes may be enabled or disabled 
for display and/or blinked at one of four blink rates and duty cycles. 

The blink timing is based on vertical retrace intervals which are 
defined by at least 256 LD cycles since the last falling edge of 
BLANK. The color changes during this normally blanked time. 

The processed pixel data is then used to select which color pal- 
ette entry or overlay register is used to provide color information. 
Table 2 illustrates the truth table used for color selection. 


FRAME BUFFER INTERFACE 

The frame buffer interface consists of five 8 -bit input ports which 
correspond to five consecutive pixels. In addition, there are two 
extra bits per port which may be used for overlay information. To 
reduce the bandwidth requirements for the pixel data, the 
IDT75C458 latches 4 or 5 pixels (the multiplex factor is 
programmable to 4 or 5 by bit 7 of the command register) on each 
rising edge of LD . The color and overlay information is internally 
multiplexed at the pixel clock frequency, CLK, and sequentially 
output. This arrangement allows pixel data to be transfemed at a 
rate 4 or 5 times slower than the pixel clock. Typically, LD is the 
pixel clock divided by 4 or 5 and is used to clock data out of the 
frame buffer memory. 

As shown in Figure 2, sync, blank, color and overlay information 
are latched on the rising edge of LD . Up to 40 bits of color informa- 
tion are input through P 0 - P 7 {A-E} and up to 10 bits of overlay 
information are input throu gh OL 0 - O L 1 {A-E }. Both sync and 
blank have separate inputs, SYNC and BLANK respectively. The 
IDT75C458 outputs color information on each clock cycle. Four or 
five pixels are output sequentially, beginning with the {A} informa- 
tion, then the {B} information, until the cycle is completed with the 
{D} or {E} information. In this configuration, sync and blank times 
are limited to multiples of four or five clock cycles. 


CR 6 

OL, 

OL 0 

P 7 -P 0 

PALETTE ENTRY 

1 

0 

0 

$00 

Color palette entry $00 

1 

0 

0 

$01 

Color palette entry $01 

1 

0 

0 

$FF 

Color palette entry $FF 

0 

0 

0 

$XX 

Overlay color 0 

X 

0 

1 

$xx 

Overlay color 1 

X 

1 

0 

$xx 

Overlay color 2 

X 

1 

1 

$xx 

Overlay color 3 


NOTE: 

CR6 is bit 6 of the Command Register. 


Table 2. Palette and Overlay Select 
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Video Generation, DACs 

On every CLK cycle, the selected 24 bits of color information 
(8 bits each of red, green and blue) from the Color Palette RAM are 
presented to the three 8-bit D/A converters. The IDT75C458 uses a 
5x3 segmented approach where the four MSBs of the input data 
are decoded into a parallel “Thermometer” code which produces 
thirty two “course” output levels. The remaining three LSBs of input 
data drive eight binary weighted current switches with a total con- 
tribution of one-thirty second of full scale. The MSB and LSB cur- 
rents a re sum med at the o utput to produce 256 levels. 

The SYNC and BLANK inputs are pipelined to maintained syn- 
chronization with the pixel data. Both inputs drive appropriately 
weighted current switches which are summed at the output of the 
DACs to produce the specific output levels required by RS-343, as 
shown in Figure 3. Note that the sync information is only available 
at the IOg (green) output and that the input data to the DAC sums 
with the sync current. Table 3 details the output levels associated 
with SYNC, BLANK and data. 


Monitor Interface 

The analog outputs of the IDT75C458 are high-impedance cur- 
rent sources which are capable of directly driving a doubly termi- 
nated 750 coaxial cable to standard video levels. A typical output 
circuit is shown in Figure 3. 


Description 

S 

B 

DAC 

data 

IO Q (mA) 

IO n , IO B 
(mA) 

WHITE 

1 

1 

$FF 

26.67 

19.05 

DATA 

1 

1 

data 

data +9.05 

data +1.44 

DATA & SYNC 

0 

1 

data 

data +1.44 

data +1.44 

BLACK 

1 

1 

$0 

9.05 

1.44 

BLACK & SYNC 

0 

1 

$0 

1.44 

1.44 

BLANK 

1 

0 

X 

7.62 

0 

SYNC 

0 

0 

X 

0 

0 


NOTE: 

Typical values with full scale IOG = 26.67mA. RSET = 5230, 
VREF = 1.235V. S is SYNCS, B is BLANK. 


Table 3. Video Output Truth Table 


i 

Figure 1. Composite Video Output Waveform 
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PIN DESCRIPTIONS 


PIN NAME | 

DESCRIPTION 

DATA BUS 

D 0- D 7 

8-bit, bidirectional data bus. Data is input and output over this bus and the flow is controlled by R/W and Cl:. D 7 is the most significant 
bit. 

CE 

Chip Enable input. The chip is enabled when this control pin is LOW. During a write cycle (R/W LOW) , the data present on D 0 - D 7 is 
internally latched on the LOW-to-HIGH transition of this pin. 

R/W 

Read/Write Control input. The Read/Write input is latched on the HIGH-to-LOW transition of CE and determines the direction of the 
bidirectional databus D 0 - D 7 . If R/W is HIGH during the falling edge of CE, a read cycle occurs. If R/Wis LOW during the falling edge of 
CE, a write cycle occurs and. additionally, D 0 - D 7 are latched on the rising edge of CE. 

CO, Cl 

Register Control inputs. CO and Cl determine which reg ister or palette entry is accessed during a read or write cycle. These inputs are 
latched on the HIGH-to-LOW transition of CE. 

PIXEL 

CLK, CEK 

Pixel Clock inputs. These inputs are differential and may be driven by ECL operating from a + 5V supply. The clock frequency is 
normally the system pixel clock rate. 

CD 

Load Clock Input. The Load Clock is normally CLK divided by 4 or 5 (determined by the Control Register, bit 7) . The pixel data, P n - P 7 
{A-E} and OL 0 - OL, {A-E}, BLANK and SYNC are internally latched on the LOW-to-HIGH transition of ED. 

1 

m 

Pixel Input Data. These inputs provide the address input to the color palette RAM. The data stored at a particular address is the color 
output by the DAC. Four or five consecutive pixels, as determined by bit 7 in the Command Register, are internally latched on the LOW- 
to-HIGH transition of ED. The pixels are output sequentially, first { A} then {B}. After all four or five pixels have been output, the cycle 
repeats. Unused inputs must be connected to a valid logic level. 

OL 0 - OL, {A-E} 

Pixel Overlay Inputs. The Overlay inputs have the same timing as P 0 - P 7 and select between either the color palette or the overlay 
palette. When the overlay palette is selected, the pixel information P 0 - P 7 {A-E} is ignored. Bit 6 of the command register determines if 
Overlay = 0 displays overlay color 0 or the color palette entry. See Table 2 for details. 

BLANK 

Composite Blank Input. A LOW on this input forces the analog outputs (IO R , IO G , IO B ) to the blanking level. The BLANK input is 
internally latched on the LOW-to-HIGH transition of ED. This input overrides all other pixel information. 

SYNC 

Composite Sync Input. A LOW on this input subtracts approximately 7mA from the IO G analog output and overrides no other pixel 
information. For the correct SYNC level, this input should be LOW only when BLANK is also LOW. The SYNC input is internally latched 
on the LOW-to-HIGH transition of ED. 

ANALOG 



l0 G • l0 R > IO B 


COMP 


Analog Ground Power Supply, OV. 


Analog Power Supply, 5V. 


Voltage Reference Input, 1 .235V. This input supplies a reference voltage forthe DAC circuitry. Care must be taken to correctly decouple 
this voltage because noise on this pin will couple directly to the DAC outputs. 


Full-Scale Adjust Input. The current flowing from this pin to A GND is directly proportional to the full-scale analog output current Nor- 
mally, a resistor is connected between this pin and A GND . The voltage on this pin is approximately equal to V REF . The relationship 
between the full-scale output current and RSET is: 

IO G (mA) = 1 1 .294 x V REF (V)/ RSET (KG) 

IO R , IO B (mA) = 8.067 x V REF (V)/RSET (KG) 


Green. Red and Blue DAC current outputs. 


Compensation Input. This pin provides the ability to compensate the internal reference operational amplifier. 
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INTERNAL REGISTERS 


Command Register 

The Command Register is accessed by reading or writing with 
the Address Register = $06, CO = 0 and Cl = 1 (see Table 1), It pro- 
vides control over multiplexing and blink rate selection. The Com- 
mand Register may be read or written at any time. CR7 (Command 
Register bit 7) corresponds to D7 (Data Bus bit 7). 

CRO OL 0 display enable. This bit is ANDed internally with 

the data from OL 0 prior to the palette selection. If 
CRO is LOW, the internal OL 0 bits are set LOW allow- 
ing only overlay colors 0 and 2 to be selected. 

CR1 OL, display enable. This bit is ANDed internally with 

the data from OLi prior to the palette selection. If 
CR1 is LOW, the internal OLi bits are set LOW allow- 
ing only overlay colors 0 and 1 to be selected. 

CR2 OL 0 blink enable. If this bit is set HIGH, the OLo bit is 

internally switched between the value input and 0 at 
the rate specified by the CR4 and CR5 bits. CRO 
must be set HIGH for this function. 

CR3 OLi blink enable. If this bit is set HIGH, the OLi bit is 

internally switched between the value input and 0 at 
the rate specified by the CR4 and CR5 bits. CR1 
must be set HIGH for this function. 

CR4, CR5 Blink Rate Select. These bits select blink rates based 
on Vertical Sync cycles, defined as more than 256 
LD cycles during BLANK. 

CR6 Color Palette RAM enable. This bit specifies whether 

to use the Color Palette or the Overlay Palette when 
OL 0 = OL, =LOW. 

CR7 Multiplex Select. This bit selects between 4:1 

(CR7 = 0) or 5:1 (CR7 = 1) multiplexing. When using 
4:1 multiplexing, the {E} inputs are never used and 
must be connected to a valid logic level. 


Read Mask Register 

The Read Mask Register is accessed by reading or writing with 
the Address Register =$04, C0 = 0 and Cl = 1 (see Table 1). It 
internally ANDs the pixel information with a bit from the register 
before the color palette selection, effectively enabling (HIGH) or 
disabling (LOW) the entire pixel plane. The Read Mask Register 
may be read or written at any time. RMR7 (Read Mask Register 
bit 7) corresponds to D7 (Data Bus bit 7). 

Blink Mask Register 

The Blink Mask Register is accessed by reading or writing with 
the Address Register = $05, CO = 0 and Cl = 1 (see Table 1 ) . Each 
register bit causes the corresponding pixel bit (P 0 - P 7 ) to internally 
switch between the input value and 0 at the blink rate specified in 
the Command Register. For this function to work, the correspond- 
ing enable bit in the Read Mask Register must be set HIGH. The 
Blink Mask Register may be read or written at any time. BMR7 
(Blink Mask Register bit 7) corresponds to D 7 (Data Bus bit 7). 

Test Register 

The Test Register is accessed by reading or writing with the 
Address Register=$07, C0 = 0 and C1 = 1 (see Table 1). This 
register allows the MPU to read the 24 input bits of the DACs. The 
register bits are defined below. 

TR7-TR4 Read data (one nibble of red, blue or green) 

TR3 Upper (LOW) or Lower (HIGH) nibble select 

TR2 Blue enable 

TR1 Green enable 

TRO Red enable 

The desired DAC is selected by setting only one color enable bit 
(D 0 - D 2 ) HIGH and the upper or lower nibble is selected with D 3 . 
After this write operation, a subsequent read yields the DAC data 
on D 7 - D 4 and the previously written enable data on D 0 - D 3 . For a 
correct read, pixel and overl ay data must remain constant for the 
entire MPU read cycle. When BLANK is asserted, the Test Register 
information D 7 - D 4 will be forced to zero. TR7 (Test Register bit 7) 
corresponds to D 7 (Data Bus bit 7). 



0 disable OLo 

1 enable OLo 

0 disable OLi 

1 enable OLi 

0 blinking of OL 0 disabled 

1 blinking of OL 0 enabled 

0 blinking of OL t disabled 

1 blinking of OL! enabled 

00 16 Vsync on /48 Vsync off 

01 16 Vsync on /16 Vsync off 

10 32 Vsync on /32 Vsync off 

1 1 64 Vsync on /64 Vsync off 

0 Use overlay color 0 

1 Use color palette 0 

0 4:1 Multiplex 

1 5:1 Multiplex 


COMMAND REGISTER DESIGNATIONS 
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0 disable P 0 
I 1 enable Po 

I 0 disable P, 

I I enable P, 

I 0 disable P 2 

I I enable P 2 

0 disable P 3 

1 enable P 3 

1 0 disable P 4 

1 1 enable P 4 

0 disable P 5 

1 enable P 5 

0 disable P g 

1 enable P g 

0 disable P 7 

1 enable P, 


BMR4 BMR3 BMR2 BMR1 BMRO 


I 0 disable Po blinking 

I I enable Po blinking 

I 0 disable P, blinking 

I I enable P, blinking 

I 0 disable P 2 blinking 

I I enable P 2 blinking 

0 disable P 3 blinking 

1 enable P 3 blinking 

1 0 disable P 4 blinking 
] 1 enable P 4 blinking 

0 disable P 5 blinking 

1 enable P 5 blinking 

0 disable P 6 blinking 

1 enable P 6 blinking 

0 disable P 7 blinking 

1 enable P 7 blinking 


BLINK MASK REGISTER DESIGNATIONS 
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ABSOLUTE MAXIMUM RATINGS fl> 


SYMBOL 

| RATING 

| VALUE 

PT71F1 

POWER SUPPLIES 

I. . 1 

Vaa 


|-0.5 to +7.0 

mm 

INPUT VOLTAGE 

1 1 

Applied Voltage (2) 

Measured to Agnd 

-0.5V to V M +05 

■■ 

OUTPUT 



□ 

Applied Voltage < 2 > 

Measured to Agnd 

-0.5V to Vaa + 05 

mm 

Applied Current* 2 - 3,4 * 

Externally forced 

-1.0 to +6.0 

mA 

Short 

Circuit Duration 

Single output 

High to A gnd 

1.0 

S 

| TEMPERATURE j 

Operating. 

Military 

-55 to +125 

El 

Ambient 

Commercial 

Oto +70 

[°cl 

Storage 

Military 

-65 to +150 


Commercial 

-55 to +125 

° C 


NOTES: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational section of this 
specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect reliability. Absolute Maxi- 
mum Ratings are limiting values applied individually while all other 
parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the 
device. 
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DC ELECTRICAL CHARACTERISTICS 


SYMBOL 


Vaa 



PARAMETER 


Power Supply 


Power Supply Current 


Input Voltage HIGH 


Input Voltage LOW 


Clock Input Voltage HIGH 


Clock Input Voltage LOW 


Input Current HIGH 


Input Current LOW 


Output Voltage HIGH 


Output Voltage LOW 


Output 3-State Current 


NOTE: 

1 . All digital inputs except CLK and CLK. 


TEST CONDITIONS 


Measured to V GN0 


Vaa= Typ. 



V, N = 2.4V 


V| N = 0.8V 


— Min., Iqh = — 800pA 


Vaa= Min., l OL = 6.4mA 


AC ELECTRICAL CHARACTERISTICS 

Following conditions apply unless otherwise specified: 

T a = 0°C to +70°C (Commercial Temperature Range) 

T a = -55°C to + 125°C (Military Temperature Range) 
V AA =5.0V±5% 

TTL Inputs, V (L = 0.8V, V, H =2.0V, rise/fall time <5ns 

CLK Inputs, V| H — V^-I.OV, V IL =V AA -1.6V, rise/fall time <2ns 

Timing reference points at 50% of signal swing 

I IDT75C458-125 


SYMBOL 

PARAMETER 

f clk 

Clock Frequency 

f ld 

05 Clock Frequency 

'mpucy 

MPU Cycle Time 

l cs 

Control Set-up Time 

*CH 

Control Hold Time 

*CEH 

CE HIGH Time 

l CEZO 

CE to Data Bus Driven 

l CED 

CE to Data Valid 

'cEOZ 

CE to Data Bus Hl-Z 

*wos 

Write Data Set-up Time 

*WDH 

Write Data Hold Time 

'cLKCY 

Clock Cycle Time 

'cLKPL 

Clock Pulse Width LOW 

l CLKPH 

Clock Pulse Width HIGH 

'cLKT 

Clock Transition Time 

Vdcy 

ED Cycle Time 

l LDPH 

05 Pulse Width HIGH 

l LDPL 

05 Pulse Width LOW 

*PS 

Pixel Data Set-up Time 

Vh 

Pixel Data Hold Time 


IDT75C458-110 


IDT75C458-80 
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ANALOG OUTPUT DC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Res 

Resolution 


- 

8 

- 

mm 

•lsb 

LSB Current Size 


- 

69.1 

- 


Li 

Integral Linearity 


- 

1/2 

±1 


Ld 

Differential Linearity 


- 

1/2 

±1 


^0 

Offset Error 


- 

10 

50 

pA 

o 

o 

> 

Output Compliance Voltage 


-1.0 

- 

1.2 

V 

Em 

Matching Error (DAC to DAC) 


- 

2 

5 

mm 

PSRR 

Power Supply Rejection Ratio 



50 

- 

■a 

Iwd) 

White Current 

Measured to BLANK 

17.69 

19.05 

20.40 


l w 0) 

White Current 

Measured to BLACK 

16.74 

17.62 

18.50 


l B (1 ) 

Black Current 

Measured to BLANK 

0.95 

1.44 

1.90 


•blank 

Blank Current IO R , IO B 


- 

0 

- 


Iblank (,) 

Blank Current IO G 


6.29 

7.62 

8.96 

mA 

•sync 

Sync Current IO G 


- 

0 

- 

mA 


NOTE: 

1. R SET =5230, V REF = 1.235V 


ANALOG OUTPUT AC ELECTRICAL CHARACTERISTICS 

Following conditions apply unless otherwise specified: 

T A = 0°Cto +70°C (Commercial Temperature Range) 

T A = -55°C to + 125°C (Military Temperature Range) 

V aa = 5.0V ±5% 

TTL Inputs, V| L = 0.8V, V IH =2.0V, rise/fall time <5ns 

CLK Inputs, V, H = V^-I.OV, V, L =V AA -1.6V, rise/fall time <2ns 

Timing reference points at 50% of signal swing 



IDT75C458-125 

IDT75C458-110 

IDT75C458-80 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

UNIT 

f clk 

Clock Frequency 

- 

- 

125 

- 

- 

110 

- 

- 

80 

MHz 

*VD 

Video Output Delay Time 

- 

5 

- 

- 

5 

- 

- 

5 

- 

ns 

*VT 

Video Output Transition Time 

- 

2 

- 

- 

2 

- 

- 

2 

- 

ns 


Video Output SkewO) 

- 

0 

2 

- 

0 

2 

- 

0 

2 

ns 

*SI 

Video Output Settling Time 

- 

8 

- 

- 

10 

- 

- 

12 

- 

ns 

FT 

Clock and Data Feedthrough 

- 

50 

- 

- 

50 

- 

- 

50 

- 

pV-s 

Ge 

Glitch Energy 

- 

50 

- 

- 

50 

- 

- 

50 

- 

pV-s 

CT 

Crosstalk. DAC to DAC 

- 

100 

- 

- 

100 

- 

- 

100 

- 

pV-s 

t VP 

Pipeline Delay 

8 

- 

8 

8 

- 

8 

8 

- 

8 

clock 


NOTE: 

1. C L = 10pF, 10%-90% points 
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Figure 6. MPU WRITE Timing Diagram 


i 

i 

CO, Cl 

R/W 

D 0 -D 7 , 

READ 

Figure 7. MPU READ Timing Diagram 
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ORDERING INFORMATION 


IDT 


XXXX 


Device Type Power Speed Package 


Process/ 



Temp 

Ra 

srature 

ige 








BUNK 

B 


80 

110 

125 


^ S 


Commercial (0°Cto +70°C) 

Military (-55°C to + 125°C) 
Compliant to MIL-STD-883. Class B 

Pin Grid Array 
Speed in Megahertz 
Standard Power 


75C458 


Triple 8-bit PaletteDAC 





CMOS FLASH 
A/D CONVERTER 


Integrated Device Technology. Inc. 


IDT75C48 


FEATURES: 

• 8-bit resolution 

• 20 MSPS conversion rate 

• Pin- and function-compatible with TRW 1048 

• Low power consumption: 500mW 

• Extended analog input range 

• On-chip EDC (Error Detection and Correction) 

• Improved output logic HIGH drive, no pull-up needed 

• No sample and hold required 

• Differential Phase < 1 Degree 

• Differential Gain < 2% 

• 1/2 LSB linearity 

• Selectable output formats 

• TTL-compatible 

• Available in 28-pin Plastic DIP, CERDIP and LCC 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT75C48 is a 20 MegaSample per Second (MSPS), fully 
parallel, 8-bit Flash Analog to Digital Converter. The wide input 
analog bandwidth of 7MHz permits the conversion of analog input 
signals with full-power frequency components up to this limit with 
no input sample and hold. Low power consumption, due to 
CEMOS™ processing, virtually eliminates thermal considera- 
tions. The IDT75C48 is available in 28-pin plastic and hermetic 
DIPS and a 28-pin LCC. 

The IDT75C48 consists of a reference voltage generator, 255 
comparators, encoding and EDC (Error Detection and Correction) 
logic and an output data register. A single clock starts the conver- 
sion process and controls all internal operations. Two control in- 
puts allow the output coding format to be programmed for straight 
binary or offset two’s complement in either the true or inverted 
form. 

The IDT75C48 military Flash A/D Converters are manufactured 
in compliance with the latest revision of MIL-STD-883, Class B, 
making them ideally suited to military temperature applications 
demanding the highest level of performance and reliability. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATIONS 




TOPWEW 


GENERAL INFORMATION 

The IDT75C48 has four functional sections: a comparator array, 
a reference voltage generator, encoding logic with EDC and output 
logic. The comparator array compares the input signal with 255 ref- 
erence voltages to produce an N - of - 255 code. This is sometimes 
called a “Thermometer” code because all of the comparators with 
their reference voltage less than the input signal will be “on,” while 
those with their reference above the input will be “off.” 

The reference voltage generator consists of a string of precisely 
matched resistors which generate the 255 voltages needed by the 
comparators. The voltages at the ends of the resistor string set the 
maximum and minimum conversion range and are typically OV 
and -2V, respectively. 

The encoding logic converts the “Thermometer” code into bi- 
nary or offset two’s complement numbers and can invert either 
code. Included in the encoding function is Error Detection and 
Correction logic which ensures that a corrupted Thermometer 
code is correctly encoded. 

The output logic latches and holds the data constant between 
samples. The output timing is designed for an easy interface to ex- 
ternal latches or memories using the same clock as the ADC. 

POWER 

The IDT75C48 requires two power supply voltages, Vcc and 
Vee. Typically, Vee = -5.2V and Vcc = +5.0V. Two separate 
grounds are provided, Agnd and Dgnd, the analog and digital 
grounds. The difference between Agnd and Dgnd must not exceed 
±0.1 V and all power and ground pins must be connected. 

REFERENCE 

The IDT75C48 converts analog input signals that are within the 
range of the reference (V RB < Vin < Vrt ) intodigital form. V RB (Ref- 
erence Bottom) and Vrt (Reference Top) are applied across the 
reference resistor chain and both must be within the range of 
+ 0.1V to -2.1V. In addition, the voltage applied across the refer- 
ence resistor chain (Vrt-Vrb) must be between 1.8V and 2.2 V, with 
Vrt more positive than Vrb. Nominally, Vrt = 0.0VandV R B = -2.0V. 

The IDT75C48 provides a midpoint tap, RM, which allows the 
converter to be adjusted for optimum linearity or a non-linear 
transfer function. Adjustment of RM is not necessary to meet the 
linearity specification. Figure 5 shows a circuit which will provide 
approximately 1/2 LSB adjustment of the midpoint. The character- 
istic impedance of RM is about 1700 and this node should be 
driven from a low impedance source. Any noise introduced at this 
point will couple directly into the resistor chain, seriously affecting 
performance. 


Due to the unavoidable coupling with the clock and the input 
signal, RT and RB should provide low AC impedance to ground. 
For applications with a fixed reference, a bypass capacitor is 
recommended. 

CONTROL 

The IDT75C48 provides two function control pins, NMINV and 
NLINV. These controls are for steady state use and are usually tied 
to the appropriate voltages. They control the output coding format 
in either straight binary or offset two’s complement. In addition, 
both formats may be either true or inverted. These pins are active 
low and perform the functions as shown in Figure 1 . 

CONVERT 

The IDT75C48 begins a conversion with every rising edge of the 
convert signal, CONV. The analog input signal is sampled on the 
rising edge of CONV, while the outputs of the comparators are en- 
coded on the falling edge. The next rising edge latches the en- 
coder output which is presented on the output pins. 

The input sample is taken within 15ns of the rising edge of 
CONV and is called tsTo or the Sampling Time Offset. This delay 
varies by a few nanoseconds from part to part and as a function of 
temperature, but the short term uncertainty or jitter is less than 
60ps. 

If the maximum CONV pulse width HIGH time (tpwH) is ex- 
ceeded, the accuracy of the input sample may be impaired. The 
maximum CONV pulse width LOW time (tpwi.) may be exceeded, 
but the digital output data for the sample taken by the previous ris- 
ing edge of CONV will be meaningless. It is recommended that 
CONV be held LOW during longer periods of inactivity, 

The digital output data is presented at to, the Digital Output De- 
lay Time, after the next rising edge of CONV. Previous output data 
is held for the tHo (Output Hold Time) afterthe rising edge of CONV 
to allow for non-critical timing in the external circuitry. This means 
that the data for sample N is acquired while the converter is taking 
sample N + 2. 

ANALOG INPUT 

The IDT75C48 uses strobed, auto-zeroing, latching compara- 
tors. For optimum performance, the source impedance of the ana- 
log driver must be less than 250 . All five analog input pins must be 
connected together as close to the package as possible. 

If the analog input signal is within the reference voltage range, 
the output will be a binary number between 0 and 255. An input sig- 
nal above Vrt will yield a full-scale positive output while an input 
below Vrb will cause a full-scale negative output. 
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STEP 

RANGE 

BINARY 

OFFSET TWO’S 


-2.0000V FS 
-7.8431 mV/STEP 

-2.0480V FS 
-8.000mV/STEP 

NMINV=1 
NLINV= 1 

NMINV = 0 
NLINV=0 

NMINV=0 
NLINV = 1 

NMINV= 1 
NLINV=0 

000 

001 

0.0000V 

-0.0078V 

0.0000V 

-0.0080V 

00000000 

00000001 

11111111 

11111110 

10000000 

10000001 

01111111 

01111110 

127 

128 
129 

-0.9961V 

-1.0039V 

-1.0118V 

-1.0160V 

-1.0240V 

-1.0320V 

01111111 

10000000 

10000001 

10000000 

01111111 

01111110 

11111111 

00000000 

00000001 

oooooooo 

11111111 

11111110 

254 

255 

-1.9921V 

-2.0000V 

-2’0320V 

-2.0400V 

11111110 

11111111 

00000001 

00000000 

01111110 

01111111 

i ooooooi 
10000000 


Figure 1. Output Coding 




Figure 2. Timing Diagram 


Vcc 



8100 


1N3062 


Figure 3. Output Load 1 
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ABSOLUTE MAXIMUM RATINGS 01 


MILITARY AND COMMERCIALTEMPERATURE RANGES 


SYMBOL 

RATING 

VALUE 


POWER SUPPLY 

v cc 

Measured to D gnd 

-0.5 to +7.0 

V 

UJ 

LU 

> 

Measured to A GND 

+ 0.5 to -7.0 

V 

a gnd 

Measured to D GN0 

-0.5 to +0.5 

V 

INPUT VOLTAGE 

CONV. NMINV. NLINV 

Measured to D GN0 

-0.5 to Vcc +0.5 

V 

V IN . V RT. V RB 

Measured to A GND 

Vcc to V EE 

ID 

Vrt 

Measured to VRB 

-2.2 to +2.2 

iD 

OUTPUT 

Applied Voltage ® 

Measured to D gnd 

-0.5 to Vcc +0.5 

V 

Applied Current (2 ' 3i 4 > 

Externally forced 

-3.0 to +6.0 


Short Circuit Duration 

Single output High to D gnd 

1.0 

s 

TEMPERATURE 

Operating. 

Military 

-55 to +125 

m 

Ambient 

Commercial 

Oto +70 

m 


Military 

-65 to +150 

m 

St0fclC]6 

Commercial 

-55 to +125 

m 



NOTES: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause 
permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other conditions above those indicated in the operational sec- 
tion of this specification is not implied. Exposure to Absolute Maximum Rating conditions 
for extended periods may affect reliability. Absolute Maximum Ratings are limiting values 
applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 


AC ELECTRICAL CHARACTERISTICS 

Specifications over the Recommended Operating Conditions unless otherwise stated. 


PARAMETER 

TEST CONDITIONS 

Max. Conversion Rate 

V cc =Min.,V EE = Min. 

Sampling Time Offset 

Vcc =Min.,V EE = Min. 

Digital Output Delay 

V cc = Min.,V EE = Min., Load 1 

Digital Output Hold Time 

V cc = Max.,V EE =Max., Load 1 


TEMPERATURE RANGE 


COMMERCIAL MILITARY 
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DC ELECTRICAL CHARACTERISTICS 

Specifications over the Recommended Operating Conditions unless otherwise stated. 





TEMPERATURE RANGE 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

COMMERCIAL 

MILITARY 

UNIT 




MIN. 

MAX. 

MIN. 

MAX. 



Positive Supply Current 

Vcc = Max., Static 11 * 


70 


80 

mA 

■H 

Negative Supply Current 

V EE =Max„ Static! 1 * 

- 

-35 

- 

-35 

mA 


Reference Current (R T to R B ) 

V rt ,V R b = NOM 

- 

9 


10 

mA 

r ref 

Reference Resistance (Rj to Rb) 

V RT ,V RB = NOM 

250 

- 

220 

- 

Ohm 

R,N 

Equiv. Input Resistance 

V RT , Vrb = NOM, V| N = VRB 

100 

- 

100 

- 

KOhm 

C IN 

Equiv. Input Capacitance 

V RT ,V RB = NOM, V| N = VRB 

- 

50 

- 

50 

PF 

IcB 

Input Const. Bias Current 

V EE = Max. 

- 

10 

- 

10 

(JiA 

l|L 

Input Current Logic LOW 

Vcc = Max., Vih = 0.5V 

CONV, NMINV, NLINV 

- 

±25 

- 

±25 

p.A 

l|H 

Input Current. Logic HIGH 

Vcc = Max., V, L = 2.4V 

- 

±25 

- 

±25 

fiA 

ll 

Input Current, Max. Input Voltage 

V cc =Max..V|=Vb c 

- 

50 

- 

50 

1-iA 

V 0L 

Output Voltage. Logic LOW 

Vcc =Min„ Iol = 4.0mA 

- 

0.5 

- 

0.5 

V 

VOH 

Output Voltage. Logic HIGH 

Vcc =Min., Ioh = -2.0mA 

2.4 


2.4 

- 

V 

■os 

Output Short Circuit Current 

V cc = Max- <2> 

- 

-50 

- 

-50 

mA 

Cl 

Digital Input Capacitance 

T a =+25°C, F = 1MHz 

- 

'.15 

- 

15 

pF 


NOTES: 

1 . Worst case, all digital inputs and outputs LOW. 

2. Output HIGH one pin to ground, one second duration. 


SYSTEM PERFORMANCE 

Specifications over the Recommended Operating 


Conditions unless otherwise stated. 




Linearity Error, Integral 


Linearity Error. Differential 


Code Size 


Offset Error, Top 


Offset Error, Bottom 


Offset Error, Temperature Coefficient 


Bandwidth, Full Power Input 


Transient Response, Full Scale 


Signal to Noise Ratio 
Peak Signal /RMS Noise 


RMS Signal/RMS Noise 


E A p Aperture Error 


Differential Phase Error 


Differential Gain Error 


Noise Power Ratio 



TEST CONDITIONS 


v rt ,v rb =nom 


v rt ,v rb = nom 


DC to 8M Hz White Noise 
Bandwidth 4 Sigma Loading 
1.248 MHz Slot 
20 MS PS Conversion Rate 


TEMPERATURE RANGE 


COMMERCIAL MILITARY 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TEMPERATURE RANGE 

UNIT 

COMMERCIAL 

MIN. NOM. MAX. 

MILITARY 

MIN. NOM. MAX. 

Vcc 

Positive Power Supply 

4.75 

5.0 

5.25 

4.5 

5.0 

5.5 

V 

Vee 

Negative Power Supply 

-4.9 

-5.2 

-5.5 

-4.9 

-5.2 

-5.5 

V 

v agnd 

Analog Ground Voltage (ref Dqnd) 

-0.1 

0 

+ 0.1 

-0.1 

0 

+ 0.1 

V 

IpWL 

CONV, Pulse Width LOW 

18 

- 

100,000 

18 

- 

100,000 

ns 

tpWH 

CONV. Pulse Width HIGH 

22 

- 

20,000 

22 

- 

20,000 

ns 

V,L 

Input Voltage, Logic LOW 

-0.5 

- 

0.8 

-0.5 

- 

0.8 

V 

V|H 

Input Voltage, Logic HIGH 

2.0 

- 

Vcc +0.1 

2.0 

- 

Vcc +0-1 

V 

*OL 

Output Current, Logic LOW 

- 

- 

4.0 

- 

- 

4.0 

mA 

'oh 

Output Current, Logic HIGH 

- 

- 

-2.0 

- 

- 

-2.0 

mA 

Vrt 

Most Positive Reference Voltage 0) 

-0.1 

0 

+ 0.1 

-0.1 

0 

+ 0.1 

V 

Vrb 

Most Negative Reference Voltage 0) 

-1.9 

-2.0 

-2.1 

-1.9 

-2.0 

-2.1 

V 

IBS 

Reference Voltage Range 

1.8 

2.0 

2.2 

1.8 

2.0 

2.2 

V 

V ,N 

Input Voltage Range 

Vrb 

- 

Vrt 

Vrb 

- 

Vrt 

V 

T a 

Ambient Temperature, Still Air 

0 

- 

70 

- 

- 

- 

°C 

T c 

Case Temperature 

- 

- 

- 

-55 

- 

+ 125 

°C 


NOTE: 

1 . V RT must be more positive than V RB and the voltage reference differential must be within the specified range. 


CALIBRATION 

The calibration of the IDT75C48 involves the setting of the 1st 
and 255th comparator thresholds to the desired voltages. This is 
done by varying the top and bottom voltages on the reference re- 
sistor chain, Vrt and Vrb, to compensate for any internal offsets. 
Assuming a nominal OV to -2V reference range, apply -0.0039V (1/2 
LSB from 0V) to the analog input, continuously strobe the device 
and adjust Vrt until the converter output toggles between the 
codes of 0 and 1. To adjust the 255th comparator, apply -1.996V 
(1/2 LSB from -2V) to the analog input and adjust Vr B until the con- 
verter output toggles between the codes 254 and 255. 

The offset errors are caused by the parasitic resistance between 
the package pins and the actual resistor chain on chip and are 
shown as R1 and R2 in the Functional Block Diagram. The offset 
errors, Eot and Eob are specified in the System Performance Table 
and indicate the degree of adjustment needed. 

The previously described calibration scheme requires that both 
ends of the reference resistor chain be adjustable, i.e., be driven by 
operational amplifiers. A simpler method is to connect the top of 
the resistor chain. RT, to analog ground or 0V and to adjust this end 
of the range with the input buffer offset control. The offset error at 
the bottom of the resistor chain results in a slight gain error, which 
can be compensated for by varying the voltage applied to RB. This 
is a preferred method for gain adjustment since it is not in the input 
signal path. See Figure 4 for a detailed circuit diagram of this 
method. 


TYPICAL INTERFACE 

Figure 4 shows a typical application example for the IDT75C48. 
The analog input amplifier is a bipolar wideband operational am- 
plifier those low impedance output directly drives the A/D Con- 
verter. The input buffer amplifier is configured with a gain of minus 
two which will convert a standard video input signal (IV p-p) to the 
recommended 2 V converter input range. All five Vin pins are con- 
nected together as close to the package as possible and the input 
buffer feedback loop is closed at this point. Bipolar inputs, as well 
as the calibration of the reference top, are accomplished using the 
offset control. A band-gap reference is used to provide a stable 
voltage for both the offset and gain control. A variable capacitor in 
the input buffer feedback loop allows optimization of either the step 
or frequency response and may be replaced by a fixed value in the 
final version of the printed circuit board. 

To ensure operation to the rated specifications, proper decou- 
pling is needed. The bypass capacitors should be located close to 
the chip with the shortest lead length possible. Massive ground 
planes are recommended. If separate digital and analog ground 
planes are used, they should be connected together at one point 
close to the IDT75C48. 

The bottom reference voltage, V RB , is supplied by an inverting 
amplifier buffered by a PNP transistor. The transistor provides a 
low impedance source and is necessary to provide the current 
flowing through the resistor chain. The bottom reference voltage 
may be adjusted to cancel the gain error introduced by the offset 
voltage, Eob, as discussed in the calibration section. 
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ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 
Compliant to MIL-STD-883, Class B 

Plastic DIP 
CERDIP (600 mil) 

Leadless Chip Carrier 


MHz 


Standard Power 


Flash A/D Converter 




Integrated Device Technology. Inc. 


CMOS FLASH 
A/D CONVERTER 


PRELIMINARY 

IDT75C58 


FEATURES: 

• 8-bit resolution 

• 20 MSPS conversion rate 

• Overflow Output 

• Low power consumption: 500mW 

• Extended analog input range 

• On-chip EDC (Error Detection and Correction) 

• Tri-state outputs 

• Improved output logic HIGH drive, no pull-up needed 

• No sample and hold required 

• Differential Phase = 1 Degree 

• Differential Gain = 2% 

• 1/2 LSB linearity 

• TTL-compatible 

• Available in 28-pin CERDIP and Plastic DIP or LCC 

• Military product is compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT75C58 is a 20 MegaSample per Second (MSPS), fully 
parallel, 8-bit Flash Analog to Digital Converter. The wide input 
analog bandwidth of 7MHz permits the conversion of analog input 
signals with full-power frequency components up to this limit with 
no input sample and hold. Low power consumption due to 
CEMOS™ processing virtually eliminates thermal considerations. 
The IDT75C58 is available in 28-pin plastic and hermetic DIPs and 
a 28-pin LCC. 

The IDT75C58 consists of a reference voltage generator, 255 
comparators, encoding and EDC (Error Detection and Correction) 
logic and an output data register. A single clock starts the conver- 
sion process and controls all internal operations. An additional 
comparator detects an Overflow condition (V| N more positive than 
Full-Scale + 1 LSB) and activates the OVFL output. This output, to- 
gether with two output enable inputs (OE1 and OE2), allow the 
stacking of two IDT75C58S for 9-bit resolution with no external 
components. 

The IDT75C58 military Flash A/D Converters are manufactured 
in compliance with the latest revision of MIL-STD-883, Class B, 
making them ideally suited to military temperature applications 
demanding the highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

© 1 987 Integrated Device Technology, Ino. 


DECEMBER 1987 

DSC-5004/- 
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PIN CONFIGURATIONS 



TOP VIEW 



'GND 


A G 

NC 

r m 

V, N 

V|N 

A GND 

Rt 


GENERAL INFORMATION 

The I DT75C58 has four functional sections: a comparator array, 
a reference voltage generator, encoding logic with EDC and output 
logic. The comparator array compares the input signal with 256 ref- 
erence voltages to produce an N - of - 256 code. This is sometimes 
called a “Thermometer” code because all of the comparators with 
their reference voltage less than the input signal will be “on” while 
those with their reference above the input will be “off”. 

The reference voltage generator consists of a string of precisely 
matched resistors which generate the 256 voltages needed by the 
comparators. The voltages at the ends of the resistor string set the 
maximum and minimum conversion range and are typically OV 
and -2V, respectively. 

Included in the encoding function is Error Detection and Correc- 
tion logic which ensures that a corrupted Thermometer code is 
correctly encoded. 

The output logic latches and holds the data constant between 
samples. The output timing is designed for an easy interface to 
external latches or memories using the same clock as the ADC. 

POWER 

The IDT75C58 requires two power supply voltages, Vcc and 
Vee. Typically, V E e = -5.0V and V C c = +5.0V. Two separate 
grounds are provided, Agnd and Dgnd, the analog and digital 
grounds. The difference between Agnd and Dgnd must not exceed 
± 0.1V and all power and ground pins must be connected. 

REFERENCE 

The IDT75C58 converts analog input signals that are within the 
range of the reference (V RB < Vi N < Vrt) into digital form. Vrb (Ref- 
erence Bottom) and Vrt (Reference Top) are applied across the 
reference resistor chain and both must be within the range of 
+ 0.1V to -2.1V. In addition, the voltage applied across the refer- 
ence resistor chain (Vrt-Vrb) must be between 1 ,8V and 2.2V, with 
Vrt more positivethan Vrb. Nominally, Vrt = 0.0VandVRB= -2.0V. 

The IDT75C58 provides a midpoint tap, RM, which allows the 
converter to be adjusted for optimum linearity or a non-linear trans- 
fer function. Adjustment of RM is not necessary to meet the linearity 
specification. Figure 6 shows a circuit which will provide approxi- 
mately 1/2 LSB adjustment to the midpoint. The characteristic im- 
pedance of RM is about 170Q and this node should be driven from 
a low impedance source. Any noise introduced at this point will 
couple directly into the resistor chain, seriously affecting 
performance. 


Due to the unavoidable coupling with the clock and the input 
signal, R T and R B should provide low AC impedance to ground. 
For applications with a fixed reference, a bypass capacitor is 
recommended. 

CONTROL 

Two function control pins, OE1 and OE2 control the outputs with 
the function shown in Table 1. 

CONVERT 

The IDT75C58 begins a conversion with every rising edge of the 
convert signal, CONV. The analog input signal is sampled on the 
rising edge of CONV, while the outputs of the comparators are en- 
coded on the falling edge. The next rising edge latches the en- 
coder output which is presented on the output pins. 

The input sample is taken within 15ns of the rising edge of 
CONV. This is called tsTo or the Sampling Time Offset. This delay 
varies by a few nanoseconds from part to part and as a function of 
temperature, but the short term uncertainty or jitter is less than 
60ps. If the maximum CONV pulse width HIGH time (tpwH) is ex- 
ceeded, the accuracy of the input sample may be impaired. The 
maximum CONV pulse width LOW time (tpwi.) may be exceeded, 
but the digital output data for the sample taken by the previous ris- 
ing edge of CONV will be meaningless. It is recommended that 
CONV be held LOW during longer periods of inactivity. 

The digital output data is presented at t R the Digital Output De- 
lay Time, after the next rising edge of CONV. Previous output data 
is held forthetHo (Output Hold Time) afterthe rising edge of CONV 
to allow for non-critical timing in the external circuitry. This means 
that the data for sample N is acquired while the converter is taking 
sample N + 2. 

ANALOG INPUT 

The IDT75C58 uses strobed, auto-zeroing, latching compara- 
tors. For optimum performance, the source impedance of the ana- 
log driver must be less than 250. All three analog input pins must 
be connected together as close to the package as possible. The 
input signal must remain within the range of Vcc to Vee to prevent 
damage to the device. 

If the analog input signal is within the reference voltage range, 
the output will be a binary number between 0 and 255. An input sig- 
nal below Vrb will yield a full-scale (all outputs low) output while an 
input above Vrt will cause an OVFL output. 
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STEP 

! RANGE | 

OUTPUT 

OVFL 


-2.0000V FS 
-7.8431 mV/Step 

-2.0480V FS 
-8.000mV/Step 



256 

0.0000V 

0.0000V 

11111111 

1 

255 

-0.0078V 

-0.0080V 

11111111 

0 

254 

-0.0156V 

-0.0160V 

11111110 

0 











129 

-0.9961V 

-1.0160V 

10000000 

0 

128 

-1.0039V 

-1.0240V 

01111111 

0 

127 

-1.0118V 

-1.0320V 

01111110 

0 











001 

-1.9921V 

-2.0320V 

00000001 

0 

000 

-2.0000V 

-2.0400V 

00000000 

0 


Figure 1. Output Coding 




Figure 2. Timing Diagram 



Figure 3. Output, Enable/Disable Timing 


OE1 

OE2 

o° 

1 

o 

-•4 

OVFL 

0 

1 

Valid 

Valid 

1 

1 

High Z 

Valid 

X 

0 

High 2 

High Z 


Table 1. Function Control 


Vcc 



8100 


1N3062 


Figure 4. Output Load 1 
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IDT75C58 FLASH A/D CONVERTER 


ABSOLUTE MAXIMUM RATINGS (1) 


RATING 


SYMBOL 


POWER SUPPLY 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


o 

o 

> 

Measured to D gnd 

-0.5 to +7.0 

V 

< 

m 

m 

Measured to A GND 

1 

o 

cn 

o 

o 

ID 

a gnd 

Measured to D gnd 

-0.5 to +0.5 

V 

INPUT VOLTAGE 

CONV, OE1, OE2 

Measured to D gnd 

-0.5 to V C c +0.5 

V 

V IN . V RT' V RB 

Measured to A GND 

Vcc V EE 

ID 

Vrt 

Measured to V RB 

-2.2 to +2.2 

V 

OUTPUT 

Applied Voltage ® 

Measured to D gnd 

-0.5 to V cc +0.5 

V 

Applied Current * 2, 3 ' 4) 

Externally forced 

-3.0 to + 6.0 


Short Circuit Duration 

Single output High to D gnd 

1.0 

s 

TEMPERATURE 

Operating. 

Military 

-55 to +125 

m 

Ambient 

Commercial 

Oto +70 

m 


Military 

-65 to +150 

m 


Commercial 

-55 to +125 

D 



NOTES: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause 
permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other conditions above those indicated in the operational sec- 
tion of this specification is not implied. Exposure to Absolute Maximum Rating conditions 
for extended periods may affect reliability. Absolute Maximum Ratings are limiting values 
applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 


AC ELECTRICAL CHARACTERISTICS 

Specifications over the Recommended Operating Conditions unless otherwise stated. 


PARAMETER 

TEST CONDITIONS 

Max. Conversion Rate 

Vcc = Min.,V EE = Min. 

Sampling Time Offset 

Vcc = Min..V EE = Min. 

Digital Output Delay 

Vcc = Min.,V EE = Min., Load 1 

Digital Output Hold Time 

V C c = Max.,V EE =Max„ Load 1 

Output Disable Time from HIGH 

Vcc = Min..V EE = Min„ Load 1 

Output Disable Time from LOW 

Vcc = Min.,VEE = Min., Load 1 

Output Enable Time to HIGH 

Vcc = Min. ,V E E = Min.. Load 1 

Output Enable Time to LOW 

Vcc = Min.,VEE = Min., Load 1 


TEMPERATURE RANGE 


COMMERCIAL 
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DC ELECTRICAL CHARACTERISTICS 

Specifications over the Recommended Operating Conditions unless otherwise stated. 


TEST CONDITIONS 



TEMPERATURE RANGE 


Positive Supply Current 


Negative Supply Current 


Reference Current (R T to R B ) 


Reference Resistance (Ry to R B ) 


Equiv. Input Resistance 


Equiv. Input Capacitance 


Input Const. Bias Current 


Input Current Logic LOW 


Input Current. Logic HIGH 


Input Current, Max. Input Voltage 


Output Voltage, Logic LOW 


Output Voltage, Logic HIGH 


Output High Z Current 


Digital Input Capacitance 


Digital Output Capacitance 


C 0 


NOTE: 

1 . Worst case, all digital inputs and outputs LOW. 


V cc =Max„ static* 1 ) 


V EE = Max., static f 1 * 


V RT ,V RB = NOM 


V RT ,V RB = NOM 


V R j, V RB = NOM. V|n = VRB 


Vrt, V RB = NOM, V| N = VRB 


V EE = Max. 


Vcc = Max., Vih = 0.5V 
CONV, NMINV, NLINV 


V cc = Max„ V, L = 2.4V 


V cc = Max.,Vi=\fcc 


Vcc = Min., Iql = 4.0mA 


Vcc = Min., Ioh = -2.0mA 


V C c = Max. 


T a = +25°C, F = 1MHz 



SYSTEM PERFORMANCE 

Specifications over the Recommended Operating Conditions unless otherwise stated. 
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RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TEMPERATURE RANGE 

UNIT 

COMMERCIAL 

MIN. NOM MAX. 

MILITARY 

MIN. NOM MAX. 

v cc 

Positive Power Supply 

4.75 

5.0 

5.25 

4.5 

5.0 

5.5 

V 

Vee 

Negative Power Supply 

-4.75 

-5.0 

-5.5 

-4.5 

-5.0 

-5.5 

V 


Analog Ground Voltage (ref C\~ ND ) 

-0.1 

0 

+ 0.1 

-0.1 

0 

+ 0.1 

V 

l PWL 

CONV, Pulse Width LOW 

18 

- 

100,000 

18 

- 

100,000 

ns 

tpWH 

CONV, Pulse Width HIGH 

22 

- 

20,000 

22 

- 

20,000 

ns 

V, L 

Input Voltage, Logic LOW 

-0.5 

- 

0.8 

-0.5 

- 

0.8 

V 

V|H 

Input Voltage, Logic HIGH 

2.0 

- 

Vcc + T 

2.0 

- 

Vcc + -1 

V 

loL 

Output Current, Logic LOW 

- 

- 

4.0 

- 

- 

4.0 

mA 

^OH 

Output Current, Logic HIGH 

- 

- 

-400 

- 

- 

-400 

pA 

V RT 

Most Positive Reference Voltage 

-0.1 

0 

+ 0.1 

-0.1 

0 

+ 0.1 

V 

Vrb 

Most Negative Reference Voltage (1) 

-1.9 

-2.0 

-2.1 

-1.9 

-2.0 

-2.1 

V 


Reference Voltage Range 

1.8 

2.0 

2.2 

1.8 

2.0 

2.2 

V 

V,N 

Input Voltage Range 

Vrb 

- 

Vrt 

Vrb 

- 

Vrt 

V 

Ta 

Ambient Temperature, Still Air 

0 

- 

70 

- 

- 

- 

°C 

To 

Case Temperature 

- 

- 

- 

-55 

- 

+ 125 

°C 


NOTE: 


1 . V RT must be more positive than V RB and the voltage reference differential must be within the specified range. 


CALIBRATION 

The calibration of the IDT75C58 involves the setting of the 1st 
and 255th comparator thresholds to the desired voltages. This is 
done by varying the top and bottom voltages on the reference re- 
sistor chain, Vrt and V RB , to compensate for any internal offsets. 
Assuming a nominal OV to -2 V reference range, apply -0.0039V (1/2 
LSB from 0V) to the analog input, continuously strobe the device 
and adjust Vrt until the OVFL output toggles between 0 and 1 . To 
adjust the 256th comparator, apply -1.996V (1/2 LSB from -2V) to 
the analog input and adjust V rb until the converter output toggles 
between the codes 0 and 1 . 

The offset errors are caused by the parasitic resistance between 
the package pins and the actual resistor chain on-chip and are 
shown as R1 and R2 in the Functional Block Diagram. The offset 
errors, Eot and Eob , are specified in the System Performance Ta- 
ble and indicate the degree of adjustment needed. 

The previously described calibration scheme requires that both 
ends of the reference resistor chain be adjustable, i.e. be driven by 
operational amplifiers. A simpler method is to connect the top of 
the resistor chain, Rt, to analog ground or 0V and to adjust this end 
of the range with the input buffer offset control. The offset error at 
the bottom of the resistor chain results in a slight gain error which 
can be compensated for by varying the voltage applied to Rb. This 
is a preferred method for gain adjustment since it is not in the input 
signal path. See Figure 5 for a detailed circuit diagram of this 
method. 


TYPICAL INTERFACE 

Figure 5 shows a typical application example for the IDT75C58. 
The analog input amplifier is a bipolar wideband operational am- 
plifier whose low impedance output directly drives the A/D Con- 
verter. The input buffer amplifier is configured with a gain of minus 
two which will convert a standard video input signal (IV p-p) to the 
recommended 2 V converter input range. Both V !N pins are con- 
nected together as close to the package as possible and the input 
buffer feedback loop is closed at this point. Bipolar inputs, as well 
as the calibration of the reference top, are accomplished using the 
offset control. A band-gap reference is used to provide a stable 
voltage for both the offset and gain control. A variable capacitor in 
the input buffer feedback loop al lows optimization of either the step 
orfrequency response and may be replaced by a fixed value in the 
final version of the printed circuit board. 

To ensure operation to the rated specifications, proper decou- 
pling is needed. The bypass capacitors should be located close to 
the chip with the shortest lead length possible. Massive ground 
planes are recommended. If separate digital and ground planes 
are used, they should be connected together at one point close to 
the IDT75C48. 

The bottom reference voltage, V RB , is supplied by an inverting 
ampl ifier buffered by a PNP transistor. The transistor provides a low 
impedance source and is necessary to provide the current flowing 
through the resistor chain. The bottom reference voltage may be 
adjusted to cancel the gain error introduced by the offset voltage, 
Eob, as discussed in the calibration section. 
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IDT75C58 FLASH A/D CONVERTER 


CLOCK 


ANALOG 

INPUT 


OV 


-2V 
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Figure 7. Simplified 9-Blt Application 
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ORDERING INFORMATION 


Commercial (0°C to +70°C) 

Military (-55°Cto + 125°C) 
Compliant to MIL-STD-883, Class B 

CERDIP (600 mil) 

LCC (450 mil square) 

] 20 MHz 

-| S Standard Power 


IDT 


xxxx 


X 


X 


Device Type Power Speed Package 


Process/ 


Temp 

Ra 

Brature 

ige 

1 

1 


BLANK 

B 


75C58 


Flash A/D Converter 







Integrated Device Technology. Inc. 


CMOS 8-BIT 
FLASH ADC MODULE 


ADVANCE 

INFORMATION 

IDT75M48 


FEATURES: 

• 20 MSPS conversion rate 

• 8-bit resolution 

• 1/2 LSB linearity 

• Low power consumption: 750mW 

• 24-pin, 600 mil DIP footprint 

• Input bandwidth >7MHz, no sample and hold required 

• On-board voltage reference and analog input buffer 

• TTL-compatible inputs and outputs 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Modules available with the semiconductor components compli- 
ant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT75M48 is a 20 MegaSample per Second (MSPS), fully 
parallel Flash Analog to Digital Converter subsystem. Contained 
within the module is the IDT75C48 Flash ADC and all the periph- 
eral components needed to make a fully functional converter. 
Careful attention has been paid to the substrate layout and power 
supply bypassing to ensure the highest performance. 

The IDT75M48 is built using LCC packages mounted on a multi- 
layer ceramic substrate using IDT’s high-reliability vapor phase 
solder reflow process. 

The IDT75M48 military ADC module is available with semicon- 
ductor components manufactured in compliance with the latest 
revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



1987 Integrated Device Technology, Inc. 
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• 20 MSPS conversion rate 

• 9-bit resolution 

• 1/2 LSB linearity 

• Low power consumption: 950mW 

• 24-pin, 600 mil DIP footprint 

• Input bandwidth >7MHz 

• On-board voltage reference and analog input buffer 

• TTL-compatible inputs and outputs 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


The IDT75M49 is a 9-bit, 20 MegaSample per Second (MSPS), 
fully parallel Flash Analog to Digital Converter subsystem. Con- 
tained within the module are two IDT75C58 Flash ADCs and all the 
peripheral components needed to make a fully functional 9-bit 
converter. Careful attention has been paid to the substrate layout 
and power supply bypassing to ensure the highest performance. 

The IDT75M49 is built using LCC packages mounted on a multi- 
layer ceramic substrate using IDT’s high-reliability vapor phase 
solder reflow process. 

The IDT75M49 military ADC module is available with the semi- 
conductor components manufactured in compliance with the lat- 
est revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 



© 1987 Integrated Device Technology. Inc. 
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ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORIES 


An Electrically Erasable (E 2 ) CEMOS technology has been de- 
veloped to produce high-performance, programmable, non- 
volatile devices that include E 2 PROMs. In memory products, it is 
IDT’s intent to develop E 2 PROMs that mimic SRAM performance. 
IDT E 2 products will closely follow IDT SRAM innovations in speed, 
density and application specific features. Products include JEDEC 
pin-function compatible E 2 PROMs, E 2 PROMs with serial accessi- 


bility and registers, and high density E 2 PROM modules. IDT 
nonvolatile products utilize the industry standard floating gate thin 
oxide technology and are fully tested to meet endurance and data 
retention specifications. 

IDT E 2 PROMs are designed for military and commercial 
temperature applications. Radiation tolerant and radiation 
enhanced E 2 PROMs will also be available. 
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FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 75ns (max.) 

— Commercial: 70ns (max.) 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling -detection of write cycle completion 

• Low-power CEMOS ™ technology 

— 125mA active current 

— 0.9mA standby current (full CMOS) 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• JEDEC approved byte-wide pinout 

• 24-pin THINDIP (300 mil.), 24-pin DIP (600 mil.) and 32-pin LCC 

• Military product compliant to MIL-STD-883, Class B 


FUNCTIONAL BLOCK DIAGRAM 


x 

BUFFERS 
LATCHES AND 
DECODER 


ADDRESS 
INPUTS 
An - Am 


Y 

BUFFERS 
LATCHES AND 
DECODER 


CONTROL 

LOGIC 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology. Inc. 


DESCRIPTION: 

The IDT78C16A is a 5 volt only 2K x 8 Electrically Erasable Pro- 
grammable Read-Only Memory (EEPROM). This high-speed 
CEMOS ™ EEPROM is written on a byte basis and provides 1 6,384 
bits of non-volatile data storage (data retention in excess of 100 
years). Its fast read access time allows zero wait state read cycles 
with high-performance microprocessors. 

Writing is simplified by an internal charge-pump and timer cir- 
cuit which eliminates the need for special external programming 
voltage and write pulse shaping circuits. Byte erase before write 
occurs automatically and input buffers, latches and intern al time r 
free the host system for other tasks during the write cycle. A DATA 
Polling mode provides a method for determining write cycle com- 
pletion. The IDT78C16A also contains a dual voltage detection 
logic circuit which allows the device to be used in older applica- 
tions which incorporate external programming circuits. 

The IDT78C16A is function- and pinout-compatible with the 
IDT61 16, 2K x 8 static RAM. It is ideal for systems requiring non- 
volatility and in-system data modifications. 

Military grade product is manufactured in compliance to the lat- 
est revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 


16,384 BIT 
EEPROM 
ARRAY 


I/O 

BUFFERS 

AND 

LATCHES 


DATA 

INPUTS/OUTPUTS 
l/O 0 - l/0 7 
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IDT78C16A FAST CMOS 
EEPROM 16K (2K x 8-BIT) 
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PIN CONFIGURATIONS 



V C c 

As 

Ag 

WE 

UE 

Aio 

CE 

I/O 7 

I/Ob 

l/0 5 

l/0 4 

l/0 3 



As 

A 9 

NC 

NC 

<5E 

Aio 

CE 

\/Oj 

I/Ob 


TOFMREW 


PIN NAMES 


> 

0 

1 

> 

Addresses-Column 

0 

< 

1 

< 

Addresses-Row 

CE 

Chip Enable 

OE 

Output Enable 

WE 

Write Enable 

I/Oq - l/0 7 

Data Input (l 0 - l 7 ) during write; 

Data Output (O 0 - 0 7 ) during read 

v cc 

Power 

GND 

Ground 


12-2 




IDT78C16A FAST CMOS 
EEPROM 16K(2Kx 8-BIT) 
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DEVICE OPERATIONAL MODE (1) 


MODE 

PIN 

i/o 0 - l/0 7 

CE 

OE 

WE 

Read 

V|L 

V|L 

V| H 

DataouT (Go - O7) 

Byte Write 

V,L 

V, H 

V, L 

Data, N (l 0 - l 7 ) 

Standby 

V|H 

Don’t 

Care 

Don't 

Care 

High Z 

Write Inhibit 

Don't 

Care 

V|L 

Don't 

Care 

High Z 

Don't 

Care 

Don't 

Care 

V,H 

High Z 


NOTE: 

1 . All control inputs are TTL-compatible. 


READ MODE 

Chip Enable (CE) and Output Enable (OE) must be logically ac- 
tive in order for data to be available at the outputs. After a selected 
byte address is stable, CE is taken to a TTL LOW (enabling chip). 
The Write Enable (WE) pin should remain deselected (TTL HIGH) 
during the entire rea d cycle. Data is gated from the device outputs 
by selecting the OE pin (TTL LOW). 

WRITE MODE 

The IDT78C16A is programmed electrically in-circuit and does 
not require any external latching, erasing or timing. Writing to the 
I DT78C1 6A is as easy as writing to a static RAM . When a write cycle 
is initiated, the device automatically latches the address, data and 
control signals as it begins its write operation. 

A write cycle is initiated when both CEandWE are LOW and OE 
is HIGH. The IDT78C16A supports both a CE and WE controlled 
write cycle. All inputs, except for data, are latched on the falling 
edge of either CE or WE, whichever occurs last. Data is then 
latched in by the rising edge of either CE or WE, whichever oc- 
curred first. An automatic byte erase of the existing data at the ad- 
dressed location is performed before the new data byte is written. 
Once initiated, a byte write operation will automatically proceed to 
completion within 10ms. 

STANDBY MODE 

The IDT78C16A features a standby mode which reduces the 
maxi mum active current from 1 25mA to 20mA for TTL levels and to 
0.9mA for CMOS levels. With CE > Vih all outputs are in the high 
impedance state. 

DATA PROTECTION 

Nonvolatile data is protected from inadvertent writes in the fol- 
lowing manner: 

Power Up/Down 

On-chip circuitry provides protection against false write during 
Vcc power up/down. The IDT78C1 6A features an internal sensing 
circuit that disables the internal programming circuit if V C c < 3.8V. 
This prevents input signals at CE, WE and OE from triggering a 
write cycle during a V C c power up/down event. 


Noise Protection 

The IDT78C16A will typically reject write pulses that are less 
than 15ns. This prevents spurious noise from initiating a write 
cycle. 

Write Inhibit 

Holding either OE LOW, WE HIGH or CE HIGH during a power- 
on and power-off, will inhibit inadvertent writes. 


DATA Polling 

The IDT78C16A has a maximum write cycle time of 10ms; a 
write will always be completed in less than the maximum cycle 
time. Write cycle comp letion is readily determined via a simple 
software routine ( DATA Polling) that performs a read operation 
while the device is in an automatic write mode. If a read command 
(addressed to the last byte written) is given whi le the I DT78C1 6A is 
still writing, the inverse of the most significant bit (I/O7 pin) of the 
last byte written will be present. T rue da ta is not released until the 
write cycle is completed. Thus, a DATA polling monitor of the out- 
put (or periodic read of the last written byte) for true data can be 
used to detect early completion of a write cycle. 

ENDURANCE 

IDT’s EEPROM technology employs the Fowler-Nordheim 
method of tunneling across a thin oxide. IDT78C16A EEPROMs 
are designed and tested for applications requiring extended en- 
durance. 

The endurance failure mechanism associated with EEPROMs 
results from the charge trapping in the thin tunneling dielectric. 
This failure is a function of the numberof write cycles that each byte 
in the part has experienced. Trapped charges accumulate slowly 
with each write cycle, eventually becoming large enough to pre- 
vent reliable writing to the bit cell. Since some bits may be more 
sensitive than others, an endurance failure is typically a single bit 
failure (i.e. a failure of a single bit to properly write or retain data). 

Totest for endurance, sample devices are written 10,000 times 
at every byte location and checked for data retention capability. 
IDT’s tests ensure that shipped devices will write a minimum of 
10,000 times (at every byte location) with a maximum failure rate of 
1%. This means that up to 1% of a sample of devices will fail to 
write or retain data after being written to 10,000 times. Those de- 
vices that do fail typically have a single bit(s) that fails to retain data 
after being written. 

For more detailed information please refer to the IDT Reliability 
Report on Endurance. 



1DT78C16A FAST CMOS 
EEPROM 16K(2Kx 8-BIT) 
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ABSOL UTE MAXIMUM RATINGS (1) 

RATING 

Terminal Voltage 
Vterm with Respect to 


Operating 

Temperature 


Temperature 
Under Bias 


Storage 

Temperature 


Power Dissipation 


DC Output Current 


COMMERCIAL 

MILITARY 

-0.5 to +7.0 

-0.5 to +7.0 

Oto +70 

-55 to +125 

-55 to +125 

-65 to +135 

-55 to +125 

-65 to +150 

1.0 

1.0 

50 

50 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 



GRADE 

AMBIENT 

TEMPERATURE 

GND 

Military 

-55 °C to +125°C 

OV 

Commercial 

0°Cto +70°C 

0 V 


5.0V ± 10% 


5.0V + 10% 


RECOMMENDED DC OPERATING CONDITIONS 



NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXI MUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

H9E9 

5.5 

■M 

V,H 

Input High Voltage 

2.2 

3.5 

6.0 

mm\ 

V,L 

Input Low Voltage 

-0.3 

0.4 

0.8 

V 

V W1 

Write Inhibit 

3.8 | - 

- 

V 


I 


CAPACITANCE (T a = +25°c.f = i.omhz,v cc = 5.ov) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

TYP. 

UNIT 

C|N 

Input Capacitance 

z 

II 

§ 

6 

PF 

Cour 

Output Capacitance 

Vour= 0V 

8 

PF 



DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified 

T a = 0°C to +70°C Vcc = 5.0V ±10% (Commercial) 

T a = -55 °C to +125°C Vcc = 5.0V±10% (Military) 

V LC = 0.2 V V HC = Vcc -0.2V 

C L = 30pF 
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IDT78C16A FAST CMOS 
EEPROM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (v cc = s.ov ±10%, c L = 30 pF, o°cto + 70 °c) 




COMMERCIAL 0°Cto +70°C 


SYMBOL 

PARAMETER 

78C16A70 
MIN. MAX. 

78C16A90/100 
MIN. MAX. 

78C16A120 
MIN. MAX. 

78C16A150 
MIN. MAX. 

78C16A200 
MIN. MAX. 

UNIT 

READ CYCLE 

*CE 

Chip Enable Access Time 


70 

- 

90/100 

- 

120 

- 

150 

- 

200 

ns 

l AA 

Address Access Time 

70 

- 

90/100 

- 

120 

- 

150 

- 

200 


l 0E 

Output Enable to Output Valid 

- 

50 

- 

60/65 

- 

70 

- 

70 

- 

70 

BIH 

l CL Z 

Chip Enable to Output in Low Z* 1 * 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns | 

l OlZ 

Output Enable to Output in Low Z (1) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


*CHZ 

Chip Disable to Output in High Z (1) 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

IQII 

'oHZ 

Output Disable to Output in High Z (1) 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 


5 

- 

5 

- 

ns 


NOTE: 

1 . This parameter is guaranteed but not tested. 


AC ELECTRICAL CHARACTERISTICS (V cc = s.ov ±10%, c L = 30pF, -55°c to +125°C) 







MILITARY - 

-55°C to +125°C 





SYMBOL 

PARAMETER 

78C16A75 
MIN. MAX. 

78C16A90/100 
MIN. MAX. 

78C16A120/150 
MIN. MAX. 

78C1 6A200/250 
MIN. MAX. 

78C1 6A300/350 
MIN. MAX. 

UNIT 

| READ CYCLE | 

l CE 

Chip Enable Access Time 

- 

75 

- 

90/100 

- 

120/150 

- 

200/250 

- 

300/350 

l nS l 

*AA 

Address Access Time 

- 

75 

- 

90/100 

- 

120/50 

- 

200/250 

- 

300/350 

BE1 

*0E 

Output Enable to Output Valid 

- 

50 

- 

60/65 

- 

70 

- 

70 

- 

70 


'ciZ 

Chip Enable to Output in Low Z (1) 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

1 ns 1 

toiz 

Output Enable to Output in Low Z (1) 

5 

- 

5 

■ - 

5 

- 

5 

- 

5 

- 

um 

*CHZ 

Chip Disable to Output in High Z (1) 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

mm 

*OHZ 

Output Disable to Output in High Z (1) 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTE: 

1 . This parameter is guaranteed but not tested. 
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IDT78C16A FAST CMOS 
EEPROM 16K(2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1' 


DATA out 

NOTE: 

1 . WE is HIGH for Read Cycle. 



MM 

3m 


TIMING WAVEFORM OF READ CYCLE NO. 2 (1> 



DATA out 

NOTE: _ 

1. WE is HIGH; CE = y L ; OE = y L 


TIMING WAVEFORM OF READ CYCLE NO. 3 



1 . WE is HIGH; OE = V| L ; address valid prior to or coincident with CE transition LOW. 
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IDT78C16A FAST CMOS 

EEPROM 16K (2Kx 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V ±10%, All Temperature Ranges; C L = 30pF) 


SYMBOL 

PARAMETER 

MIN. 

MAX 

UNIT 

WRITE CYCLE 

*AS 

Address Set-up Time 

5 

- 

ns 

*AH 

Address Hold Time 

50 

- 

ns 

*DS 

Data Set-up Time 

20 

- 

ns 

*DH 

Data Hold from Write Time 

15 

- 

ns 

*OES 

Output Enable Set-up Time 

5 

- 

ns 

'oEH 

Chip Enable Hold from Write Time 

15 

- 

ns 

mmm 

Chip Enable Set-up Time 

0 

- 

ns 

'cEH 

Chip Enable Hold Time 

0 

- 

ns 

*WP 

Write Pulse Width 

50 

- 

ns 

'wB 

Byte Write Cycle 

- 

10 

ms 

*DBV 

DATA Polling to DATA Valid 

- 

t0E 


*WH 

Write Hold Time 

15 

- 

ns 

'dp 

End of Write Pulse to DATA Polling 

15 

- 

ns 

l WES 

Write Enable Set-up Time 

0 

- 

ns 

'WEH 

Write Enable Hold Time 

0 

- 

ns 

tpv 

Data Valid Time I 1 - 2 ) 

- 

1 

ps 


NOTES: 

1 . Data must be valid within Ips maximum and must remain valid if t WP is longer than Ips. 

2. This parameter is guaranteed but not tested 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 
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IDT78C16A FAST CMOS 
EEPROM 16K (2K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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FAST CMOS EEPROM WITH 
SERIAL PROTOCOL CHANNEL 
(SPC™) 16K (2Kx 8-BIT) 


IDT78C18A 


FEATURES: 

• 2K x 8 EEPROM with serial write and readback 

• 5 volt only operation 

• Fast access times 

— Military: 75ns (max.) 

— Commercial: 70ns (max.) 

• Low-power CEMOS ™ technology 

— Active Current: 125mA 

— Standby Current (full CMOS): 0.9mA 

• Serial Protocol Channel (SPC) allows load and readout of the 
memory array over a 4-wire channel 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling -detection of write cycle completion 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• Available in 28-pin THINDIP and 32-pin LCC 

• Military product compliant to MIL-STD-883, Class B 

FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT78C18A is a 5 volt only 2Kx8 Electrically Erasable 
Programmable Read-Only Memory (EEPROM) with Serial Proto- 
col Channel (SPC). SPC complements the EEPROM’s parallel 
information path by providing a serial link (4 additional pins) by 
which its nonvolatile array can be loaded or read. The IDT78C18A 
is written on a byte basis and provides 16,384 bits of nonvolatile 
data storage (data retention in excess of 100 years). Fast read 
access times allow zero wait state cycles with high-performance 
microprocessors. 

Writing is simplified by an internal charge-pump and timer 
circuit which eliminates the need for external programming voltage 
and write pulse shaping circuits. Internal latches free the host sys- 
tem for other tasks duri ng a w rite cycle. Byte erase before write 
occurs automatically. A DATA Polling mode is provided for deter- 
mining write cycle completion. 

The IDT78C18A is ideal for systems requiring nonvolatility and 
in-system data modifications. With SPC, a serial link can be estab- 
lished during board layout for easy field updates of code changes. 

The IDT78C18A military EEPROM is manufactured in compli- 
ance with the latest revision of MIL-STD-883, Class B, making it 
ideally suited to military temperature applications demanding the 
highest level of performance and reliability. 


ADDRESS 
INPUTS 
A 0 - A 10 


SERIAL 
DATA IN 


r 


< 


V. 


CE 

OE 

WE 

SDI 

SCLK 

C/15 



DATA 

INPUTS/OUTPUTS 
I/Ob - l/0 7 


CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 

■ 

© 1987 Integrated Device Technology, Inc. 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 



DIP 

TOP VIEW 



topvSew 


DEVICE OPERATIONAL MODE (, - 2) 


PIN 

MODE^"\_ 

CE 

oE 

WE 

l/O 0 - l/0 7 

Read 

V|L 

V,L 

V, H 

Data 0UT (Oq - O 7 ) 

Byte Write 

Ml 

V,H 

Mil 

Data iN Of) -1 ?) 

Standby 

Mh 

Don’t 

Care 

Don’t 

Care 

High Z 

Write Inhibit 

Don’t 

Care 

Ml 

Don’t 

Care 

High Z 

Don’t 

Care 

Don’t 

Care 

V, H 

High Z 

Chip Erase 

Ml 

V h ( 2 ) 

V h (2) 

High Z 


NOTES: 

1 . All control inputs are TTL-compatible. 

2. V H = High Voltage; optional function, consult IDT for more details. 


PIN NAMES 


> 

O 

1 

> 

Addresses-Column 

0 
<" 

1 

< 

Addresses-Row 

DE 

Chip Enable 

UE 

Output Enable 

WE 

Write Enable 

I/Ob - i/o 7 

Data Input (l 0 - 1 7 ) during write; 

Data Output (O 0 - 0 7 ) during read 

SDI 

Serial Data Input 

SDO 

Serial Data Output 

SCLK 

Data Clock Input 

C/D 

Command/Data 


12 


SPC OPERATIONAL MODES <1) 


MODE 

CE 

OE 

WE 

C/D 

SCLK 

FUNCTION 

Command 

X 

X 

X 

H 

_r 

Shift bit into command register 

Data 

X 

X 

X 

L 

_r 

Shift bit into data register 

Execute 

X 

X 

X 

1_ 

_ r 

Execute command during time 
between C/D and SCLK 


NOTE: 

1 . X = Don't Care 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K <2K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


READ MODE 

Chip Enable (CE) and Output Enable (OE) must be logically 
active In order for data to be available at the outputs. After a se- 
lected byte address Is stable. CE Is taken to a TTL LOW (enabling 
chip). The Write Enable (WE) pin should remain deselected (TTL 
HIGH) during the entire r ead cycle. Data is gated from the device 
outputs by selecting the OE pin (TTL LOW). For serial read func- 
tion, see description within “Serial Protocol Channel” section. 

WRITE MODE 

The IDT78C18A is programmed electrically in-circuit and does 
not require any external latching, erasing or timing. Writing to the 
IDT78C1 8A is as easy as writing to a static RAM. When a write cycle 
is initiated, the device automatically latches the address, data and 
control signals as it begins its write operation. 

A write cycle is initiated when both CE and WE are LOW and 

OE is HIGH. The IDT78C18A supports both a CE and WE con- 
trolled write cycle. AH inputs, except for data, are latched on the 
falling edge of either CE or WE, whichever occurs last. Data Isthen 
latched in by the rising edge of either CE or WE, whichever oc- 
curred first. An automatic byte erase of the existing data at the ad- 
dressed location is performed before the new data byte is written. 
Once initiated, a byte write operation will automatically proceed to 
completion within 10ms. For serial write function, see description 
within “Serial Protocol Channel” section. 

STANDBY MODE 

The IDT78C18A features a standby mode which reduces the 
maxi mum active current from 1 25mA to 20mA for TTL levels and to 
0.9mA for CMOS levels. With (5E > Vih all outputs are in the high 
impedance state. 

DATA PROTECTION 

Nonvolatile data is protected from inadvertent writes in the fol- 
lowing manner: 

Power Up/Down 

On-chip circuitry provides protection against false write during 
Vcc power up/down. The IDT78C18Afeatures an internal sensing 
circuit that disables the Interna l program min g cir cuit if Vex; < 3.8V. 
This prevents input signals at CE, WE and OE from triggering a 
write cycle during a Vex power up/down event. 

Noise Protection 

The IDT78C18A will typically reject write pulses that are less 
than 15ns. This prevents the initiation of a write cycle by a noise 
occurrence. 

Write Inhibit _ 

Holding either OE LOW, WE HIGH or CE HIGH during a power- 
on and power-off, will inhibit inadvertent writes. 


DATA POLLING 

The 1DT78C18A has a maximum write cycle time of 10ms; a 
write will always be completed in less than the maximum cycle 
time. Write cycle comp letion is readily determined via a simple 
software routine ( DATA Polling) that performs a read operation 
while the device is in an automatic write mode. If a read command 
(addressed to the last byte written) is given while the IDT78C1 8A Is 
still writing, the inverse of the most significant bit (I/O7 pin) of the 
last byte written will be present. The most significan t bit b ecomes 
valid when the write cycle is completed. Thus, a DATA Polling 


monitor of the output (or periodic read of the last written byte) for 
true data can be used to detect early completion of a write cycle. 

CHIP ERASE 

In particular applications, erasure of the entire chip (all bytes si- 
multaneously) may be desired. An optional chip erase feature of 
the IDT78C18A allows erasure of the entire chip within 5ms. Con- 
tact IDT for more details regarding this optional function. 

ENDURANCE 

IDT’s EEPROM technology employs the Fowler-Nordheim 
method of tunneling across a thin oxide. IDT78C18A EEPROMs 
are designed and tested for applications requiring extended 
endurance. 

The endurance failure mechanism associated with EEPROMs 
results from the charge trapping in the thin tunneling dielectric. 
This failure is a function of the number of write cycles that each byte 
in the part has experienced. Trapped charges accumulate slowly 
with each write cycle and eventually become large enough to pre- 
vent reliable writing to the bit ceil. Since some bits are more sensi- 
tive than others, an endurance failure is typically a single bit failure 
(i.e. a failure of a single bit to properly write or retain data). 

To test for endurance, sample devices are written 10,000 times 
at every byte location and checked for data retention capability. 
IDTs tests ensure that shipped devices will write a minimum of 
1 0,000 times (at every byte location) with a maximum failure rate of 
1%. This means that up to 1% of a sample of devices will fail to 
write or retain data after being written to 10,000 times. Those de- 
vices that do fail typically have a single blt(s) that fails to retain data 
after being written. 

For more detailed information please refer to the IDT Reliability 
Report on Endurance. 

SERIAL PROTOCOL CHANNEL 

The Serial Protocol Channel (SPC™) provides a method by 
which data can bejBntered or extracted from the memory array via 
four unique pins CD, SCLK, SDI and SDO. SPC logic consists of a 
24-bit data shift register, a 4-bit command register and clock logic 
consisting of gates and a flip-flop (see block diagram). From the 
outside, SPC appears like two parallel serial shift registers; one for 
command and the other data. Data is clocked in on a Serial Data 
Input pin (SDI) and out on a Serial Data Output pin (SDO). The 
transf er of d ata is control ledby a serial clock (SCLK) and a Com- 
mand/Data mode input (C/D). The se rial clock (SCLK input) shifts 
information and the Command/Data (C/D) input selects the regis- 
ter that will be shifted. The command register (when loaded and 
executed) controls the loading of data into and out of the data regis- 
ter with regard to writing to or reading from an addressed location 
of the memory array. __ 

There are two modes for the shift operation: when C/D input js 
LOW, data information is shifted through the device and, when C/D 
Is HIGH, command is shifted through. As the C/D line transitions 
from HIGH (command) to LOW (data), a clock pulse is internally 
generated to the command decode logic and is used to execute 
the instruction in the command register (clock pulse ends when 
serial clock transitions from LOW to HIGH) . There are four steps to 
executing an SPC command: data is shifted in, command bits are 
then shifted in, the command is then executed and data is clocked 
(shifted) out. (Note: The data to the SPC is shifted in LSB first.) Dur- 
ing the data mode, data is simultaneously shifted into the serial 
data register white data in the register is shifted out. 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


Command codes that are utilized for read/write operations are 
shown below: 


Command Words (4-bit Command Register): 


0000 

0001 

0010 

3 


15 


Read 

Write (Byte) 

Invalid Command -Reserved for Optional Chip 
Erase 


No Operation 


All functions can be per forme d serially, including DATA Poll- 
ing. The operation of serial DATA Polling is the same as SPC read. 
The byte being written is read and bit 23 (representing I/O 7 ) will be 
the complement of the most significant data bit until the write cycle 
is completed. (After completion of the write cycle, bit 23 will show 
true data.) 


C/D 

SDI 

SCLK 


ADDRESS 

WE 

DE 


UE 



DATA I/O 


Figure 1. Detailed SPC Block Diagram 



IDT78C18A FAST CMOS 

EEPROM WITH SPC 16K (2Kx 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


To Read Data Out 


Shift In 11 Address Bits and 
13 Don't Care Bits on SDI 


Shift In 4 
Command Bits 
on SDI 

SCLK 
C/0 


Data Register (SDI) 
10 




~ Care Bits 

Bits 


Command 
Register (SDI) 

3 2 10 
0000 
Read Code 




Execute (C/0 HIGH to LOW executes command) 


Shift Out 11 Address in 10 Shifts*. 5 Don’t Care 
and 8 Data Bits on SDO 




Execution loads data addressed into 
Data Register for clocking out on SDO 

1015 1110 0 


When C/0 is brought LOW, address bit 0 is already at SDO. 
First rising edge on SCLK after C/0 goes LOW shifts out the 
next address bit at SDO. 


To Write Data In: 


Shift In 1 1 Address Bits. 5 Don’t 
Care and 8 Data Bits on SDI 


SCLK 

C/0 


JiJxriJTriJ nj"Ln_n 


Data Register (SDI) 
1815 mo 


Shift In 4 
Command Bits 
on SDI 


| 0001 

Write Code 




Command 
Register (SDI) 

3 2 10 


Execute (Write cycle begins on falling edge of C/0 and 
concludes within t WB ). 

Clock should be brought HIGH within 2ms 
/ to prevent triggering second write cycle. 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (,) 


nn 

RATING 

COMMERCIAL 

MILITARY 

iron 

1 

Terminal Voltage 
with Respect to 

GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

El 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 


Power Dissipation 

1.0 

1.0 

El 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


ENDURANCE 


PARAMETER 

VALUE 

UNIT 

Minimum Endurance 

10,000 

Cycles/Byte 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

K9I 

Supply Voltage 

mm 

Bfl 

5.5 

V 

mm 

Input High Voltage 

2.2 

3.5 

6.0 

mm 

V,L 

Input Low Voltage 

-0.3 

0.4 

0.8 

V 

Vwi 

Write Inhibit 

3.8 

- 

- 

V 


CAPACITANCE (T a = + 25 °c,f = i.omhz. = s.ov) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

Vin = 0V 

6 

pF 

CoUT 

Output Capacitance 

Vqut=0V 

8 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified: 

T a = 0°Cto +70°C Vqc = 5.0V ±10% (Commercial) 

T a = -55°C to +125°C Vcc = 5.0V ±10% (Military) 

V uc = 0.2V V HC = Vcc - 0.2V 

C L = 30pF 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 

Hul 

Input Leakage Current 

Vcc = Max.,V IN = GND to Vcc 

- 

10 

pA 

1 *LO 1 

Output Leakage Current 

CE = V|n or OE = V 1H , Vyo = GND to Vcc 

- 

10 

pA 

bci 

Operating Power Supply Current 

Vcc = Max., f = 0 

CE = V||_ , l|/o = 0mA 

- 

125 

mA 

( CC2 

Dynamic Operating Current 

V cc = Max., f = f M AX 

CE — V| L , Ij/q = 0mA 

- 

125 

nA 

•SB 

Standby Power Supply Current 
(TTL Level) 

CE > Vih .Vcc = Max- li/o = 0mA 

Y» >'C£§<V„st 

- 

20 

rrA 

•SB1 

Full Standby Power Supply Current 
(CMOS Level) 

CE > V HC ,V 0 c = Max., l|/o = 0mA 

Vin > V cc -0.2V or 0 < V IN < 0.2V 

- 

0.9 

nA 

VOL 

Output Low Voltage 

V C c = Min., I 0 L = 8mA 

- 

0.4 

V 

VOH 

Output High Voltage 

V cc = Min., I 0H = -2mA 

2.4 

- 

V 
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IDT78C18A FAST CMOS 

EEPROM WITH SPC16K(2Kx 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges; C L = 30pF) 


SYMBOL 

PARAMETER 

COM’L ONLY 
IDT78C18A70 
MIN. MAX. 

COMMERCIAL/MILITARY 

IDT78C18A75< 2 >/90 IDT78C18A100/120 IDT78C18A1 50/200 
MIN. MAX. MIN. MAX. MIN. MAX. 

UNIT 

READ CYCLE 

*CE 

Chip Enable Access Time 

- 

70 

- 

75/90 

- 

100/120 

- 

150/200 

ms 

'AA 

Address Access Time 

- 

70 

- 

75/90 

- 

100/120 

- 

150/200 

ns 

*OE 

Output Enable to Output Valid 

- 

50 

- 

50/60 

- 

65/70 

- 

70 

jjSfM 

'cLZ 

Chip Enable to Output in Low Z (1) 

5 

- 

5 

- 

5 

- 

5 

- 


'oLZ 

Output Enable to Output in Low Z (1) 

5 

- 

5 

- 

5 

- 

5 

- 


'cHZ 

Chip Disable to Output in High Z (1) 

0 

20 


20/30 

0 

20/30 

0 

20/30 


'oHZ 

Output Disable to Output in High Z (1) 

0 

20 

0 

20/30 

0 

20/30 

0 

20/30 

ns 

'oH 

Output Hold from Address Change 

5 

I 

5 

- 

5 

- 

5 



ns 


NOTES: 

1. This parameter is guaranteed but not tested. 

2. Military temperature range only. 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, All Temperature Ranges; C L = 30pF) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

WRITE CYCLE 

'as 

Address Set-up Time 

5 

- 

ns 

l AH 

Address Hold Time 

50 

- 

ns 

'ds 

Data Set-up Time 

20 

- 

ns 

'dh 

Data Hold from Write Time 

15 

- 

ns 

'oES 

Output Enable Set-up Time 

5 

- 

ns 

'oEH 

Chip Enable Hold from Write Time 

15 

- 

ns 

'cES 

Chip Enable Set-up Time 

0 

- 

ns 

'cEH 

Chip Enable Hold Time 

0 

- 

ns 

'wp 

Write Pulse Width 

50 

- 

ns 

'wb 

Byte Write Cycle 

- 

10 

ms 

'dBV 

DATA Polling to DATA Valid 

- 

'OE 


*WH 

Write Hold Time 

15 

- 

ns 

'dp 

End of Write Pulse to DATA Polling 

. 15 

- 

ns 


Write Enable Set-up Time 

0 

- 

ns 

'WEH 

Write Enable Hold Time 

0 

- 

ns 

'dv 

Data Valid Time O' 2 ) 

- ' 

1 

ps 


NOTES: 

1 . Data must be valid within Ips maximum and must remain valid if t WP is longer than Ips. 

2. This parameter is guaranteed but not tested. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

































































































































IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2Kx 8-BIT) 


TIMING WAVEFORM OF READ CYCLE NO. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA our 

NOTE: 

1. WE is HIGH for Read Cycle. 


TIMING WAVEFORM OF READ CYCLE NO. 2 (1) 



H 


1. WE is HIGH; CE = y. ; OE = y. 


TIMING WAVEFORM OF READ CYCLE NO. 3 (,) 



DATA out 


NOTE: 

1 . WE is HIGH; OE = V )L ; address valid prior to or coincident with CE transition LOW. 


Wh 

n 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2K x 8-BIT) 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 
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IDT78C18A FAST CMOS 

EEPROM WITH SPC 16K (2K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SPC AC ELECTRICAL CHARACTERISTICS v cc = 5 V ±10%, Ail Temperature Ranges 


SYMBOL 

PARAMETER 

MIN. 

COMMERCIAL* 1 * 

MAX. 

MIN. 

MILITARY* 1 * 

MAX. 

UNIT 

*SCLK 

SCLK Period 

100 

- 

100 

- 

ns 

*scw 

SCLK Pulse Width 

50 

- 

50 

- 

ns 

ISDS 

Serial Data Set-up Time 

15 

- 

15 

- 

ns 

*SDH 

Serial Data Hold Time 

5 

- 

5 

- 

ns 

*SCD 

Clock to Serial Data Output Delay 

4 

25 

4 

25 

ns 

tsCLCMD 

Clock to Command Set-up Time* 3 ) 

50 

- 

50 

•- 

ns 

l CMLH 

Command/Data Set-up Time, LOW to HIGH 

50 

- 

50 

- 

ns 

*CMHL 

Command Set-up Time, HIGH to 

Read Cycle 

*AA 

- 

*AA 

- 

ns 

LOW (Execution Time) <4) 

Write/Erase Cycle 

100 

2(10)* 8 * 

100 

2(1 0)* 6 * 

tsCLKCD 

Clock LOW to C/0 HIGH 

0 

- 

0 

- 

ns 


NOTES: 

1. These specifications apply to all speed grades of the product. 

2. This parameter guaranteed but not tested. 

3. C/0 cannot change while clock is high. 

4. During a write/erase cycle SCLK should be brought HIGH within 2ms to prevent triggering another write/erase cycle. 


SCLK 


SERIAL DATA IN 


SERIAL DATA OUT 


C/0 


COMMAND 
EXECUTE TIME 
(REFERENCE) 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 
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IDT78C18A FAST CMOS 
EEPROM WITH SPC 16K (2K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


Commercial (0°Cto +70°C) 


Military (-55° C to +125°C) 
Compliant to MIL-STD-883, Class B 

THINDIP (CERDIP) 

Leadless Chip Carrier 


70 
75 
- 90 
100 
120 
150 
200 

\ 78C18A 16K (2K x 8-Bit) EEPROM with SPC 


Commercial Only 
Military Only 


Speed in Nanoseconds 


IDT 


XXXXX 


Device Type 


999 

Speed 


Tempe 

Rar 

rature 

ge 

1 

1 


Blank 

B 


TD 

L 




Integrated Device Technology. Inc. 


64K (8K x 8) CMOS 

IDT78M64 

EEPROM MODULE 



FEATURES: 

• Equivalent to JEDEC standard 8K x 8 monolithic EEPROM 

• 8,192 x 8 CMOS EEPROM module complete with decoder and 
decoupling capacitor 

• Fast access times 

— Military: 85ns (max.) 

— Commercial: 70ns (max.) 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ns max. 

• DATA Polling— detection of write cycle completion 

• Utilizes IDT78C16AS— high-performance 16K EEPROMs 

• Single 5V (±10%) power supply 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 

• Provides data integrity on power up/power down 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• Available in 28-pin, 600 mil DIP 

• Military modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT78M64 is a 5 volt only 8Kx8 Electrically Erasable 
Programmable Read-Only Memory (EEPROM) constructed on a 
co-fired ceramic substrate using four IDT78C16A (2K x 8) 
EEPROMs in leadless chip carriers. Functional equivalence to 
monolithic 64K EEPROMs is achieved by utilization of an on-board 
decoder circuit that interprets the higher order address A , i and Ai 2 
to select one of the four 2K x 8 EEPROMs. 

The IDT78M64 offers a reduced power standby mode. When 

CE goes HIGH, the circuit will automatically go to, and remain in, a 
standby mode as long as these conditions are held. In standby 
mode, the module consumes less than 440mW. Substantially 
lower power levels can be achieved in the I S bi mode (less than 
20 mW max.). 

The pinout of the IDT78M64 is equivalent to monolithic 64K 
EEPROMs. Its fast read access time allows zero wait state read 
cycles with high-performance microprocessors. 

All IDT module semiconductor components are manufactured 
in compliance with the latest revision of MIL-STD-883, Class B, 
making them ideally suited to military temperature applications 
demanding the highest level of performance and reliability. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT78M64 64K CMOS EEPROM MODULE ( 8 K x 8 -BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 


NC C 

1 

28 

U v cc 

^12 C 

2 

27 

□ WE 

a 7 C 

3 

26 

□ NC 

Ae C 

4 

25 

I] As 

A5 IZ 

5 

24 

H Ag 

A 4 [I 

6 

23 

□ A11 

A3 C 

7 D 28-1 

22 

□ OE 

a 2 C 

8 

21 

Z 1 A 10 

AlC 

9 

20 

□ CE 

Ao C 

10 

19 

□ 1/07 

1 /O 0 C 

11 

18 

□ l/0 6 

i/o, C 

12 

17 

□ l/0 5 

i/o 2 C 

13 

16 

□ l/0 4 

GND C 

14 

15 

□ l/0 3 


DIP 

TOP VIEW 


DEVICE OPERATIONAL MODE (1) 


PIN 

MODE 

c5E 

C5E 

WE 

l/O 0 - I/O 7 

Read 

M 

mum 

— 

DATA 0UT (O 0 - O7) 

Byte Write 

Ml 

WESM 

W3M 

DATA IN (l 0 - l 7 ) 

Standby 

Mh 

Don't 

Care 

Don't 

Care 

High Z 

Write Inhibit 

Don't 

Care 

V|L 

Don't 

Care 

High Z 

Don't 

Care 

Don't 

Care 

V,H 

High Z 


NOTE: 

1 . All control inputs are TTL-compatible. 


PIN NAME. 

5 

> 

0 

1 

_> 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

WE 

Write Enable 

O 

1 

O 

Data Input (l 0 - l 7 ) during write: 

Data Output (O 0 - 0 7 ) during read 
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IDT78M64 64K CMOS EEPROM MODULE (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


READ MODE 

Chip Enable (CE) and Output Enable (OE) must be logically 
active in order for data to be available at the outputs. After a se- 
lected byte address Is stable, CE Is taken to a TTL LOW (enabling 
chip). The Write Enable (WE) pin should remain deselected (TTL 
HIGH) during the entire r ead cycle. Data is gated from the device 
outputs by selecting the OE pin (TTL LOW). 

WRITE MODE 

The IDT78M64 Is programmed electrically in-circuit and does 
not require any external latching, erasing or timing. Writing to the 
IDT78M64 is as easy as writing to a static RAM. When a write cycle 
is initiated the device automatically latches the address, data and 

control signals as it begins its write operation. 

A write cycle is initiated when both CE and VVE are LOW and 

OE Is HIGH. The IDT78M64 supports both a CE and WE con- 
trolled write cycle. All inputs, except for data, are latched on the 
falling edge of either CE or WE, whichever occurs last. Data Isthen 
latched in by the rising edge of either CE or WE, whichever oc- 
curred first. An automatic byte erase of the existing data at the ad- 
dressed location is performed before the new data byte is written. 
Once initiated, a byte write operation will automatically proceed to 
completion within 10ms. 

STANDBY MODE 

The IDT78M64 features a standby mode which reduces the 
maximum active current from 250mA to 80mA for TTL levels and to 
4mA for CMOS levels. With CE > Vm , all outputs are in the high 
impedance state. 

DATA PROTECTION 

Nonvolatile data is protected from inadvertent writes in the fol- 
lowing manner: 

Power Up/Down 

On-chip circuitry provides protection against false write during 
Vcc power up/down. The IDT78M64 features an internal sensing 
circuit that disables the internal program ming circuit if Vcc < 3.8V. 
This prevents input signals at CE, WE and OE from triggering a 
write cycle during a Vcc power up/down event. 

Noise Protection 

The IDT78M64 will typically reject write pulses that are less than 
15ns. This prevents the initiation of a write cycle by a noise oc- 
curence. 


Write Inhibit 

Holding either OE LOW, WE HIGH or CE HIGH during a power- 
on and power-off will inhibit inadvertent writes. 

DATA POLLING 

The IDT78M64 has a maximum write cycle time of 10ms; a write 
will always be completed in less than the maximum cycle time. 
Write cyc le com pletion is readily determined via a simple software 
routine ( DATA Polling) that performs a read operation while the 
device is in an automatic write mode. If a read command (ad- 
dressed to the last byte written) is given while the IDT78M64 is still 
writing, the inverse of the most significant bit (I/O 7 pin) of the last 
byte written will be present. True d ata is not released until the write 
cycle is completed. Thus, a DATA polling monitor of the output (or 
periodic read of the last written byte) for true data can be used to 
detect early completion of a write cycle. 

ENDURANCE 

IDT’s EEPROM technology employs the industry accepted 
Fowier-Nordheim tunneling across a thin oxide. IDT78M64 
EEPROM modules are designed and tested for applications requir- 
ing extended endurance. 

The endurance failure mechanism associated with EEPROMs 
results from the charge trapping in the thin tunneling dielectric. 
This failure is a function of the number of write cycles that each byte 
in the part has experienced. Trapped charges accumulate slowly 
with each write cycle and eventually become large enough to pre- 
vent reliable writing to the ceil. Since some bits may be more sensi- 
tive than others, an endurance failure is typically a single bit failure 
(i.e.- a failure of a single bit to properly write or retain data). 

To test for endurance, a sample of devices is written 10,000 
times at every byte location and checked for data retention capabil- 
ity. IDT test screens ensure that shipped devices will write a mini- 
mum of 10,000 times (at every byte location) with a maximum fail- 
ure rate of 1 %. This means that up to 1 % of a sample of devices will 
fail to write or retain data after being written to 10,000 times. Those 
devices that do fail typically have a single bit(s) that fails to retain 
data after being written. 

For more detailed information please refer to the IDT Reliability 
Report on Endurance. 
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IDT78M64 64K CMOS EEPROM MODULE (8KX 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

fl 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

B 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

1 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

bur 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


ENDURANCE 


PARAMETER 

VALUE 

UNIT 

Minimum Endurance 

10,000 

Cycles/Byte 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

' GND 


Military 

-55° C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Msc 

Supply Voltage 

mm 

5.0 

5.5 

V 

V,H 

Input High Voltage 

2.2 

3.5 

6.0 

V 

V IL 

Input Low Voltage 

-0.3 

0.4 

0.8 

V 

V WI 

Write Inhibit 

3.8 

- 


V 


CAPACITANCE (T A = +25°c, f = i.omhz, v cc = s.ov) 


SYMBOL 

PARAMETERS 

| CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

_< 

z 

II 

5 

28 

pF 

Qdut 

Output Capacitance 

Vqut = 0V I 

33 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified 

T a = 0°Cto +70°C V cc = 5.0V ±10% (Commercial) 

T a = -55 °C to +125°C V cc = 5.0V ±10% (Military) 

V LC = 0.2V V HC = V cc -0.2V 

C L = 30pF 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

MAX. 

UNIT 


Input Leakage Current 

V cc = Max.,V IN = GND to V cc 

- 

15 

pA 


Output Leakage Current 

CE = V|h or OE = Vih. 

V l/0 = GNDtoV cc 

- 

15 

pA 

'cct 


CE = V IL . 

Ii/o = 0mA 

- 

250 

rrA 

^CC2 

Dynamic Operating Current 
v cc = Max., f = ^MAX 

CE = V IL . 
l|/o = 0tT| A 

- 

250 

nA 

f SB 

Standby Power Supply Current 
(TTL Level) 

CE = Max., l|/o ~ 0mA 

V| N 5V ih or 0 <V, N < V IL 

- 

80 

rrA 

’sBI 

Full Standby Power Supply Current 
(CMOS Level) 

■niaaiiHjBBB 

- 

4.0 

rrA 

Vdl 

Output Low Voltage 

Vcc = Min.. *OL = 8mA 

- 

0.4 

V 

o< 

Output High Voltage 

v cc = Min., I 0H = -4mA 

2.4 

- 

V 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 
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IDT78M64 64K CMOS EEPROM MODULE (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (v cc = s.ov ±io%, c L = 30 P F) 




MILITARY ONLY 


SYMBOL 

PARAMETER 

78M6485/100 
MIN. MAX. 

78M64120/150 
MIN. MAX. 

78M64200 
MIN. MAX. 

78M64250 
MIN. MAX. 

78M64300 
MIN. MAX. 

78M64350 
MIN. MAX. 

UNIT 

READ CYCLE 

'cE 

Chip Enable Access Time 

- 

85/100 

- 

120/150 

- 

200 

- 

250 

- 

300 

- 

350 

ns 

*AA 

Address Access Time 

- 

85/100 

- 

120/150 

- 

200 

- 

250 

- 

300 

- 

350 

ns 

'oE 

Output Enable to Output Valid 

- 

60/65 

- 

70 

- 

70 

- 

70 

- 

70 

- 

70 

ns 

'cLZ 

Chip Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'oLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'cHZ 

Chip Disable to Output in High Z 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

ns 

N 

X 

O 

Output Disable to Output in High Z 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

0 

30 

ns 

'oH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


AC ELECTRICAL CHARACTERISTICS (v C c - s.ov ±10%, c L = 30 P F) 




COMMERCIAL ONLY 


SYMBOL 

PARAMETER 

78M6470 
MIN. MAX. 

78M6485 
MIN. MAX. 

78M64100 
MIN. MAX. 

78M64120 
MIN. MAX. 

78M64150 
MIN. MAX. 

78M64200 
MIN. MAX. 

UNIT 

READ CYCLE 

*CE 

Chip Enable Access Time 

- 

70 

- 

85 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

l AA 

Address Access Time 

- 

70 

- 

85 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

*OE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

65 

- 

70 

- 

70 

- 

70 

ns 

'cLZ 

Chip Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'oLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'cHZ 

Chip Disable to Output in High Z 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

ns 

'oHZ 

Output Disable to Output in High Z 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

0 

20 

ns 

'oh 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


AC ELECTRICAL CHARACTERISTICS (V cc - 5.0V ±10%, All Temperature Ranges; C L = 30pF) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

| WRITE CYCLE | 

*AS 

Address Set-up Time 

5 

- 

ns 

'ah 

Address Hold Time 

50 

- 

ns 

'ds 

Data Set-up Time 

20 

- 

ns 

'dh 

Data Hold from Write Time 

15 

- 

ns 

'oES 

Output Enable Set-up Time 

5 

- 

ns 

'oeh 

Chip Enable Hold from Write Time 

15 

- 

ns 

'cES 

Chip Enable Set-up Time 

0 

- 

ns 

'cEH 

Chip Enable Hold Time 

0 

- 

ns 

'wp 

Write Pulse Width 

50 

- 

ns 

'wB 

Byte Write Cycle 

- 

10 

ms 

'OBV 

DATA Polling to DATA Valid 

- 

'OE 


'wH 

Write Hold Time 

15 

' - 

ns 

*DP 

End of Write Pulse to DATA Polling 

15 

- 

ns 

'WES 

Write Enable Set-up Time 

0 

- 

ns 

'wEH 

Write Enable Hold Time 

0 

• - 

ns 

'ov 

Data Valid Time 

- 

1 

ps 


NOTES: 

1 . Data must be valid within Ips maximum and must remain valid if t WP is longer than Ips. 

2. This parameter is guaranteed but not tested. 
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IDT78M64 64K CMOS EEPROM MODULE (8K x 8-BIT) 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



NOTE: 

1 . WE is HIGH for Read Cycle. 


TIMING WAVEFORM OF READ CYCLE NO. 2 m 


1. WE is HIGH; CE = V ' OE = V. 


TIMING WAVEFORM OF READ CYCLE NO. 3 (1) 



DATA out 


1. WE is HIGH; OE = V (L ; address valid prior to or coincident with CE transition LOW. 


mft 

wm 
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IDT78M64 64K CMOS EEPROM MODULE <8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT78M64 64K CMOS EEPROM MODULE (8K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA POLLING 



NOTE: 

1 . Most significant bit of the byte being written is inverted and available at I/O 7 if a Read command is issued. All other outputs are high impedance at this 
time. True data will not be released until the Write cycle is completed. 


ORDERING INFORMATION 
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FAST CMOS EEPROM 
64 K (8K x 8-BIT) 


ADVANCE 

INFORMATION 

IDT78C64A 



FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 70ns (max.) 

- Commercial: 55ns (max.) 

• On-chip timer 

— Automatic byte erase before write 
— Byte write 10ms max. 

• DATA Polling— detection of write cycle completion 

• 64-byte page write operation, page write 10ms max. 

• Low-power CEMOS ™ technology 
— Active Current: 100mA 

— Standby Current (full CMOS): 0.9mA 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• JEDEC approved byte-wide pinout 

• Available in 28-pin DIP and 32-pin LCC 

• Military product compliant to M1L-STD-883, Class B 


DESCRIPTION: 

The IDT78C64A is a 5 volt only 8K x 8 Electrically Erasable Pro- 
grammable Read-Only Memory (EEPROM). Fabricated using 
IDT’s CEMOS ™ process, this EEPROM provides 64K bits of non- 
volatile data storage (data retention in excess of 100 years). 

The 1DT78C64A features fast read access times, allowing zero 
wait state read cycles with high-performance microprocessors. 
Write time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte page mode allows 1 
to 64 bytes to b e writte n within a single write cycle, to minimize total 
write time. The DATA Polling method for determining write cycle 
completion is supported by the IDT78C64A. Data protection fea- 
tures include Vcc lockout, write inhibit, noise protection for 
the WE pin and software write protection. 

The IDT78C64A is function- and pinout-compatible with the 
IDT7164, 8K x 8 static RAM. It is ideal for systems requiring non- 
volatility and in-system data modifications. 

The 1DT78C64A Military EEPROM is manufactured in compli- 
ance to the latest revision of MiL-STD-883, Class B, making it ide- 
ally suited to military temperature applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



DATA INPUTS/OUTPUTS l/O 0 - l/0 7 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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1DT78C64A FAST CMOS EEPROM 64K (8Kx8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 




As 

A9 

An 

NC 

CE 

A 10 

UE 

I/O 7 

l/0 B 


TOPVIEW 


DEVICE OPERATIONAL MODE (1) 


PIN 

MODE^"'\ 

CE 

C5E 

WE 

l/O 0 - l/ 0 7 

Read 

Ml 

Ml 

V,H 

DATAour (Oq ~ O 7 ) 

Byte Write 

Ml 

Mh 

V,L 

DATA| N (Iq - I 7 ) 

Standby 

Mh 

Don't 

Care 

Don't 

Care 

High Z 

Write Inhibit 

Don't 

Care 

V,L 

Don’t 

Care 

High Z 

Don’t 

Care 

Don’t 

Care 

V,H 

High Z 


NOTE: 

1 . All control inputs are TTL-compatible. 


PIN NAMES 


> 

0 

> 

Addresses 

CE 

Chip Enable 

5e 

Output Enable 

WE 

Write Enable 

l/Og - l/ 0 7 

Data Input (l 0 - l 7 ) During Write; 

Data Output (O 0 - 0 7 ) During Read 


12 
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FAST CMOS 

REGISTERED EEPROM 0 


ADVANCE 

INFORMATION 

IDT78C464A 



FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 70ns (max.) 

— Commercial: 55ns (max.) 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling— detection of write cycle completion 

• 64-byte page write operation, page write 10ms max. 

• On-chip edge triggered registers 

• Synchronous and asynchronous output enable 

• Programmable asynchronous register (INIT) 

• Low-power CEMOS ™ technology 

— 100mA active current 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) provides 
. data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• 28-pin Dip, 32-pin LCC 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT78C464A is a 5 volt only 8K x 8 Registered Electrically 
Erasable Programmable Read-Only Memory (Registered 
EEPROM). Fabricated in IDT’s CEMOS process, this Registered 
EEPROM provides 64K bits of non-volatile data storage (data 
retention in excess of 100 years). 

The IDT78C464A features fast read access times, allowing zero 
wait state read cycles with high-performance microprocessors. 
Write time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte page mode allows 
one to 64 bytes to be written within a single write cycle to minimize 
total write time. The DATA Polling method for determining write 
cycle completion is supported by the IDT78C464A. Data protec- 
tion feat ures include V cc lock-out, write inhibit, noise protection for 
the WE pin and software write protection. 

The IDT78C464A has an initialize function (INIT) which acti- 
vates an 8-bit word loaded into the on-chip Initialize register. This 
registered word is user-programmable with any desired word (i.e. 
can be used to establish a PRESET or CLEAR word on the out- 
puts). The IDT78C464A Military EEPROM is manufactured in com- 
pliance with the latest revision of MIL-STD-883, Class B , making it 
ideally suited to military temperature applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT78C464A FAST CMOS REGISTERED EEPROM 64K (8K X 8-BIT) 


PIN CONFIGURATIONS 



Vcc 

WE 

RCLK 

As 

As 

An 

5E 

Aio 

CS 

I/Of 

I/Os 

l/0 5 

l/0 4 

l/0 3 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



DIP 

TOP VIEW 


TOPWEW 


DEVICE OPERATIONAL MODES 01 PIN NAMES 


PIN 

MODE^\_ 

cs 

WE 

oE 

RCLK 

i/o 0 - i/o 7 

Deselected 

H 

X 

L 

_r 

High Z 

Read 

X 

H 

H 

X 

High Z 

Read 

H 

H 

L 

jr 

High Z 

Read 

L 

H 

L 

_r 

Data Out at 
Addresses 

Write 

L 

L 

X 

X 

Data In at 
Addresses 


I'*'-' I 1-. 

1 . “X" = Don’t Care 


> 

O 

1 

_> 

Addresses 

CS 

Synchronous Output Enable/ 

Chip Enable (Write) 

OE 

Output Enable 

WE 

Write Enable 

0° 

1 

O 

"4 

Data Input (l 0 - l 7 ) During Write; 

Data Output (Oo - O7) During Read 

1 MT 

Initialize 

RCLK 

Register Clock 
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Integrated Device Technology. Inc. 


FAST CMOS REGISTERED 
EEPROM WITH SPC” 

64K (8K x 8-BIT) 


ADVANCE 

INFORMATION 


IDT78C564A 


FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 70ns (max.) 

— Commercial: 55ns (max.) 

• Serial Protocol Channel (SPC) allows load and read-out of the 
memory array over a 4-wire channel 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling— detection of write cycle completion 

• 64-byte page write operation, page write 10ms max. 

• On-chip edge triggered registers 

• Programmable asynchronous register (INIT) 

• Low-power CEMOS ™ technology 

— Active Current: 100mA 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• Military product compliant to MIL-STD-883, Class B 


FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT78C564A is a 5 volt only 8K x 8 Registered Electrically 
Erasable Programmable Read-Only Memory (Registered 
EEPROM) with Serial Protocol Channel (SPC). SPC complements 
the EEPROM’s parallel information path by providing a serial link 
(four additional pins) by which its memory array can be written or 
read. Fabricated using IDT’s CEMOS™ process, this EEPROM 
provides 64K bits of non-volatile data storage (data retention in ex- 
cess of 100 years). 

The IDT78C564A features fast read access times, allowing zero 
wait state cycles with high-performance microprocessors. Write 
time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte write page buffer al- 
lows 1 to 64 bytes to be w ritten w ithin a single write cycle to mini- 
mize total write time. The DATA Polling method for determining 
completion of the write cycle is supported by the IDT78C564A. 
Data protection features include Vcc lockout, write inhibit, noise 
protection for the WE pin and software write protection. 

The IDT78C564A is ideal for systems requiring nonvolatility and 
in-system data modifications. With SPC, a serial link can be estab- 
lished during board la yout f or easy field updates of code changes. 
The initialize function (INIT) can be used to activate an 8-bit word 
loaded into the on-chip Initialize register. This registered word is 
user-programmable with any desired word. 

The IDT78C564A Military EEPROM is manufactured in compli- 
ance with the latest revision of MIL-STD-883, Class B, making it 
ideally suited to military temperature applications demanding the 
highest level of performance and reliability. 




SERIAL 
DAT A out 


CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT78C564A FAST CMOS EEPROM 64K (8Kx8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 
(CONSULT FACTORY) 


DEVICE OPERATIONAL MODES™ 


PIN 

MODE 

Cl 

WE 

OE 


|/O 0 - i/o 7 

RCLK 

Deselected 

H 

X 

L 

_r 

High 2 

Read 

X 

H 

H 

X 

High Z 

Read 

H 

H 

L 

_r 

High Z 

Read 

L 

H 

L 

jr 

Data Out at 
Addresses 

Write 

L 

L 

X 

X 

Data In at 
Addresses 


NOTE: 

1 . X = Don't Care 


PIN NAMES 


> 

O 

> 

fo 

Addresses 

c§ 

Synchronous Output Enable/Chip 

Enable (Write) 

OE 

Output Enable 

WE 

Write Enable 


Data Input (l 0 - I 7 ) During Write; 

Data Output (O 0 - 0 7 ) During Read 

SDI 

Serial Data Input 

SDO 

Serial Data Output 

SCLK 

Data Clock Input 

C/D 

Command/Data 

MT 

Initialize 

RCLK 

Register Clock 


SPC OPERATIONAL MODES™ 


MODE 

OE 

OE 

WE 

070 

SCLK 

FUNCTION 

Command 

X 

X 

X 

H 

_r 

Shift bit into command register 

Data 

X 

mm 

X 

L 

_r 

Shift bit into data register 

Execute 

n 

D 

X 

_r 

_r 

Execute command during time 
between C/D and SCLK 


NOTE: 

1 . X = Don't Care 
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FAST CMOS EEPROM 
256 K (32K x 8-BIT) 


Integrated Device Technology, Inc. 



FEATURES: 

• 5 volt only operation 

• Fast access times 

- Military: 70ns (max.) 

— Commercial: 55ns (max.) 

• On-chip timer 

— Automatic byte erase before write 
— Byte write 10ms max. 

• DATA Polling— detection of write cycle completion 

• 64-byte page write operation (page write 10ms max.) 

• Low-power CEM OS™ technology 
— Active Current: 100mA 

— Standby Current (full CMOS): 0.9mA 

• Data protection circuitry (Vex; lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• JEDEC approved byte wide pinout 

• Available in 28-pin DIP and 32-pin LCC 

• Military product compliant to MIL-STD-883, Class B 

FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT78C256A is a 5 volt only 32K x 8 Electrically Erasable 
Programmable Read Only Memory (EEPROM). Fabricated using 
IDT’s CEMOS process, this EEPROM provides 256K bits of non- 
volatile data storage (data retention in excess of 100 years). 

The IDT78C256A features fast read access times allowing zero 
wait state read cycles with high-performance microprocessors. 
Write time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte page mode allows 
1 to 64 bytes to be written within a single write cycle to minimize 
total write time. The DATA Polling method for determining write 
cycle completion is supported by the IDT78C256A. Data 
protection features include Vcc lockout, write inhibit, noise protec- 
tion for the WE pin and software write protection. 

The IDT78C256A is function and pinout compatible with the 
IDT71256, 32K x 8 static RAM. It is ideal for systems requiring non- 
volatility and in-system data modifications. The IDT78C256 
military EEPROM is manufactured in compliance with the latest 
revision of MIL-STD-883, Class B, making it ideally suited to 
military temperature applications demanding the highest level of 
performance and reliability. 




DATA INPUTS/OUTPUTS l/O 0 - l/0 7 


CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology, Inc. DSC-8002/- 
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IDT78C256A FAST CMOS EEPROM 256K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

PIN CONFIGURATIONS 



DIP 

TOP VIEW 



DEVICE OPERATIONAL MODE (1) PIN NAMES 



NOTE: 

1. All control inputs are TTL-compatible. 


12 
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Integrated [Device Technology. Inc. 


FAST CMOS 
REGISTERED EEPROM 
256K (32Kx 8-BIT) 


ADVANCE 

INFORMATION 

IDT78C4256A 


FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 70ns (max.) 

— Commercial: 55ns (max.) 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling— detection of write cycle completion 

• 64-byte page write operation, page write 10ms max. 

• On-chip edge triggered registers 

• Synchronous and asynchronous output enable 

• Programmable asynchronous register (INIT) 

• Low-power CEMOS ™ technology 

— 100mA active current 

• Data protection circuitry (V cc lockout for V cc < 3.8V) provides 
data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• Military product compliant to MIL-STD-883, Class B 

FUNCTIONAL BLOCK DIAGRAM 


DESCRIPTION: 

The IDT78C4256A is a 5 volt only 32K x 8 Registered Electrically 
Erasable Programmable Read-Only Memory (Registered 
EEPROM). Fabricated in IDT’s CEMOS process, this Registered 
EEPROM provides 256K bits of non-volatile data storage (data 
retention in excess of 100 years). 

The I DT78 C4256 A features fast read access times al lowing zero 
wait state read cycle with high-performance microprocessors. 
Write time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte page mode allows 
one to 64 bytes to be written within a single write cycle to minimize 
total write time . The DATA Polling method for determining write 
cycle completion is supported by the IDT78C4256A. Data protec- 
tion features include V cc lock-out, write inhibit, noise protection for 
the WE pin and software write protection. 

The IDT78C4256A has an initialize function INIT which acti- 
vates an 8-bit word loaded into the on-chip Initialize register. This 
registered word is user programmable with any desired word (i.e. 
can be used to establish a PRESET or CLEAR word on the out- 
puts). The IDT78C4256A military EEPROM is manufactured in 
compliance with the latest revision of MIL-STD-883, Class B, mak- 
ing it ideally suited to military temperature applications demanding 
the highest level of performance and reliability. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1 987 

© 1987 Integrated Device Technology. Inc. DSC-8003/- 
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IDT78C4256A FAST CMOS REGISTERED EEPROM 256K (32K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 

PIN CONFIGURATION 

TO BE DETERMINED 


DEVICE OPERATIONAL MODES (1) 


PIN 

MODE^''~-^ 

C5 

WE 

3E 

RCLK 

i/o 0 - i/o 7 

Deselected 

H 

X 

L 

J 

High Z 

Read 

X 

H 

H 

X 

High Z 

Read 

H 

H 

L 

J 

High Z 

Read 

L 

H 

L 

J 

Data Out at 
Addresses 

Write 

L 

m 

D 

D 

Data In at 
Addresses 


NOTE: 

1 . “X" = Don't Care 


PIN NAMES 


A 0 A 14 

Addresses 

C5 

Synchronous Output Enable/ 

Chip Enable (Write) 

CE 

Output Enable 

WE 

Write Enable 


Data Input (l 0 - l 7 ) During Write; 

Data Output (O 0 - 0 7 ) During Read 

IfflT 

Initialize 

RCLK 

Register Clock 


12 
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FAST CMOS REGISTERED 

ADVANCE 

EEPROM WITH 

INFORMATION 

SPC™256K (32Kx 8-BIT) 

IDT78C5256A 



Integrated Devicelechnology. Inc. 


FEATURES: 

• 5 volt only operation 

• Fast access times 

— Military: 70ns (max.) 

— Commercial: 55ns (max.) 

• Serial Protocol Channel (SPC) allows load and readout of the 
memory array over a 4-wire channel 

• On-chip timer 

— Automatic byte erase before write 

— Byte write 10ms max. 

• DATA Polling -detection of write cycle completion 

• 64-byte page write operation (page write 10ms max.) 

• On-chip edge triggered registers 

• Programmable asynchronous register (INIT) 

• Low-power CEMOS ™ technology 

— Active Current: 100mA 

• Data protection circuitry (Vcc lockout for Vcc < 3.8V) 
provides data integrity on power up/power down 

• Software write protection 

• Minimum endurance of 10,000 write cycles per byte 

• Endurance failure rate < 0.1% per 1000 cycles 

• Military product compliant to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT78C5256A is a 5 volt only 32K x 8 Electrically Erasable 
Programmable Read Only Memory (EEPROM) with Serial Protocol 
Channel (SPC). SPC complements the EEPROM’s parallel infor- 
mation path by providing a serial link (4 additional pins) by which 
its memory array can be written or read. Fabricated in IDT’s 
CEMOS process, this EEPROM provides 256K bits of nonvolatile 
data storage (data retention in excess of 100 years). 

The IDT78C5256A features fast read access times allowing zero 
wait state cycles with high-performance microprocessors. Write 
time is automatically timed out by an internal timer and input 
latches secure address/data information, freeing the host system 
for other tasks during a write cycle. A 64-byte write page buffer 
allows 1 to 64 bytes to be written within a single write cycle to mini- 
mize total write time. The DATA Polling method for determining 
completion of the write cycle is supported by the IDT78C5256A. 
Data protection features include Vcc lockout, write inhibit, noise 
protection for the WE pin and software write protection. 

The IDT78C5256A is ideal for systems requiring nonvolatility 
and in-system data modifications. With SPC, a serial link can be 
established during board layout for easy field updates of code 
changes. The initialize function (INIT) can be used to activate an 
8-bit word loaded into the on-chip Initialize register. This registered 
word is user programmable with any desired word. The 
IDT78C5256A military EEPROM is manufactured in compliance 
with the latest revision of MIL-STD-883, Class B, making it ideally 
suited to military temperature applications demanding the highest 
level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



SERIAL 

data 0UT 


CEMOS and SPC are trademarks of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology. Inc. 
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IDT78C5256A FAST CMOS EEPROM WITH SPC™ 
256K (32 K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATIONS 
(CONSULT FACTORY) 


DEVICE OPERATIONAL MODES (1) 


PIN 

MODE 


WE 

m. 

RCLK 

l/O 0 - i/o 7 

Deselected 

El 

X 

L 

mm 

High Z 

Read 

MM 

H 

■a 

mm 

High Z 

Read 

El 

mm 

L 

mm 

High 2 

Read 

L 

H 

L 

j 

Data Out at 

Addresses 

Write 

L 

L 

D 

n 

Data In at 

Addresses 


NOTE: 

1. X = Don't care 


PIN NAMES 


■'J 

< 

1 

O 

< 

Addresses 

C3 

Synchronous Output Enable/ 

Chip Enable (Write) 

OE 

Output Enable 

WE 

Write Enable 

i/o 0 

Data Input (l 0 - l 7 ) during write 

l/0 7 

Data Output (O 0 - 0 7 ) during read 

SDI 

Serial Data Input 

SDO 

Serial Data Output 

SCLK 

Data Clock Input 

C/15 

Command/Data 

MT 

Initialize 

RCLK 

Register Clock 


SPC OPERATIONAL MODES 01 


MODE 

Ce 

<3E 

ESI 

C/D 

SCLK 

FUNCTION 

Command 

X 

X 

X 

H 

_r 

Shift bit into command register 

Data 

MM 

X 

n 

L 


Shift bit into data register 

Execute 

X 

a 

a 

~L 

J r 

Execute command during time 
between C/D and SCLK 


12 
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Subsystems Modules 




SUBSYSTEM PRODUCTS INTRODUCTION 


A unique combination of resources and experience sets the 
Subsystems Division apart from its competitors. IDT’s advanced 
technology, multiple manufacturing plants and the backing of sis- 
ter divisions allow us to offer a diverse range of module products 
quickly and cost-effectively. In addition, our capabilities are flex- 
ible enough to include standard and custom modules, as well as a 
complete, self-contained, U.S.-based military device assembly 
and module operation. 

IDT’s subsystems provide a modular approach which allows 
designers to meet several important criteria needed in a modem 
electronics system. These features include: 

High Performance 
High Reliability 
Compact Size 
Low Power 
Quick Design Time 
Ease of Manufacture 
Competitive Cost 


High-performance CMOS products in surface mounted pack- 
ages are combined with thermally matched substrates to produce 
very dense and highly reliable modules. Conventional pins are 
then attached to these modules so that they can be plugged Into a 
circuit board in a conventional through-hole manner. 

This process allows production of a Megabit static RAM in a 
standard size dual in-line package several years before the avail- 
able technology can produce a comparable monolithic device. In 
addition, an application specific product can be manufactured that 
could not be easily or cost-effectively produced as a monolithic de- 
vice. These ASIC products can include error detection, parity, ad- 
dress latching or buffering and wide words (x16 and x32). 

Complete memory systems, such as megabyte-size high- 
speed caches or writable control stores, can also be produced on a 
single plug-in module. Systems can now be designed with the ma- 
jor memory portions supplied as a single fully-tested high density 
component. This approach gives customers access to surface 
mount technology without the need to invest in special design, 
manufacturing and testing facilities. 


TABLE OF CONTENTS 


CONTENTS PAGE 

Subsystems Modules 
Subsystem Ordering Information Page 
Static RAM Modules 

ID77MB624 1 Megabit (64K x 16) CMOS SRAM (Plastic DIP) 13-1 

IDT7MC156 256K x 1 CMOS SRAM (Ceramic SIP) 13-3 

IDT7MC4001 1 Megabit (1024K x 1) CMOS SRAM w/Separate I/O (Ceramic SIP) 13-9 

IDT7MC4032 512K (16K x 32) CMOS SRAM (Ceramic Dual SIP) 13-15 

IDT7MP156 256K (256K x 1) CMOS SRAM (Plastic SIP) 13-17 

IDT7MP456 256K (64K x 4) CMOS SRAM (Plastic SIP) 13-23 

IDT7MP564 80K (16K x 5) CMOS SRAM (Plastic SIP) 13-29 

IDT7MP4008 4 Megabit (512K x 8) CMOS SRAM (Plastic SIP) 13-35 

IDT7M624 1 Megabit (64K x 16) CMOS SRAM 13-41 

IDT7M656 256K (16K x 16) CMOS SRAM 13-48 

IDT7M812 512K (64K x 8) CMOS SRAM 13-57 

IDT7M856 256K (32K x 8-Bit) CMOS Static RAM 13-63 

IDT7M912 512K (64K x 9) CMOS SRAM 13-57 

IDT7M4016 4 Megabit (256K x 16) CMOS SRAM 13-70 

IDT7M4017 2 Megabit (64K x 32) CMOS SRAM 13-72 

IDT8MP612 512K (32K x 16) CMOS SRAM (Plastic SIP) 13-74 

IDT8MP624 1 Megabit (64K x 16) CMOS SRAM (Plastic SIP) 13-74 

IDT8MP628 128K (8K x 16) CMOS SRAM (Plastic SIP) 13-80 

IDT8MP656 256K (16K x 16) CMOS SRAM (Plastic SIP) 13-80 

IDT8MP824 1 Megabit (128K x 8) CMOS SRAM (Plastic SIP) 13-86 

IDT8M612 512K (32K x 16) CMOS SRAM 13-92 

IDT8M624 1 Megabit (64K x 16) CMOS SRAM 13-92 

IDT8M628 128K (8K x 16) CMOS SRAM 13-99 

IDT8M656 256K (16K x 16) CMOS SRAM 13-99 

IDT8M824 1 Megabit (128K x 8) CMOS SRAM 13-107 

IDT8M856 256K (32K x 8) Low-Power CMOS SRAM 13-113 

Dual-Port RAM, FIFO and Application Specific Memory Modules 

IDT7MB6042 8K x 112 High-Speed Writable Control Store w/SPC (14-154) 13-121 

IDT7MP6025 512K (64K x 8) Synchronous SRAM (Plastic SIP) 13-123 

IDT7M134 64 K (8K x 8) Dual-Port RAM (14-9, 14-68, 14-260) 13-125 

IDT7M135 128K (16K x 8) Dual-Port RAM (14-9, 14-68, 14-260) 13-125 

IDT7M137 256K (32K x 8) Dual-Port RAM (14-9, 14-68, 14-260) 13-135 

IDT7M144 64K (8K x 8) Dual-Port RAM (SLAVE) (14-9, 14-68, 14-260) 13-142 

IDT7M145 128K (16K x 8) Dual-Port RAM (SLAVE) (14-9, 14-68, 14-260) 13-142 

IDT7M203 CMOS Parallel In-Out FIFO Module 2K x 9-Bit & 4K x 9-Bit 13-146 

IDT7M204 CMOS Parallel In-Out FIFO Module 2K x 9-Bit & 4K x 9-Bit 13-146 

IDT7M205 8K x 9 FIFO (14-1, 14-254, 14-257) 13-157 

IDT7M206 16K x 9 FIFO (14-1, 14-254, 14-257) 13-157 

1DT7M824 1 Megabit (128K x 8) Registered and Buffered SRAM Subsystem Family 13-168 

IDT7M820 128K x 8 SRAM w/Latched Address, Latched Data In, Latched Data Out 13-172 

IDT7M821 128K x 8 SRAM w/Latched Address, Registered Data In, Registered Data Out 13-175 

IDT7M822 128K x 8 SRAM w/Latched Address, Registered Data In, Latched Data Out 13-178 

IDT7M823 128K x 8 SRAM w/Latched Address, Latched Data In, Registered Data Out 13-181 

IDT7M825 128K x 8 SRAM w/Registered Address, Registered Data In, Registered Data Out 13-184 

IDT7M826 128K x 8 SRAM w/Registered Address, Registered Data In, Latched Data Out 13-187 

IDT7M827 128K x 8 SRAM w/Registered Address, Latched Data In, Registered Data Out 13-190 

IDT7M828 128K x 8 SRAM w/Registered Address, Latched Data In, Latched Data Out 13-193 

IDT75M48 8-Bit Flash ADC 11-58 

IDT75M49 9-Bit Flash ADC 11-59 

IDT75MB38 Triple 8-Bit Video DAC Module (14-266) 11-23 

IDT7M6001 Dual, Multiplexed 16K x 20 SRAM 13-197 

IDT7M6032 16K x 32 High-Speed Writable Control Store w/SPC (14-154) 13-199 

IDT78M64 8K x 8 EEPROM 12-22 



MODULE PART NUMBER GUIDE 


8M 824 S 70 C B 

DEVICE TYPE POWER SPEED PACKAGE PROCESS 


BUNK - COMMERCIAL 0° C to +70°C 

B - Military -55°C to +125°C 

SEE PACKAGE TABLE 

SPEED - Guaranteed Minimum 
Performance in Nanoseconds 

POWER - S - Standard Power 
L - Low Power 

Device Type 


PACKAGE TABLE 


CODE 

SUBSTRATE 

COMPONENTS 

C 

CO-FIRED CERAMIC SIDEBRAZE, DUAL IN-LINE 

CERAMIC 

N 

CO-FIRED CERAMIC SIDEBRAZE, DUAL IN-LINE 

PLASTIC 

P 

FR4 EPOXY LAMINATE, DUAL IN-LINE 

PLASTIC 

S 

FR4 EPOXY LAMINATE, SINGLE IN-UNE (SIP) 

PLASTIC 

CS 

CO-FIRED CERAMIC, SINGLE IN-LINE 

CERAMIC 

z 

FR4 EPOXY LAMINATE, STAGGERED SIP (ZIP) 

PLASTIC 

V 

FR4 EPOXY LAMINATE, VERTICAL, DUAL ROW (SIP TYPE) 

PLASTIC 

C V 

CO-FIRED CERAMIC, VERTICAL, DUAL ROW (SIP TYPE) 

CERAMIC 

K 

FR4 EPOXY LAMINATE, QUAD IN-LINE (QIP) 

PLASTIC 

CK 

CO-FIRED CERAMIC, QUAD IN-LINE 

CERAMIC 
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• High-density 1024K-bit CMOS static RAM module 

• Customer-configured to 64K x 16, 128K x 8 or 256K x 4 

• Fast access times 

— 25ns (max.) 

• Low power consumption 

— Active: 4.8W (typ.) (in 64K x 16 organization) 

— Standby: 1.6mW (typ.) 

• Utilizes 16 IDT7187 high-performance 64K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Offered in 40-pin, 900 mil center plastic DIP, achieving very high 
memory density 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 


The IDT7MB624 is a 1024K-bit high-speed CMOS static RAM 
constructed on an epoxy laminate substrate using 16 IDT7187 
(64 K x 1) static RAMs in plastic surface mount packages. Making 
four chip select lines available (one for each group of 4 RAMs) al- 
lows the user to configure the memory into a 64K x 16, 128K x 8 or 
256K x 4 organization. In addition, extremely high speeds are 
achievable by the use of IDT7187s fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 64K static RAMs available. 

The IDT7MB624 is available with access times as fast as 25ns 
over the commercial temperature range, with maximum operating 
power consumption of only 9.6W (significantly less if organized 
128K x 8 or 256K x 4). The module also offers a standby power 
mode of 4.4W (max.) and a full standby mode of 1.7W (max.). 

The IDT7MB624 is offered in a high-density 40-pin, 900 mil cen- 
ter plastic DIP to take full advantage of the compact IDT7187S in 
plastic surface mount packages. 

All inputs and outputs of the IDT7MB624 are TTL-compatible 
and operate from a single 5V supply. (NOTE: Both GND pins need 
to be grounded for proper operation.) Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access times for ease of use. 






IDT7MB624S 1 MEGABIT CMOS STATIC RAM PLASTIC MODULE 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATION 


£ 5 , 


GND <’> 
D 


'is *- 
D4 L 

we c 

A, C 
D14 tl 
A 2 C 
DsC 

a 3 c 

A 4 C 

D13 C 

A 5 C 
D a C 
A e C 
A14C 
D, 2 C 

C5(4-7) C 

D/C 

A15C 


M15 


□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 

27 ^ 
26 ^ 
25 □ 
24 □ 
23 □ 
22 □ 
21 □ 


Vcc 

D11 

£3(8-11) 

Do 

A 0 

A13 

Dio 

A12 

D, 

An 

A, 0 

d 9 

Ag 

D 2 

a 8 

A 7 

h 

Li(o-3) 

D 3 

GNDd) 


DIP 

TOP VIEW 


NOTES: 

1 . Both GND pins need to be grounded for 
proper operation. 


PIN NAMES 


a 0 -a 15 

Addresses 

Do - D 1S 

Data Input/Output 

£5oc 

Chip Select 

WE 

Write Enable 

Vcc 

Power 

GND 

Ground 


PACKAGE DIMENSIONS 
(Ml 5) 40-PIN PLASTIC DIP 


J2.44Q 

2.500 



0.175 





256K(256Kx 1-BIT) 

IDT7MC156 

CMOS STATIC RAM 


SIP MODULE 



FEATURES: 

• High-density 256K (256K x 1) CMOS static RAM module 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• Available in low profile 28-pin ceramic SIP (single in-line 
package) for maximum space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 

— Dynamic: less than 600mW (typ.) 

— Full standby: less than 30mW (typ.) 

• Utilizes IDT7187S high-performance 64K static RAMs pro- 
duced with advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5 V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MC156 is a 256K (256K x 1-bit) high-speed static RAM 
module constructed on a co-fired ceramic substrate using four 
IDT7187 64 K x 1 static RAMs in surface mount packages. 

The 7MC family of ceramic SIPs offers the optimum in packing 
density and profile height. The IDT7MC156 is offered in a 28-pin 
ceramic SIP (single in-line package). At only 350 mils high, this low 
profile package is ideal for systems with minimal board spacing. 
Surface mount SIP technology also yields very high packing den- 
sity, allowing greater than three IDT7MC156 modules to be 
stacked per inch of board space. 

The IDT7MC156 is available with maximum access times as fast 
as 25ns and maximum power consumption of 1 .8 watts. The mod- 
ule also offers a full standby mode of 440mW (max.). 

All inputs and outputs of the IDT7MC156 are TTL-compatible 
and operate from a single 5 V supply. Fully asynchronous circuitry 
is used , requiring no clocks or refreshing for operation, and provid- 
ing equal access times for ease of use. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 



WE CE 


WE CE 


WE CE 


WE CE 


ADDRESS 




PIN NAMES 


NOTE: 

1. For module dimensions, please refer to module drawing M16 in the packaging section. 
CEMOS is a trademark of Integrated Device Technology, Inc. 


> 

o 

i 

> 

Address Unes 

Din 

Data Input 

Dout 

Data Output 

CS 0 -3 

Chip Enable 

WEo-3 

Write Enable 

Vcc 

Power 

GND 

Ground 


COMMERCIAL TEMPERATURE RANGE 
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© 1987 Integrated Device Technology, Inc. 
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IDT7MC156 256K (256K x 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (,) 



RATING 

VALUE 



Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

_JA 

Operating Temperature 

0 to +70 


19 

Temperature Under Bias 

-55 to +125 

WBM 

Tstg 

Storage Temperature 

-55 to +125 

O 

■out 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is notimplied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

wm 

5.0 

5.5 

HI 

GND 

Supply Voltage 

0 

0 

0 

KB 

V, H 

Input High Voltage 

2.2 

- 

6.0 

| 

\ 

Input Low Voltage 

-0.5h) 

- 

0.8 

| 


NOTE: 

1 . V| L = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°Cto +70°C 

OV 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS 

Nfcc = 5.0V ±10%, Vcc (Min.) = 4.5V, Vcc (Max.) = 5.5V, V LC = 0.2V, V H0 = V cc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7MC156 
TYP. (1) MAX. (2) 

max. (3) 

UNIT 

I'ul 

Input Leakage Current 

Vcc = Max.; Vin = GND to Nfcc 

- 

- 

15 

:15 

pA 

■mm 

Output Leakage Current 

V cc = Max., £15 = Vh. Nfcirr = GNDtoV co 

- 

- 

15 

•15 

pA 

■cci 

Operating Power Supply 
Current 

C3 = Vl. Nfcc = Max., 

Output Open, f = 0 

- 

110 

225 

305;! 

mA 

■cC2 

Dynamic Operating Current 

CS — V|l, V Qc = Max., 

Output Open, t = Imax 

- 

120 

245 

'330: 

mA 

•sB 

Standby Power Supply 
Current 

C5>Vh or (TTL Level) 

Vcc = Max., Output Open 

- 

90 

180 

24Q 

mA 

■sal 

Full Standby Power Supply 
Current 

CS >Vhc. V n > \^c or V[_c 

Vds = Max., Output Open 

- 

6 

60 

|$(§ 

mA 

V OL 

Output Low Voltage 

Iol ~ 8rnA, Vqq = Min. 

- 

- 

0.4 

0.4 

V 

V 0H 

Output High Voltage 

I 0H = -4mA, Vcc = Min. 

2.4 

- 

- 


V 


NOTES: 

1. Vcc = 5 V.T a = +25°C 

2. t M = 35, 45, 45. 55ns 

3. t M = 25, 30ns 
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IDT7MC156 256K (256K x 1-BIT) 
CMOS STATIC RAM SIP MODULE 


AC TEST CONDITIONS 

Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


COMMERCIAL TEMPERATURE RANGE 


5V 5V 



Figure 1. Output Load Figure 2. Output Load 

(lor tcLZ1,2> toLZ> *CHZ1,2* t(JHZ> 
toW^WHz) 

•Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS 

(Vcc = 5V ±10%. T a = 0°C to +70°C) 


SYMBOL 

PARAMETER 

IDT7MC156S25 

IDT7MC156S30 

IDT7MC156S35 

IDT7MC156S45 

IDT7MC156S55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

READ CYCLE 

tRC 

Read Cycle Time 

25 

A. S: . 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*AA 

Address Access Time 

- 

f;25" 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

Ucs 

Chip Select Access Time 

- 

*25 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

tciZ1.2 (1) 

Chip Select to Output in Low 2 

5 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

tcHZ (1) 

Chip Select to Output in High 2 

-ii* 

t 20 

- 

25 

- 

25 

- 

30 

- 

30 

ns 

toH 

Output Hold from Address Change 


- 

5 

5 

- 

5 

- 

5 

- 

ns 

tpu 

Chip Select to Power Up Time 


- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpD (1 > 

Chip Deselect to Power Down Time 


25 

- 

30 

- 

35 

- 

45 

- 

55 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 


AC ELECTRICAL CHARACTERISTICS 

(Vcc = 5V ±10%, T a = 0°Cto +70°C) 


SYMBOL 

PARAMETER 

IDT7MC156S25 

IDT7MC156S30 

IDT7MC156S35 

IDT7MC156S45 

IDT7MC156S55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

WRITE CYCLE 

twc 

Write Cycle Time 



30 

- 

35 

- 

45 

- 

55 

- 

ns 

*cw 

Chip Selection to End of Write 



25 

- 

30 

- 

40 

- 

50 

- 

ns 

t A W 

Address Valid to End of Write 



25 

- 

30 

- 

40 

- 

50 

- 

ns 

t A s 

Address Set-up Time 

mm 

iMI 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

twp 

Write Pulse Width 


mm 

20 

- 

25 

- 

35 

- 

45 

- 

ns 

*WR 

Write Recovery Time 

■B 

WEM 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

twHZ (1) 

Write Enable to Output in High 2 

■B 


- 

25 

- 

25 

- 

30 

- 

30 

ns 

*DW 

Data to Write Time Overlap 


20 

- 

20 

- 

25 

- 

25 

- 

ns 

tDH 

Data Hold from Write Time 

■oaa 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tow (1) 

Output Active from End of Write 


- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 
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IDT7MC156 256K (256K x 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1) 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ’ 2 ’ 4) 



*RC •“ 


ADDRESS ^ 

< ) 

( 


L t.. i 



- * r 1 


♦ 




DATA out PREVIOUS DATA VALID y 

<XXX) 

( DATA VALID y 

f 






TIMING WAVEFORM OF READ CYCLE NO. 3 (13l4> 


C5 — — -y 

^ 1 

l 

L_ t. 


-W (5 >— 

h* l CL2 — H 


nara 


( ) 



NOTES: 

1 . WE is High for Read Cycle. 

2. Device is continuously selected, C5 = V| L . 

3. Address valid prior to or coincident with C5 transition low. 

4. UE = V| L 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT7MC156 256 K (256K x 1-BIT) 

CMOS STATIC RAM SIP MODULE COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) <1,2 ‘ 3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1,2,3,5) 



NOTES: 

1 . WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low CS and a low WE. 

3. t W R is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 



7. DuringaWEcontrolledwritecycle,writepulse(t WP ) > t WHZ + tp W ) toallowthel/Odriverstoturnoffanddatatobeplacedonthebusfortherequiredt DW . If 
CE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t W p- 
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IDT7MC156 256K (256Kx 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TRUTH TABLE 


MODE 

£S 

1 SE | 

WE 

OUTPUT 

POWER 

Standby 

H 

mm 

X 

High Z 

Standby 

Read 

L 

L 

H 

Dout 

Active 

Read 

L 

H 

H 

High Z 

Active 


SYMBOL 

TEST 

Qn 

Input Capacitance 

C OUT 

Output Capacitance 


CONDITIONS 


TYP. 

UNIT 

35 

PF 

40 

PF 


1 . This parameter is sampled and not 1 00% tested. 


ORDERING INFORMATION 








































1 MEGABIT (1024KX 1-BIT) 
CMOS STATIC RAM 
SIP MODULE 


PRELIMINARY 

IDT7MC4001 


FEATURES: 

• High-density 1 megabit (1024K x 1) CMOS static RAM 
module 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• Available in low profile 30-pin ceramic SIP (single in-line 
package) for maximum space saving 

• Fast access times: 35ns (max.) 

• Separate I/O lines 

• Low power consumption 

— Dynamic: 1 .35W (max.) 

— Full standby: 330mW (max.) 

• Single 5V(±10%) power supply 

• Inputs and outputs directly TTL-compatible 


PIN CONFIGURATION 


DESCRIPTION: 

The IDT7MC4001 is a 1 megabit (1024K x 1-bit) high-speed 
static RAM module with separate I/O. The module is constructed 
on a co-fired ceramic substrate using four IDT71257 256K x 1 static 
RAMs in surface mount packages. 

The 7MC family of ceramic SlPs offers the optimum in packing 
density and profile height. The IDT7MC4001 is offered in a 30-pin 
ceramic SIP (single in-line package). At only 420 mils high, this low 
profile package is ideal for systems with minimal board spacing. 
Surface mount SIP technology also yields very high packing den- 
sity, allowing five IDT7MC4001 modules to be stacked per inch of 
board space. 

The IDT7MC4001 is available with maximum access times as 
fast as 35ns, with maximum power consumption of 1 .35 watts. The 
module also offers a full standby mode of 330mW (max.). 

All Inputs and outputs of the IDT7MC4001 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access times for ease of use. 


FUNCTIONAL BLOCK DIAGRAM 



SIP 

SIDE VIEW 


WE C5 WE CS WE Cs 


WE CS 


0 , 0 . , - 6 , 6 -,.. fr -,. 6 0 




256K x 1 

256K x 1 

256K x 1 

256K x 1 

ADDRESS - 


RAM 

RAM 

RAM 

RAM 


DATA DATA 

IN OUT 


PIN NAMES 


Ao-17 

Address 

DATA, n 

Data Input 

DATA out 

Data Output 

^^0-3 

Chip Select 

we 0 -3 

Write Enable 

V C o 

Power 

GND 

Ground 



CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1 987 Integrated Device Technology. Ino. 
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I DT7MC4001 1 MEGABIT (1024KX1 -BIT) 

CMOS STATIC RAM SIP MODULE COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


SYMBOL 

RATING 

VALUE 



Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

T a 

Operating Temperature 

Oto +70 


Ejjtfgj 

Temperature Under Bias 

-55 to +125 

■■ 

t stg 

Storage Temperature 

-55 to +125 

Hi, 

’out 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 


Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,h 

Input High Voltage 

2.2 

- 

6.0 

V 

V, L 

Input Low Voltage 

-0.50 > 

- 

0.8 

V 


NOTE: 

1 . V |L = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V +10% 


DC ELECTRICAL CHARACTERISTICS 

Vfcc = 5.0V ±10%, V cc (Min.) = 4.5V, V cc (Max.) = 5.5V, V LC = 0.2V, V HC = V cc - 0.2V 


PARAMETER 

TEST CONDITIONS 

Input Leakage Current 

V cc = Max-i Vin = GND to V cc 

Output Leakage Current 

V cc = Max., US = V 1H .V 0UT = GND to \£ c 

Operating Power Supply 
Current 

CS = V|i_, Vqq = Max., 

Output Open, f = 0 

Dynamic Operating Current 

CS = V IL . Vcc = Max.. 

Output Open, f = fMAx 

Standby Power Supply 
Current 

C3> Vh or (TTL Level) 

Vcc = Max., Output Open 

Full Standby Power Supply 
Current 

CS 5 V HC , V IN > V HC or < V LC 

V cs = Max., Output Open 

Output Low Voltage 

l 0L = 8mA, V C c = Min. 

Output High Voltage 

I 0 h = -4mA, \^c = Min. 


IDT7MC4001 

MIN. MAX. 
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IDT7MC4001 1 MEGABIT (1024KX1 -BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 



4800 

30pF* 


DATAr 


2550 



Figure 1. Output Load Figure 2. Output Load 

(for t CLZ1i2 . toLZ> tcHZ1,2i*OHZ. 
tow and * WH2 ) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%. T a = 0°C to +70°C) 


SYMBOL 

PARAMETER 

IDT7MC4001 S35 
MIN. MAX. 

IDT7MC4001S45 
MIN. MAX. 

IDT7MC4001S55 
MIN. MAX. 

UNIT 

READ CYCLE 


*RC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

t AA 

Address Access Time 

- 

35 

- 

45 

- 

55 

ns 

l ACS 

Chip Select Access Time 

- 

35 

- 

45 

- 

55 

ns 

tcLZ1,2 (1) 

Chip Select to Output in Low Z 

10 

- 

10 

- 

10 

- 

ns 

tcHZ (1) 

Chip Select to Output in High Z 

- 

25 

- 

35 

- 

45 

ns 

toH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

ns 

tpu (i) 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

ns 

tpD (1) 

Chip Deselect to Power Down Time 

- 

35 

- 

45 

- 

55 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%. T A = 0°C to +70°C) 


SYMBOL 

PARAMETER 

IDT7MC4001S35 

1 DT7MC4001 S45 

IDT7MC4001S55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

WRITE CYCLE 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

tew 

Chip Selection to End of Write 

30 

~ 

40 

- 

50 

- 

ns 

l AW 

Address Valid to End of Write 

30 

- 

40 

- 

50 

- 

ns 

*AS 

Address Set-up Time 

5 

- 

5 

- 

5 

- 

ns 

*wp 

Write Pulse Width 

25 

- 

35 

-• 

45 

- 

ns 

l WR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 

ns 

t WH Z (1 > 

Write Enable to Output in High Z 

- 

25 

- 

30 


40 

ns 

*DW 

Data Valid to End of Write 

20 

- 

25 

- 

35 

- 

ns 

l DH 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

ns 

tow <’> 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 
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IDT7MC4001 1 MEGABIT (1024Kx 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 








IDT7MC4001 1 MEGABIT (1024K x 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2 ' 3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CE CONTROLLED TIMING) (1>2 - 3 ’ 5) 



NOTES: 

1 . WE or C5 must be high during all address transitions. 

2. A write occurs during the overlap (t Wf } of a low C3> and a low WE. 

3. t WR is measured from the earlier of C5 or WE going high to the end of write cycle. 

4. During this period. I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During aWEcontrolled write cycle, write pulse (t WP ) >t WHZ +tQ W ) to allow the I/O drivers to turn off and data to be placed on the bus for the required t DW . If 
OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT7MC4001 1 MEGABIT (1024KX 1-BIT) 
CMOS STATIC RAM SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TRUTH TABLE 


CAPACITANCE (t a = + 25 °c,f = i.omhz) 
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FEATURES: 

• High-density 32 bit word 512K (16K x 32) static RAM module 

• Available in low profile 88-pin sidebraze dual ceramic SIP 
(single in-line package) 

• Separate I/O 

• Fast access time: 30ns (max.) 

• Surface mounted LCC components mounted on a co-fired 
ceramic substrate 

• High impedance outputs during write mode 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled in IDT’s high reliability vapor phase solder reflow 
process 

• Single 5 V (±10%) power supply 

• Inputs/outputs directly TTL-compatible 

• Multiple GND pins for maximum noise immunity 


DESCRIPTION: 

The IDT7MC4032 is a 32-bit wide 51 2K (16K x 32) static RAM 
module with separate I/O constructed on a co-fired ceramic sub- 
strate using eight IDT71982 16K x 4 static RAMs in leadless chip 
carriers. Extremely fast speeds can be achieved due to the use of 
64K static RAMs fabricated in IDT’s high-performance, high-reli- 
ability CEMOS™ technology. The IDT7MC4032 is available with 
access time as fast as 30ns, with minimal power consumption. 

The 7MC family of ceramic SIPs offers the optimum is packing 
density and profile height. The IDT7MC4032 is packaged in a 
88-pin dual ceramic SIP. The dual row configuration allows 88 pins 
to be placed on a package less than 4.5 inches long and .27 inches 
wide. At only 520 mils high, this profile package is ideal for systems 
with minimum board spacing. Extremely high packing density can 
also be achieved allowing four IDT7MC4032 modules to be 
stacked per inch of board space. 

All inputs and outputs of the IDT7MC4032 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE 

© 1 987 Integrated Device Technology, Inc. 
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DSC-7004/- 




PIN OUT 


GND 

Dl 0 

Dl, 

Dl 2 

Dl 3 

Dl 4 

Dig 

Dig 

A 7 
A 2 
A4 
D 1 8 
Dig 
DI 10 
Dili 
DI 12 
DI 13 
DI 14 

DIib 

WE 

Nfcc 

UE 

Dlie 

DI 17 

Dhe 

Dlig 

di 20 

Dl 2 , 

di 22 

DU, 


12 


A io 

A 

Dl_ 

D, 25 

DUa 

di 27 

di 28 

Dl 29 

D, 30 

Dl 3 , 

GND 


d 

1 

88 

d 

2 

87 

d 

3 

86 

c 

4 

85 

d 

5 

84 

d 

6 

83 

d 

7 

82 

c 

8 

81 

c 

9 

80 

d 

10 

79 

d 

11 

78 

d 

12 

77 

c 

13 

76 

c 

14 

75 

c 

15 

74 

c 

16 

73 

c 

17 

72 

c 

18 

71 

1= 

19 

70 

c 

20 

69 

c 

21 

68 

c 

22 

67 

c 

23 

66 

c 

24 

65 

c 

25 

64 

d 

26 

63 

c 

27 

62 

d 

28 

61 

d 

29 

60 

d 

30 

59 

c 

31 

58 

d 

32 

57 

d 

33 

56 

d 

34 

55 

d 

35 

54 

d 

36 

53 

c 

37 

52 

d 

38 

51 

d 

39 

50 

c 

40 

49 

d 

41 

48 

d 

42 

47 

c 

43 

46 


44 

45 


Vcc 

DOg 

DO, 

do 2 

DO, 

DO4 

D0 5 

do 6 

DO? 

A, 

A3 

A5 

do 3 

do 9 

DO 10 

DO,, 

DO , 2 

DO , 3 

DO , 4 

DO15 

CS l 

GND 

CS y 

DO, 6 

DO , 7 

DO, 8 

DO,g 

D0 2 o 

do 2 , 

do 22 

D0 2 3 

A7 

Ag 

An 

A13 

D0 24 

EJ°25 

do 26 

do 27 

D0 2 g 

DO™ 

DO^ 

D0 3 , 

Vrn 


PIN NAMES 


Aq-13 

Addresses 

DIo-31 

Data Input 

DOq-3, 

Data Output 

WE 

Write Enable 

dE 

Output Enable 

CS L 

Chip Select (Lower) 

CSu 

Chip Select (Upper) 

Vcc 

Power 

GND 

Ground 


PACKAGE OUTLINE 








256K (256K x 1-BIT) 
CMOS STATIC RAM 
PLASTIC SIP MODULE 


IDT7MP156 


FEATURES: 

• High-density 256K (256K x 1) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 28-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 

— Dynamic: less than 600mW (typ.) 

— Full standby: less than 30mW (typ.) 

• Utilizes IDT7187 high-performance 64K static RAMs pro- 
duced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION 

The IDT7MP156 is a 256K (256K x 1-bit) high-speed static RAM 
module constructed on an epoxy laminate surface using four 
IDT7187 64K x 1 static RAMs in surface mount packages. Ex- 
tremely fast speeds can be achieved with this technique due to use 
of 64 K static RAMs fabricated in IDT’s high-performance, high-reli- 
ability CEMOS technology. 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP156 is offered in a 28-pin SIP (single in-line package). The 
IDT7MP156 can be mounted on 200 mil centers, yielding 1.25 
megabits of memory in less than 3 square inches of board space. 

The I DT7MP 1 56 is available with maxi mum access times as fast 
as 25ns with maximum power consumption of 1 .8 watts. The mod- 
ule also offers a full standby mode of 440mW (max.). 

All inputs and outputs of the IDT7MP156 are TTL-compatible 
and operate from a single 5 V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 



ADDRESS 


16/ 


WE CS WE CS 


WE US 


WE £5 


64K x 1 

64K x 1 

64K X 1 

64K x 1 

RAM 

RAM 

RAM 

RAM 


DATA 

IN 


DATA 

OUT 



PIN NAMES 


NOTE: 

1 . For module dimensions, plese refer to module drawing Ml 1 in the packaging section. 
CEMOS is a trademark of Integrated Device Technology. Inc. 


> 

O 

1 

> 

Address Lines 

Qn 

Data Input 

Ddut 

Data Output 

CEo_3 

Chip Enable 

WEo-3 

Write Enable 

Vcc 

Power 

GND 

Ground 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7MP156 256K (256K x 1-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

V TCRM 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

T a 

Operating Temperature 

Oto +70 

°c 

Tbias 

Temperature Under Bias 

-10 to +85 

°c 

t stg 

Storage Temperature 

-55 to +125 

°c 

birr 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V, L 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS 

\fcc = 5.0V ±10%, Vcc (Min.) = 4.5V, Vcc (Max.) = 5.5V, V LC = 0.2V, V HC = Vcc~ 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7MP156 
TYP. (1) MAX. <2) 

max. (3) 

UNIT 

I'ul 

Input Leakage Current 

Vcc = Max.;V IN = GNDtoVfcc 

- 

- 

15 

15 

pA 

I'loI 

Output Leakage Current 

Vcc = Max., CS = Vih , Nfoirr = GND to Vcc 

- 

- 

15 

15 

pA 

*cci 

Operating Power Supply 
Current 

CS = V|l, Vqq = Max., 

Output Open, f = 0 

- 

110 

225 

300 

mA 

•cC2 

Dynamic Operating Current 

CS = Vjl* Vqq = Max., 

Output Open, f = fwAX 

- 

120 

245 

330 

mA 

'SB 

Standby Power Supply 
Current 

CS > Vih or (TTL Level) 

Vcc = Max., Output Open 

- 

90 

180 

240 

mA 

•sBI 

Full Standby Power Supply 
Current 

CS > Vhc. Vin > Mhc ° r Vuc 

Vcs = Max., Output Open 

- 

6 

60 

80 

mA 

V OL 

Output Low Voltage 

Iql = 8mA, Vqq = Min. 

- 

- 

0.4 

0.4 

V 

VOH 

Output High Voltage 

I 0H = -4mA, V cc = Min. 

2.4 

- 

- 


V 


NOTES: 

1. V cc = 5 V.T a = +25°C 

2. t M = 35, 45. 45, 55ns 

3. t M = 25, 30ns 


I 


I 
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IDT7MP156 256K (256K X 1-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


AC TEST CONDITIONS 

In Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 



Figure 1. Output Load 


Jt Load Figure 2. Output Load 

(for t CLZ1(2 , toLZ, fcHZ1,2> foHZ> 
tow. twHz) 

Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%. T a = -55°C to + 125°C and 0°C to 70°C) 


SYMBOL 


READ CYCLE 


PARAMETER 


tRC 

Read Cycle Time 

25 

- 

30 

- 

tAA 

Address Access Time 

- 

25 

- 

30 

tACS 

Chip Select Access Time 

- 

25 

- 

30 

tcLZ1,2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

tcHZ (1) 

Chip Select to Output in High Z 

- 

20 

- 

25 

toH 

Output Hold from Address Change 

5 

- 

5 

- 

tpu 0) 

Chip Select to Power Up Time 

0 

- 

0 

- 

tpo (1) 

Chip Deselect to Power Down Time 

- 

25 

- 

30 

WRITE CYCLE 

two 

Write Cycle Time 

25 

- 

30 

- 

tew 

Chip Selection to End of Write 

25 

- 

25 

- 

l AW 

Address Valid to End of Write 

25 

- 

25 

- 

Us 

Address Set-up Time 

5 

- 

5 

- 

l WP 

Write Pulse Width 

20 

- 

20 

- 

twR 

Write Recovery Time 

0 

0 

- 

twHzO) 

Write Enable to Output in High Z 

- 

20 

- 

25 

tow 

Data to Write Time Overlap 

15 

- 

20 

- 

E9H 

Data Hold from Write Time 

5 

- 

5 

- 


Output Active from End of Write 

0 

- 

0 

- 


IDT7MP156S45 
MIN. MAX. 

IDT7MP156S55 
MIN. MAX. 

UNIT 


45 

55 

ns 

45 

55 

ns 

45 

55 

ns 

5 

5 

ns 

30 

30 

ns 

5 

5 

ns 

0 

0 

ns 

45 

55 

ns 


45 

55 

ns 

40 

50 

ns 

40 

50 

ns 

5 

5 

ns 

35 

45 

ns 

0 

o 

ns 

30 

30 

ns 

25 

25 

ns 

5 

5 

ns 

0 

0 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 






















































































































































IDT7MP156 256K (256K x 1-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1> 



TIMING WAVEFORM OF READ CYCLE NO. 2 <12 ' 4> 



TIMING WAVEFORM OF READ CYCLE NO. 3 (1l3>4) 


cs 


data 0UT 



NOTES: 

1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V (L and US, LB = V IL for 16 output active. 

3. Address valid prior to or coincident with CS transition low. 

4. CE = y L 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT7MP156 256K (256K X 1-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1,2,3,5) 



13 


NOTES: 

1. WE or US must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low US and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the US low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + Iq W ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
UE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t W p . 
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I DT7M PI 56 256K (256K x 1 -BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


CAPACITANCE (T a = + 25 °c,f = i.omhz) 


SYMBOL 

TEST 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

§ 

ii 

2 

> 

35 

pF 

Coot 

Output Capacitance 

Mdut = 0 V 

40 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 


IDT 


XXXX 


999 


Device Type Power Speed Package Process/ 



Tempe 

Rar 

rature 

ge 







Blank 


1 s 


25 

30 

35 

45 

55 

S 

7MP156 


Commercial (0°Cto +70°C) 

Plastic SIP 

Speed in Nanoseconds 

Standard Power 
256K x 1-Bit 
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il| 

256K (64K x 4-BIT) 

IDT7MP456 

'ill! Hi! WI9 

CMOS STATIC RAM 


'qitaijpr 

Integrated Device Technology. Inc. 

PLASTIC SIP MODULE 



FEATURES: 

• High-density 256K (64K x 4) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 28-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times: 25ns (max.) over commercial temperature 

• Low power consumption 
—Dynamic: less than 1.2W (typ.) 

— Full standby: less than 30 mW(typ.) 

• Utilizes IDT7187 high-performance 64K static RAMs produced 
with advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MP456 is a 256K (64K x 4-bit) high-speed static RAM 
module constructed on an epoxy laminate surface using four 
IDT7187 64 K x 1 static RAMs in plastic surface mount packages. 
Extremely fast speeds can be achieved with this technique due to 
the use of 64K static RAMs fabricated in IDT’s high-performance, 
high-reliability CEMOS technology . 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP456 is offered in a 28-pin SIP. The IDT7MP456 can be 
mounted on 200 mil centers, yielding 1 .25 megabits of memory in 
less than 3 square inches of board space. 

The IDT7MP456 is available with maximum access times as fast 
as 25ns, with maximum power consumption of 3.3 watts. The mod- 
ule also offers a full standby mode of 440mW(max.). 

All inputs and outputs of the IDTMP456 are TTL-compatible and 
operate from a single 5V supply. Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation and providing 
equal access and cycle times for ease of use. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


Vcc «" { — 

1 

A 4 ir .r— ' 

2 

Ai ■ ^ 

3 

A 7 I 1 

4 

DATAoutq ■ — 1 

5 

DATA, no i ZZ 

6 

A5 1 [ZH 

7 

A2 ^ I 

8 

Al2 1 1 

9 

Ag ^ 1 

10 

A 10 1 

11 

DATAoim 1 

12 

DATA, N1 1 | 

13 

> Ao t =CI 

14 Milt’) 

At 3 i~~* t 

15 

Ag 

18 

Ag » r 

17 

DATA0UT2 1 — CH 

18 

DATA, N2 ' i — 

19 

WE=CZ 

20 


21 

a 3 1 zz 

22 

A-j -j i 

23 

DATA0UT3 1 zz 

24 

DATA, N3 ■ 

25 

GND =d 

28 

A ^4 =d 

27 

a,5=[= 

28 


SIP 

SIDE VIEW 


ADDRESS 

CE 

WE 


NOTE: 

1 . For module dimensions, please refer to module drawing Mil in the packaging section. 


DATA INPUT 


14 


64K x 4 CMOS 
STATIC RAM 


14 


DATA OUTPUT 


PIN NAMES 


A0-A15 

Address Inputs 

CE 

Chip Enable 

WE 

Write Enable 

D|No - D IN 3 

Data Input 

Dout 0 - D 0 UT 3 

Data Output 

V C c 

Power 

GND 

Ground 



CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7MP456 256K(64K x 4-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (,) 


Era 

RATING 

VALUE 



Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

Ta 

Operating Temperature 

Oto +70 



Temperature Under Bias 

-10 to +85 

ma 

Tstg 

Storage Temperature 

-55 to +125 

°c . 

•out 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 


V 

Ml 

Input Low Voltage 

-0.5I 1 ) 

- 

0.8 

V 


NOTE: 

1 . V 1L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS V C c= 5.0V ±10%. Vcc (Min.) = 4.5V. Vcc (Max.) = 5.5V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7MP456 
TYP.W MAX' 2 ) 

MAX. (3) 

UNIT 

MW 

Input Leakage Current 

Mcc = Max.;V IN = GND to Vcc 

- 

- 

15 

15 


I'loI 

Output Leakage Current 

Vnp = Max. 

CS = V 1 h .Vout = GNDtoVbc 

- 

- 

15 

15 

pA 

a 

Operating Power Supply Current 

C3 = V (L 

Vqc = Max. , Output Open 

F = 0 

- 

180 

360 

480 

mA 

m 

Dynamic Operating Current 

£3 = V tL 

Vqc = Max., Output Open 

f - *MAX 

- 

240 

440 

600 

mA 

m 

Standby Power Supply Current 

£3 ^ y H or (TTL Level) 

Vcc = Max. 

Output Open 

- 

90 

180 

240 

mA 

•sBI 

Full Standby Power Supply Current 

C3 s V H0 , V, N ^V H c or s V LC 

Vcc = Max., Output Open 

- 

6 

60 

80 

mA 

VOL 

Output Low Voltage 

I 0 l= 8mA, V C c = Min. 

- 

- 

0.4 

mm 

ma 

HE99EH 

Output High Voltage 

loH=- 4mA , V cc = Min. 

2.4 

- 

- 


wm 


NOTES: 

1. V cc = 5V,t M = 25°C 

2. t/\A = 35. 45. 55ns 

3. t/\A = 25. 30ns 
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IDT7MP456 256K(64K x 4-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


In Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5 V 


DATA out ■ 


2550 


4800 

±30pF 


5V 


DATAotrr 


2550 


4800 
T 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for t CL21 2> *OLZ> fcHZ1,2> foHZ> 
l OW> *WHz) 

‘Including scope and jig. 

AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%. T A = 0°C to +70°C) 


SYMBOL 

PARAMETER 

IDT7MP456S25 

IDT7MP456S30 

IDT7MP456S35 

IDT7MP456S45 

1 DT7M P456S55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

READ CYCLE 

Irc 

Read Cycle Time 

25;^ 


30 

- 

35 

- 

45 

- 

55 


ns 

*AA 

Address Access Time 


25 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

f ACS 

Chip Select Access Time 


25 

- 

30 

- 

35 

- 

45 

- 

55 

ns 

t CL21,2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 1 ) 

Chip Select to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

toH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 1 ' 

Chip Select to Power Up Time 

0 


0 

- 

0 

- 

0 

- 

0 

- 

ns 

tp D (1 > 

Chip Deselect to Power Down Time 


25 

_ 

30 

- 

35 

_ 

45 

- 

55 

ns 

WRITE CYCLE 

l wc 

Write Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

55 

- 

ns 

*cw 

Chip Selection to End of Write 

25 


25 

- 

30 

- 

40 

- 

50 

- 

ns 

l AW 

Address Valid to End of Write 

25 


25 

- 

30 

- 

40 

- 

50 

- 

ns 

*AS 

Address Set-up Time 

5 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

<WP 

Write Pulse Width 

20 

- 

20 

- 

25 

_ 

35 

- 

45 

- 

ns 

fwR 

Write Recovery Time 

0 

jl- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

twHZ™ 

Write Enable to Output in High Z 


20 

- 

25 

_ 

25 

— 

30 

_ 

30 

ns 

^DW 

Data to Write Time Overlap 

15 


20 

- ■ 

20 

- 

25 

- 

25 

- 

ns 

*DH 

Data Hold from Write Time 

5 io 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

fowl’) 

Output Active from End of Write 

0 

W- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 























































































































































IDT7MP456 256K(64K x 4-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1> 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ' 3) 



TIMING WAVEFORM OF READ CYCLE NO. 3 (1l3) 


£5 


data 0UT 



NOTES: 

1 . WE is High for Read Cycle. 

2. Device is continuously selected, £5 = Vil . 

3. Address valid prior to or coincident with £5 transition low. 

4. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT7MP456 256K(64K X 4-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING ) (1,a,v * 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1> 2> 3l 5) 


ADDRESS 


CS 




X 


X 




WE 


DATA I, 


X 


c 


X 


> 


NOTES: 

1. WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low US and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the US low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + 1 q W ) toallowthel/Odriverstoturnoffanddatatobeplacedonthebusfortherequiredt DW . If 
OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 



IDT7MP456 256K(64K x 4-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


CAPACITANCE (t a = +25 ° c, f = i.omhz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

V,n = OV 

35 

PF 

CqUT 

Output Capacitance 

Vour= OV 

40 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 
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FEATURES: 

• 81 ,920-bit CMOS static RAM module with decoupling capacitor 

• High speed: 20ns max. 

• Low power consumption: 1 .1 W typ. 

• IDT7MP564 package options reduce overall height 

• Utilizes IDT6167S— high-performance 16K RAMs produced 
with advanced CEMOS™ 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (+ 10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT7MP564 is an 80K (16,384 x 5-bit) high-speed CMOS 
static RAM constructed on an epoxy laminate substrate using 5 
IDT6167 (16,384 x 1-bit) CMOS static RAMs in plastic surface 
mount packages. Extremely fast speeds can be achieved with this 
technique due to use of the IDT6167 RAMs, fabricated in IDT’s 
high-performance, high-reliability technology— CEMOS. This 
state-of-the-art technology, combined with innovative circuit de- 
sign techniques, provides the fastest 16K static RAMs available. 

The IDT7MP564 is available with access times as fast as 20ns, 
with maximum power consumption of only 2.2 watts. The circuit 
also offers a reduced power standby mode. When goes high, 
the circuit automatically goes to, and remains in, a standby mode 
as long as CS remains high, consuming only 963mW maximum. 
Substantially lower power levels can be achieved in the Isbi mode 
(less than 138mW max.). 

All inputs and outputs of the IDT7MP564 are TTL-compatible 
and operate from a single 5V supply, thus simplifying system de- 
signs. Fully asynchronous circuitry is used, requiring no clocks or 
refreshing for operation, and providing equal access and cycle 
times for ease of use. 



DECEMBER 1987 


CEMOS is a trademark of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE 

© 1987 Integrated Device Technology, Inc. 
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IDT7MP564 80K (16K x 5) CMOS STATIC RAM 

PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


RECOMMENDED DC OPERATING CONDITIONS 


DC ELECTRICAL CHARACTERISTICS (Vcc= s.ov ± 10 %, t a = o°cto +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7MP564 

TYP.O) 

MAX. 

UNIT 

mam 

Input Leakage Current 

V C c = 5.5V, V|N = OV to V cc 

- 

- 

15 

|iA 

1 *L0 1 

Output Leakage Current 

CS = Vih , Vout = OV to Vcc 

- 

- 

15 

|IA 

l CC1 

Operating Power Supply Current 

CS = Vil , Output Open, Vcc = Max., f = 0 

- 

200 

400 

mA 

CC2 

Dynamic Operating Current 

CS = V| L , Output Open, Vcc = Max., f = f MAX . 

- 

200 

400 

mA 

'SB 

Standby Power Supply Current 

CS s V| H 

- 

80 

175 

mA 

SB1 

Full Standby Power Supply 
Current 

CS > V cc " 0.2V 

V IN > Vco - 0.2V or < 0.2V 

- 

5 

25 

mA 

V 0L 

Output Low Voltage 

l 0L = 8mA 

- 

- 

0.4 

V 

o< 

I 

Output High Voltage 

l 0H = -4mA 

2.4 

- 

. - 

V 


NOTES: 

1.Vcc= 5V,T A = +25°C 


(T a = 0°Cto +70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

v cc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,u 

Input Low Voltage 

-0.5 (1) 

- 

0.8 

V 


NOTE: 

i.V IL (min.) = -1 ,0V for pulse width less than 20ns. 


TRUTH TABLE 


MODE 

CS 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

D 0 ut 

Active 

Write 

' L 

L 

High Z 

Active 


ABSOLUTE MAXIMUM RATINGS* 1 ) 


SYMBOL 

RATING 

VALUE 

KTTTT71 


Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

t a 

Operating Temperature 

0 to +70 

wa 

t bias 

Temperature Under Bias 

-10 to +85 

°c 

t stg 

Storage Temperature 

-55 to +125 

«c 

•out 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of tine device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fail Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 & 2 


+5V 
k 480Q 


+5V 

k 4800 


DATA out ■ 


2550 • 


DATA our 


± 30pF* 


2550- 


T 5p F * 


CAPACITANCE (T A =+25°c.f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 




C IN 

Input Capacitance 

£ 

z 

> 

30 

PF 

BESfflK 

Output Capacitance 

Vqut = 0V 

22 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


Figure 1. Output Load Figure 2. Output Load 

(for tnz.tLz.ty/z. andt ow ) 

‘Including scope and jig 
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IDT7MP564 80K (16Kx 5) CMOS STATIC RAM 
PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


AC ELECTRICAL CHARACTERISTICS (V cc = 5 .ov+io%,Ta = o°cto + 70 °C) 


SYMBOL 

PARAMETER 

IDT7MP564L20 
MIN. MAX. 

IDT7MP564L25 
MIN. MAX. 

IDT7MP564L35 
MIN. MAX. 

IDT7MP564L45 
MIN. MAX. 

UNIT 

READ CYCLE 

*RC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

45 

- 

ns 

l AA 

Address Access Time 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

*ACS 

Chip Select Access Time 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

*OH 

Output Hold from Address Change 

3 

- 

5 

- 

5 

- 

5 

- 

ns 

*LZ 

Chip Select to Output in Low Z 

3 

- 

5 

- 

5 

- 

5 

- 

ns 

‘hz 

Chip Deselect to Output in High Z 

- 

10 

- 

10 

- 

15 

- 

20 

ns 

*PU 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD 

Chip Deselect to Power Down Time 

- 

20 

- 

25 

- 

35 

- 

45 

ns 

WRITE CYCLE 

*wc 

Write Cycle Time 

20 

- 

25 

- 

35 

- 

45 

- 

ns 

*cw 

Chip Select to End of Write 

15 

- 

20 

- 

30 

- 

40 

- 

ns 

*AW 

Address Valid to End of Write 

15 

- 

20 

- 

30 

- 

40 

- 

ns 

*AS 

Address Set-up Time 

2 

- 

3 

- 

5 

- 

5 

- 

ns 

*WP 

Write Pulse Width 

13 

- 

17 

- 

25 

- 

35 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

3 

- 

ns 

*DW 

Data Valid to End of Write 

13 

- . 

15 

- 

20 

- 

25 

- 

ns 

l DH 

Data Hold Time 

2 

- 

3 

- 

3 

- 

3 

- 

ns 

*WZ 

Write Enable to Output in High Z 

1 7 

- 

10 

- 

15 

- 

20 

ns 

*OW 

Output Active from End of Write 

1 0 

- 

0 

- 

0 

- 

0 

- 

ns 


TIMING WAVEFORM OF READ CYCLE NO. 1< 12) 



L -j 

■* *OH *" 



PREVIOUS DATA VALID 


TIMING WAVEFORM OF READ CYCLE NO. 2< 13 > 



HIGH IMPEDANCE 



Vcc SUPPLY | f \ 

CURRENT 7> I X 

NOTES: 

1. WE is high for read cycle. 

2. CS is low for read cycle. _ 

3. Address valid prior to or coincident with CS transition low. 

4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

6. For any given speed, operating voltage and temperature, tnz will be less than or equal to tLz- 
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IDT7MP564 80K (16K x 5) CMOS STATIC RAM 
PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 0 * 


ADDRESS 

C5 

We 

data in 

DATA OUT- 



•* *wc ► 



< - ■ - -3 

( 






M lew 

k t 

X5 

d 

AY 

AW 


i 

t AW »> 

h* twp ► 

*■ ^WFT** 





V / 

t 

l AS H 


•a t DW ► 

U- l DH ->■ 



) 

£ DATA VALIE 

s 

: t 

( 


'wz' 41 "*) 

tow (2 ' 4) |* ► 

( 


DATA UNDEFINED ]| 

T 

i 

HIGH IMPEDANCE ' 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 


(i) 



NOTES: 

1. CS or WE must be high during address transitions. 

2. IF CS goes high simultaneously with WE high, the output remains in a high impedance state. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 


LOW V cc DATA RETENTION CHARACTERISTICS (r A = o°cto +70»C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP.fO 

MAX. 

UNIT 

V DR 

Vcc f°r Data Retention 


2.0 

- 

- 

V 

’CCDR 

Data Retention Current 

CS > Nfcc -0.2V 

Vin > Vcc -0.2V or < 0.2V 

_ 

wESm 

■I 

M-A 

*CDR 

Chip Deselect to Data Retention Time 

0 

- 

- 

ns 


Operation Recovery Time 

f R c (4 > 

- 

- 

ns 


NOTES: 

1. T A = +25°C 3. @ Vqq = 3V 

2. @ Vcc = 2 V 4. t R C = Read Cycle Time 


LOW V cc DATA RETENTION WAVEFORMS 

DATA RETENTION MODE 
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Taa (Normalized) ' ss ( No ™aIized) ! cc (Normalized) 


IDT7MP564 80K (16Kx 5) CMOS STATIC RAM 
PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


NORMALIZED TYPICAL PERFORMANCE CHARACTERISTICS 



4.5 4.75 5.0 5.25 5.5 

V cc (Volts) 


Supply Current vs. 
Ambient T emperature 



-75 -25 25 75 125 

Ta(°C) 


Address Access Time vs. 



-75 -25 25 75 125 

Ta=(°C) 


Standby Power Supply Current 
vs. Voltage 


■ 

m 

— 

Ta = - 

— 

25°C^, 

■ 

m 

■ 


1 

m 

a 

u 

■ 

f§2 

u 

■ 

K 

■ 

m 

■ 


4.5 4.75 5.0 5.25 5.5 


Vex (Volts) 


Standby Power Supply Current 



-75 -25 25 75 125 

Ta(°C) 


Full Standby Power Supply Current 
Data Retention Current vs. 



-50 0 50 100 150 

Ta(°C) 


Address Access Time vs. 



0 50 100 



Capacitive Load (pF) 






IDT7MP564 80K (16K x 5) CMOS STATIC RAM 

PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


ORDERING INFORMATION 



I 7MP564 16K x 5-Bit Static RAM Module 




Integrated Device Technology. Inc. 


4 MEGABIT (512Kx8) 
CMOS STATIC RAM 
PLASTIC SIP MODULE 


IDT7MP4008S 


DESCRIPTION: 


FEATURES: 

• High-density 4 megabit (512K x 8) CMOS static RAM module 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Available in 36-pin SIP (single in-line package) for maximum 
space saving 

• Fast access times 

— 45ns (max.) 

• Low power consumption 

— Dynamic: 2.6W (max.) 

— Full standby: 1.9 (max.) 

• CEMOS™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


The I DT7MP4008 is a 4 megabit (512K x 8-bit) high-speed static 
RAM module constructed on an epoxy laminate surface using six- 
teen IDT71256 32K x 8 static RAMs in plastic surface mount pack- 
ages. Extremely fast speeds can be achieved with this technique 
due to the use of 256K static RAMs fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. 

The 7MP family of surface mounted SIP technology is a cost- 
effective solution allowing for very high packing density. The 
IDT7MP4008 is offered in a 36-pin SIP. The 7MP4008 can be 
stacked on 300 mil centers, yielding greater than 12 megabits of 
RAM in less than 5 square inches of board space. 

The IDT7MP4008 is available with maximum access times as 
fast as 45ns with maximum power consumption of 2.6 watts. The 
IDT7MP4008 also offers a full standby mode of 1.9W (max.). 

All inputs and outputs of the IDT7MP4008 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 



NOTE: 

1 . For module dimensions, please refer to module drawing Ml 7 in the packaging section. 

CEMOS is a trademark of Integrated Device Technology, Inc. 

DECEMBER 1987 



COMMERCIAL TEMPERATURE RANGE 

© 1987 Integrated Device Technology, Inc. 
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IDT7MP4008 4 MEGABIT (512K X 8-BIT) 

CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

V TERM 

Terminal Voltage with Respect 
toGND 

-0.5 to +7.0 

V 

T a 

Operating Temperature 

Oto +70 

°C 

Trias 

Temperature Under Bias 

-10 to +85 

°c 

t stg 

Storage Temperature 

-55 to +125 

°c 

taut 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

ViH 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-o.sd) 

- 

0.8 

V 


NOTE: 

1. V| L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V ±10% 


DC ELECTRICAL CHARACTERISTICS 

V cc = 5 .QV ±lQ%.V cc (Min.) = 4.5V, V cc (Max.) = 5.5V, V LC - 0.2V, V HC = Vcc- 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7MP4008S 

MAX. 

UNIT 

mam 

Input Leakage Current (1) 

Vcc = Max.; V|n = GND to Vcc 

- 

80 

M-A 

m 

Output Leakage Current 

Vcc = Max. 

<53 = V tH , V 0UT = GND to V cc 

- 

80 

|±A 

'cci 

Operating Power Supply Current 

S3 = V| L 

Vcc = Max., Output Open 
f = 0 

- 

390 

mA 

*002 

Dynamic Operating Current 

03 = V, L 

V C c = Max., Output Open 
t = J MAX 

- 

470 

mA 

'sB 

Standby Power Supply Current 

OS > V iH or (TTL Level) 
v cc= Max. 

Output Open 

- 

350 

mA 

*SB1 

Full Standby Power Supply Current 

OS > V HC V tN > V HC or < V LC 
v cs = Max., Output Open 

- 

350 

mA 

VOL 

Output Low Voltage 

I 0 l = 8mA, Vcc = M< n - 

- 

0.4 

V 

V 0H 

Output High Voltage 

l 0H = -4mA, V cc = Min. 

2.4 

- 

V 


NOTE: 

1. |l u | forA 15 -A 18 and MS = 400 p.A (max.). 
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IDT7MP4008 4 MEGABIT <512K x 8-BIT) 
CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


In Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


5V 


480fl 


DATAqijt ■ 


255fl < 


DATA our ■ 


4=30pF 


255fl * 


4800 

l5 P F‘ 


Figure 1. Output Load Figure 2. Output Load 

(fot tcLZ1,2>^OLZ> *CH21,2> toHZi 
*OW> *WHz) 

‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (Vqo^ sv ±io%, t a = o°cto +70°C) 


SYMBOL 

PARAMETER 

IDT7MP4008S45 

MIN. MAX. 

IDT7MP4008S55 
MIN. MAX. 

IDT7MP4008S70 
MIN. MAX. 

UNIT 

READ CYCLE | 

*RC 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

l AA 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ACS 

Chip Select Access Time 

- 

45 

- 

55 

- 

70 

ns 

^CLZI, 2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

ns 

l OE 

Output Enable to Output Valid 

- 

20 

- 

25 

- 

30 

ns 

^OLZ 

Output Enable to Output in Low Z 

0 

- 

0 

- 

0 

- 

ns 

^CHZ (1) 

Chip Select to Output in High Z 

- 

25 

- 

30 

- 

35 

ns 

l OHZ (1) 

Output Disable to Output in High Z 

- 

25 

- 

25 

- 

30 

ns 

l OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

ns 

WRITE CYCLE 

two 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

tew 

Chip Selection to End of Write 

40 

- 

50 

- 

60 

- 

ns 

*AW 

Address Valid to End of Write 

40 

- 

50 

- 

60 

- 

ns 

Us 

Address Set-up Time 

5 

- 

5 

- 

5 

- 

ns 

W 

Write Pulse Width 

35 

- 

45 

- 

55 

- 

ns 

l WR 

Write Recovery Time 

5 

- 

5 

- 

10 

- 

ns 


Write Enable to Output in High Z 

- 

15 

- 

20 

- 

25 

ns 

*DW 

Data Valid to End of Write 

20 

- 

25 

- 

30 

- 

ns 

^DH 

Data Hold from Write Time 

5 

- 

5 

5 

- 

ns 

t 0 w <’) 

Output Active from End of Write 

5 

- 

5 

_ 

5 

_ 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 






























































































































IDT7MP4008 4 MEGABIT (512Kx 8-BIT) 
CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1> 



t RC + 


\ 

ADDRESS - 

/ 

>( 





-j 

k 


„ 1 

I 








s 



_1 

r 

EZ7ZZ7 



»OE- 





'oh — 




** 'oLZ — ► 


7 

r 

V777 

LL 


t A 

'cLZ< 5 

cs 

1 *. 

V7\ 

/ 

- 

- — w < 5 >- 

'cHZ (5>_ 

r 

7VA 



w 

\ 1 

&) 



TIMING WAVEFORM OF READ CYCLE NO. 2°' 2 ' 4) 



■* 'rc ► 


ADDRESS ^ 

( ; 

< 


i . ♦ . i 



f u J 


t _ 1 



r* oh 

DATA out PREVIOUS DATA VALID ) 

(XXX) 

( DATA VALID y 

c 

1 



1 


TIMING WAVEFORM OF READ CYCLE NO. 3 (1 ' 3 ’ 4) 


55 


data out 



/ 

l — — 



-w< 5 >— 

(XX) 

( ) 


NOTES: 

1. WE is High for Read Cycle. 

2. Device is continuously selected, 55 = V| L . 

3. Address valid prior to or coincident with 55 transition low. 

4. 5E = V, L 

5. Transition is measured ±200mVfrom steady state. This parameter is sampled and not 100% tested. 
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IDT7MP4008 4 MEGABIT (512K x 8-BIT) 
CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) <1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1 ' 2> 3l 5> 



NOTES: 

1 . WE or U5 must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low US and a low WE. 

3. t WR is measured from the earlier of US or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the US low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + tg W ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
UE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT7MP4008 4 MEGABIT {512K x 8-BIT) 
CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TRUTH TABLE 


MODE 


Standby 


Read 


Read 


Write | 



OUTPUT 

POWER 

High Z 

Standby 

DATA otrr 

Active 

High Z 

Active 


CAPACITANCE (T a =+25°c, f = i.omhz) 


PARAMETER* 1 * 

| CONDITIONS | 

TYP. 

UNIT 

Input Capacitance 

IHB9H 

96 

PF 

Output Capacitance 

| V 0 ut= 0V | 

128 

pF 


1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 


XXXX A 999 A A 

Device Type Power Speed Package Process/ 

I I | I Temperature 

Range 


BLANK Commercial (0°C to +70°C) 


Speed in Nanoseconds 


Standard Power 


7MP4008 (512KX 8-bit) 
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1 MEGABIT CMOS 

IDT7M624S 

Integrated Device Technology. Inc. 

STATIC RAM MODULE 



FEATURES: 

• High-density 1024K-bit CMOS static RAM module 

• Customer-configured to 64K x 16, 128K x 8 or 256K x 4 

• Fast access times 

— Military: 35ns (max.) 

— Commercial: 25ns (max.) 

• Low power consumption 

— Active: 4.8W (typ. in 64K x 16 organization) 

— Standby: 1.6mW (typ.) 

• Utilizes 16 IDT7187 high-performance 64K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in 40-pin, 900 mil center sidebraze DIP, achieving 
very high memory density 

• Pin-compatible with IDT7M656 (256K RAM module) 

• Single 5V(±10%) power supply 

• Dual GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compli- 
ant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 

tures for all AC and DC parameters 

PIN CONFIGURATION PIN NAMES 


(’Gnd C 

i 

' 4cT 

□ 

DisC 

2 

39 

□ 

C5(12-15)E 

3 

38 

□ 

d 4 El 

4 

37 

□ 

WE C 

5 

30 

□ 

Ai C 

6 

35 

□ 

Di 4 C 

7 

34 

□ 

A, C 

8 

33 

□ 

D 5 C 

9 

32 

□ 

a 3 C 

10 

M6< 2 > 31 

□ 

a 4 c 

11 

30 

□ 

D 13 C 

12 

29 

□ 

a 5 c 

13 

28 

□ 

De-C 

14 

27 

□ 

a 8 C 

15 

20 

□ 

Ai 4 I= 

10 

25 

□ 

Di 2 C 

17 

24 

□ 

53(4-7) C 

18 

23 

□ 

d 7 c 

19 

22 

□ 

A15C 

20 

21 

□ 


DIP 

TOP VIEW 


Vcc 

Dn 

C5(e-ii) 

Do 

A 0 

A 13 

Dio 

Ai2 

D, 

A ii 

A io 

Do 

A o 

D 2 

A a 

A 7 

§1 

Ui3(0-3) 

D 3 

GNDO) 


A o-l 8 

Address 

Do -15 

Data Input/Output 

£5 

Chip Select 

WE 

Write Enable 

'fee 

Power 

GND 

Ground 


NOTES: 

1. Both GND pins need to be grounded for proper operation. 

2. For module dimensions, please refer to module drawing M6 in the 
packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


DESCRIPTION: 

The IDT7M624 is a 1024K-bit high-speed CMOS static RAM 
constructed on a multi-layered ceramic substrate using 16 
IDT7187 64K x 1 static RAMs in leadless chip carriers. Making four 
chip select lines available (one for each group of 4 RAMs) allows 
the user to configure the memory into a 64K x 1 6, 1 28K x 8 or 256K x 
4 organization. In addition, extremely high speeds are achievable 
by the use of IDT71 87s fabricated in IDT’s high-performance, high- l 

reliability technology, CEMOS. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides the 
fastest 64K static RAMs available. 

The IDT7M624 is available with access times as fast as 25ns 
commercial and 35ns military temperature range, with maximum 
operating power consumption of only 12.3W (significantly less if 
organized 128Kx8or256Kx4).The module also offers a standby 
power mode of 5.7W (max.) and a full standby mode of 1.7W 
(max.). 

The IDT7M624 is offered in a 40-pin, 900 mil center sidebraze 
DIP to take advantage of the compact IDT7187s in leadless chip 
carriers. 

All inputs and outputs of the I DT7M624 are TTL-compatible and 
operate from a single 5V supply. (NOTE: Both GND pins need to be 
grounded for proper operation.) Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation, and providing v 
equal access times for ease of use. 

All IDT military module semiconductor components are compli- 
ant with the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 

a 0 -a 18 

DSq-3 


CS 4 -7 


WE 

CEs-ii 


C5i 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED OPERATING 


RECOMMENDED DC OPERATING CONDITIONS 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS (V cc = 5.ov ±io%.t a = -55°Cto + i25°Cand o°cto +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7M624S 

TYP.O) MAX.< 3 > 

maxP> 

UNIT 

HI 

Input Leakage Current 

V cc = 5.5V, V| N = GNDtoVcc 

- 

- 

20 

5: 2Q 

pA 

I'loI 

Output Leakage Current 

\fc c = 5.5V. OS,* =V IH , \feur = GND to \fc c 

- 

- 

20 

m 


•cCX16 

Operating Current in XI 6 mode 

CSxx = Ml. Output Open, V cc = 5.5V, f=f max 

- 

960 

1950 

2240 


•ccxe 

Operating Current in X8 mode 

CSxx = V (L . Output Open, Min. Duty Cycle = 100% 

- 

720 

1380 

IP 0 

mA 

bcx4 

Operating Current in X4 mode 

CSxx = V| L , Output Open, Min. Duty Cycle = 100% 

- 

600 

1100 

1340 


IsB 

Standby Power Supply Current 

CSxx > Vj H (TTL Level), V cc = 5.5V, Output Open 

- 

480 

820 

1040 


•sBI 

Full Standby Power Supply 
Current 

CSxx > V cc "0.2V, 

V|m > V cc -0.2V or < 0.2V (CMOS Level) 

- 

0.32 

320 (2) 

320 

mA 

VoL 

Output Low Voltage 

l 0L = 10mA, \fc c = 4.5V 

- 

- 

0.5 

0,5 

V 

l 0L = 8mA, V cc = 4.5V 

- 

- 

0.4 

0.4 

V 

VoH 

Output High Voltage 

l 0L = -4mA, Vfcc = 4.5V 

2.4 

- 

- 


V 


NOTES: 

1. Typical limits are at \fcc = 5.0V, +25°C. 

2. I S bi max. at commercial temperature = 240mA. 

3. t M = 30. 35, 45, 55, 65ns 

4. t^ = 25ns 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

o< 

o 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

M| H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.50) 

- 

0.8 

V 


NOTE: 

1 . V|, = -3.0V for pulse width less than 20ns. 


TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55° C to +125°C 

0 V 

5.0V ± 10% 

Commercial 

0°C to + 70°C 

ov 

5.0 V ± 10% 


ABSOLUTE MAXIMUM RATINGS 0 ’ 



RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

n 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

0 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +155 

°c 

tsm 

DC Output Current 

50 

50 

mA 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


5V 5V 

\ 4800 <> 4800 

DATA out 


Figure 1. Output Load Figure 2. Output Load 

(for tHz.tLz*twz and *ow) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%, T A = -55°C to + 125°C and 0°C to 70°C) 


SYMBOL 

PARAMETER 

7M624S25 
COM’L ONLY 
MIN. MAX. 

7M624S30 

COM’L ONLY 

MIN. MAX. 

7M624S35 

MIN. MAX. 

7M624S45 

MIN. MAX. 

7M624S55 

MIN. MAX. 

7M624S65 

MIN. MAX. 

UNIT 

READ CYCLE 


*RC 

Read Cycle Time 

25 


30 

- 

35 

- 

45 

- 

55 

- 

65 

- 

ns 

l AA 

Address Access Time 

- 


- 

30 


35 

- 

45 

- 

55 

- 

65 

ns 

l ACS 

Chip Select Access Time 

- 

S : 25 

- 

30 

- 

35 

- 

45 

- 

55 

- 

65 

ns 

toH 

Output Hold from Address Change 

5 £ 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tiz 

Chip Selection to Output in Low Z 

5 f 

2 - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

t H Z 

Chip Deselection to Output in High Z 

- 

: 20 

- 

25 

- 

30 

- 

30 

- 

30 

- 

30 

ns 

tpu 

Chip Selection to Power Up Time 

05 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpo 

Chip Selection to Power Down Time 


25 

- 

30 

- 

35 

- 

35 

- 

35 

- 

35 

ns 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%, T a = -55 °C to + 125°C and 0°C to 70°C) 


13 


SYMBOL 

PARAMETER 

6M 

BM 

7M624S35 

MIN. MAX. 

7M624S45 

MIN. MAX. 

7M624S55 

MIN. MAX. 

7M624S65 

MIN. MAX. 

UNIT 

WRITE CYCLE 


*wc 

Write Cycle Time 

25 


30 

- 

35 

- 

45 

- 

55 

- 

65 

- 

ns 

lew 

Chip Selection to End of Write- 

22 

- 

25 

- 

30 

- 

40 

- 

50 

- 

55 

- 

ns 

l AW 

Address Valid to End of Write 

22 


25 

- 

30 

- 

40 

- 

50 

- 

55 

- 

ns 

*AS 

Address Set-up Time 

2 

Hf- 

3 

- 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

W 

Write Pulse Width 

20 't 

•k - 

20 

- 

25 

- 

30 

- 

35 

- 

40 

- 

ns 

twR 

Write Recovery Time 

o m 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*DW 

Data Valid to End of Write 

15 

1 - 

20 

- 

20 

- 

25 

- 

25 

- 

30 

- 

ns 

*DH 

Data Hold Time 

5 Ik 

? - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*WZ 

Write Enable to Output in High Z 

0 

20 

0 

25 

0 

25 

0 

30 

0 

30 

0 

35 

ns 

tow 

Output Active from End of Write 

5§I: S : ; 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 




2550 t 3 °P F * 


12550 i 5 P p 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 <12) 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1,3) 


CSxx 


DATAqut 


\ 


tneW- 


t|7 (4) 


/ 




[*— t HZ (4) -*j 

< > 

^ DATA VALID ^ 


HIGH IMPEDANCE 


tpu ' 


Vcc SUPPLY 
CURRENT | s0 


7 




*pd 




NOTES: 

1 . WE is high for READ cycle. 

2. CSxx is low for READ cycle. 

3. Address valid prior to or coincident with CS** transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1 ’ 2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1,2 ' 3,5) 



13 


NOTES: 

1. WE or US must be high during all address transitions. 

2. A write occurs during the overlap (t W f) of a low US and a low WE. 

3. t WR is measured from the earlier of US or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the US low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + to W ) to allow the I/O drivers to turn off and data to be placed on the bus for the required t DW . If 

UE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 


WE 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

DATAout 

Active 


1 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 


symbol! 

TEST 

CONDITIONS 

TYP. 

UNIT 


Input Capacitance 

< 

z 

II 

§ 

130 

PF 


Output Capacitance 

Vqut = 0V 

35 

PF 


I 


NOTE: 

1. This parameter is sampled and not 100% tested. 


IDT7M624 

64Kx 16 CONFIGURATION 



NOTE: 

All chip selects tied together since, in a by 16 configuration, all chips are either on or off. 


IDT7M624 

128K x 8 CONFIGURATION 

D 0 Dt D 2 D 3 



NOTE: 

The chip selects are tied together in groups of two. The decoder uses the new higher order address pin (A, 6 ) to determine which of the two banks of memory 
are enabled. 
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IDT7M624S 1 MEGABIT CMOS STATIC RAM MODULE 
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256K CMOS STATIC 


IDT7M656L 



FEATURES: 

• High-density 256K-bit CMOS static RAM module 

• Customer-configured to 16Kx16, 32Kx8 or 64Kx4 

• Fast access times 

— Military: 20ns 

— Commercial: 15ns 

• Low power consumption 

— Active: 3.2mW (typ.) (in 16K x 16 organization) 

— Standby: 0.1 6mW (typ.) 

• Utilizes 16 IDT6167s high-performance 16K x 1 CMOS static 
RAMs produced with IDT’s advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Offered in 40-pin, 900 mil center sidebraze DIP, achieving very 
high memory density 

• Single 5V (±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Module available with semiconductor components compliant 
to MIL-STD-883, Class B. 


DESCRIPTION: 

The IDT7M656 Is a 256K-bit high-speed CMOS static RAM con- 
structed on a multilayered ceramic substrate using 16 IDT6167 
(16Kx1) static RAMs in leadless chip carriers. Making 4 chip select 
lines available (one for each group of 4 RAMs) allows the user to 
configure the memory into a 16Kx1 6, 32Kx8 or 64Kx4 organization. 
In addition, extremely high speeds are achievable by the use of 
IDT6167S fabricated in IDT’s high-performance, high-reliability 
technology, CEMOS. This state-of-the-art technology, combined 
with innovative circuit design techniques, provides some of the 
fastest 16K static RAMs available. 

The IDT7M656 is available with access times as fast as 15ns 
commercial and 20ns military temperature range, with maximum 
operating power consumption of only 7.9W (significantly less if 
organized 32Kx8 or 64Kx4). The RAM module also offers a 
maximum standby power mode of 3.0W and a maximum full 
standby mode of 176mW. 

The IDT7M656 is offered in a high-density 40-pin, 900 mil center 
sidebraze DIP to take full advantage of the compact IDT6167s in 
leadless chip carriers. 

All inputs and outputs of the IDT7M656 are TTL-compatible and 
operate from a single 5V supply. (NOTE: Both Vcc pins need to be 
connected to the 5V supply and both GND pins need to be 
grounded for proper operation.) Fully asynchronous circuitry is 
used requiring no clocks or refreshing for operation, and providing 
equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making it ideally suited to military temperature applica- 
tions demanding the highest level of performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


*GND C 

1 

S 40 

□ 

D15 C 

2 

39 

□ 

<^5(12-15)^ 

3 

38 

□ 

D4 c 

4 

37 

□ 

WE(BOT) C 

5 

36 

□ 

A, C 

6 

35 

□ 

D14 C 

7 

34 

□ 

A, C 

8 

33 

□ 

D5C 

9 

32 

□ 

A3 c 

10 

M5 (1) 

□ 

A4 IZ 

11 

30 

□ 

D 13 C 

12 

29 

□ 

A5 C 

13 

28 

□ 

DeC 

14 

27 

□ 

AeC 

15 

26 

□ 

WE(TOP) C 

16 

25 

□ 

„°1 2 C 

17 

24 

□ 

£5(4-7) C 

18 

23 

□ 

D 7 C 

19 

22 

□ 

*V C c C 

20 

21 

□ 


Vcc* 

Dn 

£3(6-11) 

Do 

Ao 

A13 

Dio 

A12 

Di 

An 

Aio 

Da 

Ag 

D 2 

a 8 

A 7 

d 6 

£5(0-3) 

d 3 

GND* 


DIP 

TOP VIEW 

1. For module dimensions, please refer to module drawing M5 in the 
packaging section. 


PIN NAMES 



A xx Addresses 

Dxx DATA|n/out 

£3xx Chip Selects 

V C c Power 

WE xx Write Enable 

GND Ground 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


Bryson 

RATING 

COMMERCIAL 

MILITARY 


Q3 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

*OUT 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh 

Input High Voltage 

2.2 

- 

6.0 

V 

Ml 

Input Low Voltage 

-o.so* 

- 

0.8 

V 


NOTE: 

1. V IL (min.) = -3.0V for pulse width less than 20ns. 


DC ELECTRICAL CHARACTERISTICS (v cc = 5.ov ±io%,t a = -55°cto +i25°cando°cto +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7M656L 

TYP.* 1 * MAX.* 3 * 

MAX.* 4 * 

UNIT 

■m 

Input Leakage Current 

V cc = 5.5V, V|n = 0V to Vcc 

- 

- 

20 

20 

kji 

mssm 

Output Leakage Current 

SS=Mh. Vqut = OVtoVcc 

- 

- 

20 

20 

31 

bcxie 

Operating Current in XI 6 mode 

CSxx = Ml . Output Open, Vcc = 5.5V, f=f MAX 

- 

640 

1280 

1440 

EZ9 

bcxs 

Operating Current in X8 mode 

CSxx = V IL , Output Open, V cc = 5.5V. f =f MAX 

- 

420 

840 

920 

mA 

•ccx4 

Operating Current in X4 Mode 

C5xx = Ml ■ Output Open, V cc = 5.5V, f=f M Ax 

- 

310 

620 

550 

mA 

•SB 

Standby Power Supply Current 

CSxx ^V CG (TTL Level), V cc =5.5V, Output Open 

- 

200 

400 

560 

mA 

•sBI 

Full Standby Power Supply 
Current 

CSxx iV cc -0.2V (CMOS Level 

Mn £V cc -0.2V or <0.2V 

- 

0.032 

15< 2 > 

32 

rrA 

VOL 

Output Low Voltage 

l 0L = 8mA 

- 

- 

0.4 

0.4 

mm 

v oh 

Output High Voltage 

l 0H =-4mA 

2.4 

- 

- 

II. 

ma 


NOTES: 


1. V CC = 5V,T a =+25°C 

2. l SB t max. at commercial temperature = 5.0mA 

3. ^ = 25, 35, 55. 65ns 

4. t/\A = 15, 20ns 

TRUTH TABLE 


MODE 


WE 

OUTPUT 

POWER 

Standby 

H 

X 

High Z 

Standby 

Read 

L 

H 

DATA out 

Active 

Write 

L 

L 

High Z 

Active 


CAPACITANCE (T A = +25° c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 * 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

Mn= ov 

200 

PF 

CquT * 2 * 

Output Capacitance 

V 0UT = 0V 

60 

PF 


NOTE: 

1. This parameter is determined by device characterization, but is not 
100% tested. 

2. For each output, 16K x 16 mode. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


4800 


DATA out . 


2550 t 30pF* 


5V 


4800 


DATA out 


:2550 t 5 P F * 


Figure 1. Output Load Figure 2. Output Load 

(for t HZ> t|_ 2 , twz anc * *ow) 


Including scope and jig. 




























































































IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 





IDT7M656L15 

IDT7M656L20 

IDT7M656L25 

IDT7M656L35 

IDT7M656L55 

IDT7M656L65 


SYMBO 

L 

PARAMETER 

(COM’L ONLY) 
MIN. MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

UNIT 

| READ CYCLE | 

l RC 

Read Cycle Time 

15 

- 

20 

- 

25 

- 

35 

- 

55 

- 

65 

- 

ns 

*AA 

Address Access Time 

- 

15 


If 20 

- 

25 

- 

35 

- 

55 

- 

65 

ns 

l ACS 

Chip Select Access Time 

- 

15 


20 

- 

25 

- 

35 

- 

55 

- 

65 

ns 

l OH 

Output Hold from 

Address Change 

3 

- 

5 

:: - 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tLZ 

Chip Selection to 

Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 

Chip Deselect to 

Output in High Z 

- 

10 


15 

- 

15 

- 

20 

- 

40 

- 

40 

ns 

tpu 

Chip Select to 

Power Up Time 

0 

- 

o! : 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD 

Chip Select to 

Power Down Time 

- 

15 .... 


20 

- 

25 

- 

35 

- 

55 

- 

65 

ns 

| WRITE CYCLE 

l wc 

Write Cycle Time 

15 

-If: 

20 

- 

25 

- 

35 

- 

55 

- 

65 

- 

ns 

*cw 

Chip Select to End of Write 

15 

-*.v 

"20 


20 

- 

30 

- 

45 

- 

55 

- 

ns 

l AW 

Address Valid to End of Write 

15 


$20 


25 

- 

35 

- 

45 

- 

55 

- 

ns 

l AS 

Address Set-up Time 

2 


2 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*WP 

Write Pulse Width 

13 


17 

- 

20 

- 

30 

- 

35 

- 

40 

- 

ns 


Write Recovery Time 

0 

|4:!f 

0 

- 

0 

- 

0 

- 

0 

0 

- 

ns 


Data Valid to End of Write 

13 


15 

- 

15 

- 

20 

- 

25 

- 

30 

- 

ns 

mm 

Data Hold Time 

5 JOF 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*IY 

Write Enable to 

Output in HIGH Z 


|l 10 

- 

10 

- 

10 

- 

15 

- 

40 

- 

40 

ns 

*WY 

Output Active from 

End of Write 

0 


0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 









































































































































































IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1 ’ 2) 



t RC ( 5 ) ► 


ADDRESS y 

< > 

(_ 


t A 

p foH *■ 

A * 


DATAqut PREVIOUS DATA VALID ^ 

hnr> 

^ DATA VALID 


TIMING WAVEFORM OF READ CYCLE NO. 2 (13) 


<23 xx 


DATAqut 


V cc SUPPLY 
CURRENT 



t RC < 5 > 





P- *HZ< 4 ' 6 >-*j 

( ) 

^ DATA VALID ^ 


HIGH IMPEDANCE 



NOTES: 

1. WExx is High for READ cycle. 

2. CSxx is low for READ cycle. 

3. Address valid prior to or coincident with CSxx transition low. 

4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

6. For any given speed grade, operating voltage, and temperature, tnz will be less than or equal to tLz- 
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IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (C5 CONTROLLED TIMING) <1,2 ’ 3,5) 


ADDRESS 


C5 




X 




JC 


WE 


DATA,, 


X 


< 




3 


NOTES: 

1. WE or Cg must be high during ail address transitions. 

2. A write occurs during the overlap (t WF ) of a low eg and a low WE. 

3. t WR is measured from the earlier of Cg or WE going high to the end of write cycle. 

4. During this period. I/O pins are in the output state, and input signals must not be applied. 

5. If the Cg low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During aWE controlled write cycle, write pulse (t^) >t WH z+tQ W ) toallowthel/Odriverstoturnoffanddatatobeplacedonthebusfortherequiredt DW . If 
CE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified twp- 
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IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SYMBOL 


V™ 


PARAMETER 

TEST CONDITION 

Vcc for Retention Data 

CSxx ^ V cc - 0.2V 

Vin ^ V cc - 0.2 V or s: 0.2V 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 



MAX. MAX. 

MIN. TYP. C0M . L MIL UNIT 


1. T a = +25°C. 

2. atV cc =2V 

3. atVcc=3V 

4. t RC = Read Cycle Time. 


LOW V cc DATA RETENTION WAVEFORM 


I DATA RETENTION MODE 


r/////i 
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IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


NORMALIZED TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current vs. Voltage 


Supply Current vs. 
Ambient Temperature 


Address Access Time vs. 
Ambient Temperature 



Vcc (volts) 



-75 -25 25 75 125 

Ta (°C) 



-75 -25 25 75 125 

Ta (°C) 


Stand-by-Power Supply 
Current vs. Voltage 


Stand-by-Power Supply Current 
vs. Ambient Temperature 




Full Stand-by Power Supply Current 
Data Retention Current vs. 



-50 0 50 100 150 


Vcc (volts) 


Ta (°C) 


Ta (°C) 


Address Access Time vs. 
Capacitive Load 



0 50 100 

Capacitive Load (pf) 
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IDT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT7M656 

16Kx 16 CONFIGURATION 0,2 ’ 


A 0 “Al3 


An -Ai 


^ WE-TOP- 

CS 0 -3 


C5- 

WE- 


C§ 4 _7 


WE-BOT- 

CSa-ii ‘ 




D 4 




d 6 




Da 


D,z 

-4— 


D 9 


Dio 


D 13 

-4- 


u 


D,i 


NOTES: 

1. All chip selects tied together since, in a by-16 configuration, all chips are either on or off. 

2. The two write enables are fed together allowing control of the write enable for entire memory at one time (necessary) in a by-16 organization 
since all chips are either wrifng or reading at any given f me. 


32K x 8 CONFIGURATION (1,2> 

a 0 -a 13 


D, 



a 0 -a 15 . 

WE -TOP - 
CSq_3 


cs 4 -7 


WE 

^ 8-11 


DS 12 _i 






ES 



ES 



E9 



EB 




1. All chip selects fed together in groups of two. The decoder uses the new higher order address pin (A 14 ) to determine which of the two banks of 
memory are disabled. 

2. The two write enables are fed together for ease of layout. They could be controlled by the decoder similar to the chip selects but would save only a 
minimal amount of power and add complexity to the layout. 


64K x 4 CONFIGURATION 


(1.2) 



a 0 -a 15 . 

WE -TOP - 

^*0-3 


CE 4.7 - 

WE -BOT- 
CSs-n 

r- CS 12 _ 1B ' 


— I Do 




'-i D, 



NOTES: u o u i 

1. Each chip select is now controlled by the two higher order address pins A i 4 (necessary in 64K deep memory). 

2. Again the two write enables are fed together for ease of layout (the megabit part will only have one write enable pin). 
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1DT7M656L 256K CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°Cto + 125°C) 
Semiconductor Components Compliant 
to MIL-STD-883 

Sidebraze DIP 



Low Power 
256K 




51 2K (64Kx 8-BIT 
or 64K x 9-BIT) 

CMOS STATIC RAM MODULE 


IDT7M812 

IDT7M912 


FEATURES: 

• High-density 512K-bit CMOS static RAM module 

• 64K x 8 (IDT7M812) or 64K x 9 (IDT7M912) configuration 

• Fast access times 

— Military: 35ns (max.) 

— Commercial: 25ns (max.) 

• Low power consumption 

— Active: 2.4W (typ. in 64K x 8 organization) 

— Standby: 240 jjW (typ. in 64K x 8 organization) 

• Utilizes 8 (IDT7M812) or 9 (IDT7M912) IDT7187 high- 
performance 64K x 1 CMOS static RAMs produced with IDT's 
advanced CEMOS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Available in 40-pin, 600 mil center sidebraze DIP, achieving 
very high memory density 

• Single 5V(± 10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold 
temperatures for all AC and DC parameters 


DESCRIPTION: 

The IDT7M812/IDT7M912 are 512K-bit high-speed CMOS 
static RAMs constructed on a multi-layered ceramic substrate us- 
ing 8 IDT7187 64K x 1 static RAMs (IDT7M812) or 9 IDT7187 static 
RAMs (IDT7M912) in leadless chip carriers. Extremely high speeds 
are achievable by the use of IDT7187S fabricated in IDT’s high- 
performance, high-reliability technology, CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 64K static RAMs available. 

The IDT7M812/IDT7M912 are available with access times as 
fast as 25ns commercial and 35ns military temperature range, with 
maximum operating power consumption of only 6.9W (IDT7M912, 
64 K x 9 option). The module also offers a standby power mode of 
less than 3.2W (max.) and a full standby mode of 1.2W (max.). 

The IDT7M812/IDT7M912 are offered in a high-density 40-pin, 
600 mil center sidebraze DIP to take full advantage of the compact 
IDT71 87s in leadless chip carriers. The IDT7M912 (64K x 9) option 
can provide more flexibility in system application for error detec- 
tion, parity bit, etc. 

All inputs and outputs of the IDT7M812/IDT7M912 are TTL- 
compatible and operate from a single 5V supply. (NOTE: Both Vex: 
pins need to be connected to the 5V supply and both GND pins 
need to be grounded for proper operation.) Ful ly asynchronous cir- 
cuitry is used, requiring no clocks or refreshing for operation, and 
providing access and cycles times for ease of use. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


GND (1) q ' 
Ao 
A, 

A 2 

a 3 

a 4 
a 5 

Ae 
A7 
Do 
Di 
D 2 

d 3 
d 4 
d 5 

Da 
D 7 

d 8 /nc< 2 > 

WE 
GND* 1 * 


M4< 3 > 


40 □ 
39 □ 
38 □ 

37 □ 

38 □ 
35 □ 
34 □ 
33 □ 
32 □ 
31 □ 
30 □ 
29 □ 
28 □ 

27 □ 

28 □ 
25 □ 
24 □ 


.( 1 ) 


Vcc' 

A 15 

a 14 

Ai 3 

a 12 
A 11 
A10 

A 9 

Aa 
Y 0 
V, 

Y 2 

y 3 
y 4 
y 5 

Ye 
_ y 7 

23 □ Y 8 /NC< 2 > 
□ C3 
21 □ V cc (1 > 



PIN NAMES 


DIP 

TOP VIEW 

NOTES: 

1 . Both Vcc Pins need to be connected to the 5V supply and both GND pins need to be grounded for proper 
operation. 

Pin 18 is D a and pin 23 is Y 8 in 64K x 9 (IDT7M912) option and both 18 and 23 are NC in 64K x 8 
(IDT7M812) option. 

For module dimensions, please refer to module drawing M4 in the packaging section. 


2 . 


3. 


A 0 -A 15 

Address 

Do _ D 8 

Data Input 

Y 0 -Y 8 

Data Output 

C5 

Chip Select 

WE 

Write Enable 

Vcc 

Power 

GND 

Ground 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7M812/IDT7M912 51 2K(64Kx 8-BIT or64Kx9-B!T) 
CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) RECOMMENDED OPERATING 

TEMPERATURE AND SUPPLY VOLTAGE 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0V ±10%, T* = -55°C to +125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7M912 
TYP. MAX. (3) 

max'. 4 


ESSflNHifflSSi 

UNIT 

Uul 

Input Leakage Current 

Vcc = 5.5V; Vn = GND to \fcc 

- 

- 


Bi 

- 

- 


ms 

pA 

I'loI 

Output Leakage Current 

Vcc = 5.5V 

£§ = Vih . Vout = GND to Vcc 

- 

- 

20 

llof 

- 

- 

20 

20 : 

PA 

'cci 

Operating Power Supply 
Current 

£5 = Vil, Output Open 

Min. Duty Cycle = 100% 

- 

540 

1080 

1260 

- 

480 

960 

1120 

mA 

•cC2 

Dynamic Operating Current 

Min. Duty Cycle = 100% 

Output Open 

- 

540 

1080 

1530 

- 

480 

960 

1360: 

mA 

•sB 

Standby Power Supply 
Current 

£s>y H 

Min.Duty Cycle = 100% 

- 

270 

450 

iisll 

- 

240 

400 

520 

mA 

'SBI 

Full Standby Power Supply 
Current 

C5 > Vcc -0.2 V 

V| N > Vcc -0.2V or < 0.2V 

- 

0.2 

180® 

225 

- 

0.05 

160®.:20Q| 

mA 

V 0 L 

Output Low Voltage 

Iol = 10mA, V C c = Min. 

- 

- 

0.5 

;0.5 

- 

- 

0.5 


MM 

Iol = 8mA, Vcc = Min. 

- 

- 

0.4 : 

stL 4 

- 

- 

0.4 


MM 

V OH 

Output High Voltage 

•oh = -4mA, V C c = Min. 

2.4 

- 

- * 

L 

2.4 

- 

- 


V 


NOTES: 

1. Typical limits are at Vcc = 5.0V, +25°C. 

2. I SB1 (max.) of IDT7M81 2/91 2 at commercial temperature = 80mA/90mA. 

3. t M = 30. 35, 45, 55ns 

4. t M = 25ns 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

o< 

O 

Military 

-55°C to + 125°C 

OV 

5.0V ± 10% 

Commercial 

0°Cto +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V IL 

Input Low Voltage 

-0.5(0 

- 

0.8 

V 


NOTE: 

1. V |L = -3.0V for pulse width less than 20ns. 


ESEH 

RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

El 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 


Storage 

Temperature 

-55 to +125 

-65 to +155 

°c 

m 

DC Output Current 

50 

50 

mA 
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IDT7M81 2/ 1 DT7M912 51 2K (64K x 8-BIT or 64K x 9-BIT) 
CMOS STATIC RAM MODULE 


AC TEST CONDITIONS 

Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 and 3 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 1. Output Load Figure 2. Output Load 

(for t H z. tLz> l wz> and *ow) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ±10%, T a = -55°C to +125°C and 0°C to +70°C) 




7M912S25 

7M912S30 

7M912S35 

7M912S45 

7M912S55 

7M912S65 


SYMBOL 

PARAMETER 

7M812S25 
COM’L ONLY 

■1 

7M812S35 

7M812S45 

7M812S55 

7M812S65 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


READ CYCLE 


*RC 

Read Cycle Time 

25 

- 

30 

- 

35 

- 

45 

- 

55 

- 

65 

- 

ns 

*AA 

Address Access Time 

-# :S: 

25 

- 

30 

- 

35 

- 

45 

- 

55 

- 

65 

ns 

*ACS 

Chip Select Access Time 

- : 

25 

- 

30 

- 

35 

- 

45 

- 

55 

- 

65 

ns 

*OH 

Output Hold from Address Change 

5 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*L2 

Chip Selection to Output in Low Z 

5 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

»HZ 

Chip Deselection to Output in High Z 

- 

20 

- 

25 

- 

25 

- 

30 

- 

30 

- 

30 

ns 

tpu 

Chip Selection to Power Up Time 

0 

fp- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*PD 

Chip Selection to Power Down Time 


25 

- 

30 

- 

35 

- 

35 

- 

35 

- 

35 

ns 

WRITE CYCLE 

*wc 

Write Cycle Time 

25 

•- 

30 

- 

35 

- 

45 

- 

55 

- 

65 

- 

ns 

*cw 

Chip Selection to End of Write 

23 

- 

28 

- 

35 

- 

40 

- 

50 

- 

55 

- 

ns 

*AW 

Address Valid to End of Write 

23 

- 

28 

- 

35 

- 

40 

- 

50 

- 

55 

- 

ns 

^AS 

Address Set-up Time 

3 

- 

3 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*WP 

Write Pulse Width 

20 

- 

25 

- 

30 

- 

30 

- 

35 

- 

40 

- 

ns 

*WR 

Write Recovery Time 

0 

£- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*DW 

Data Valid to End of Write 

15 

- 

20 

- 

20 

- 

25 

- 

25 

- 

30 

- 

ns 

*DH 

Data Hold Time 

5 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l WZ 

Write Enable to Output in High Z 

0 

20 

0 

25 

0 

25 

0 

30 

0 

30 

0 

35 

ns 

*OW 

Output Active from End of Write 

0 

_ 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 








































































































































































IDT7M812/ IDT7M912 512K (64Kx 8-BIT or 64Kx9-BIT) 
CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 <1,2) 



TIMING WAVEFORM OF READ CYCLE NO. 2 <1l3> 


cs 


DATAqut 


Vcc SUPPLY 
CURRENT 






< ) 

^ DATA VALID ^ 


HIGH IMPEDANCE 



NOTES: 

1. WE is high for READ cycle. 

2. <53 is low for READ cycle. 

3. Address valid prior to or coincident with C3 transition low. 

4. Transition is measured ±200mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 

5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 
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IDT7M81 2/ 1 DT7M912 51 2K (64Kx 8-BIT or 64K x 9-BIT) 
CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2,3 ' 71 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) <1,2>3S) 



NOTES: 

1. WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (V/p) of a low CS and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period. I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±500mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) >t WHZ +tp W ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
UE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT7M812/ IDT7M912512K(64Kx8-BIT or64Kx9-BIT) 
CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

Cs 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

High 2 

Standby 

Read 

L 

H 

DATA out 

Active 

Write 

L 

L 

High Z 

Active 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

TEST 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 


80 

pF 

w&m 

Output Capacitance 

K3SEZH 

15 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 



Blank Commercial (0°C to +70°C) 

B Military (-55°C to + 125°C) 

Semiconductor Components Compliant to 
MIL-STD-883, Class B 


C 

Sidebraze DIP 

25 

Commercial Only 

30 

Commercial Only 

35 

45 


55 


65 


S 

Standard Power 

7M812 

64K x 8-Bit 

7M912 

64K x 9-Bit 


Speed in Nanoseconds 
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256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE 


IDT7M856S 


FEATURES: 

• High-density 256K (32K x 8-bit) CMOS static RAM module 

• Equivalent to JEDEC standard for future monolithic 32K x 8 
static RAMs 

• High-speed — 40ns (max.) commercial; 55ns (max.) military 

• Low-power consumption; typically less than 1W operating, 
less than ImW in standby 

• Utilizes IDT7198s— high-performance 64K static RAMs 
produced with advanced CEMOS” technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Pin compatible with IDT7M864 (8K x 8 SRAM module) 

• Offered in the JEDEC standard 28-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components 100% 
screened to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold 
temperatures for all AC and DC parameters as per 
customer requirements 


DESCRIPTION: 

The I DT7M856 is a 256K (32,768 x 8-bit) high-speed static RAM 
constructed on a co-fired ceramic substrate using four IDT7198 
(16,384 x 4) static RAMs in leadless chip carriers. Functional 
equivalence to proposed monolithic 256K static RAMs is 
achieved by utilization of an on-board decoder, used as an 
inverter, that interprets the higher order address A14 to select two 
of the four 16K x 4 RAMs. Extremely fast speeds can be achieved 
with this technique due to use of 64K static RAMs and the 
decoder fabricated in IDT’s high-performance, high-reliability 
CEMOS technology. 

The IDT8M856isavailable with maximum access times as fast 
as 40ns for commercial and 55ns for military temperature ranges, 
with maximum power consumption of only 2 watts. The circuit 
also offers a reduced power standby mode. When CS goes high, 
the circuit will automatically go to a standby mode with power 
consumption of only l.lmW (max.). Substantially lower power 
levels can be achieved in a full standby mode (440mW max.). 

The IDT8M856 is offered in a 28-pin, 600 mil center sidebraze 
DIP. This provides four times the density of the IDT7M864(8Kx8 
module) in the same socket with only minor pin assignment 
changes. In addition, the JEDEC standard for 256K monolithic 
pinouts has been adhered to, allowing for compatibility with 
future monolithics. 

All inputs and outputs of the IDT7M856 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous 
circuitry is used requiring no clocks or refreshing for operation, 
and provides equal access and cycle times for ease of use. 

All IDT military module semiconductor components are 100% 
processed to the test methods of MIL-STD-883 Class B, making 
them ideally suited to applications demanding the highest level 
of performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


A14E 

Al2GL 

A/[T 

A6[T 


mvcc 

11 WE 
UA13 
!]-A 8 

E Ag 

11 An 
HI OE 
E A10 
DCS 

As (X 
A4 D[ 
A3 (T 
A 2 QT 
Ai E 
Ao [to 





E I/Os 

1 /OiQT 
I/O2CI 
I/O; [iT 
GND[» 


E 1/O7 
E 1/06 
El/Os 
E1/O4 


PIN NAMES 


< 

0 

< 

ADDRESSES 

l/Oi - I/Os 

DATA INPUT/OUTPUT 

CS 

CHIP SELECT 

< 

O 

O 

POWER 

We 

WRITE ENABLE 

OE 

OUTPUT ENABLE 

GND 

GROUND 


DIP 

TOP VIEW 


Ao - Al3 
l/Oi - 1/04 
l/0 5 - 1/08 
WE 
OE 




CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES JULY 1986 


®1986 Integrated Device Technology, Inc. 
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IDT7M856S 256K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATING* 1 ) RECOMMENDED OPERATING CONDITIONS 


NOTE: 

1. V IL min = -3.0V pulse width less than 20ns. 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect reliability. 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, T A = -55°C to +125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. TYP.O) MAX. 

UNIT 


Input Leakage Current 

V cc = 5.5V, V IN = 0V to V cc 

15 

pA 

msm 

Output Leakage Current 

V cc = 5.5V, CS = V| H , Vout = 0V to V cc 

- 15 

mA 

■cci 

Operating Power Supply Current 

CS = V|i_, Output Open, V c c = 5.5V, f = 0 

190 380 

mA 

■CC2 

Dynamic Operating Current 

CS = V|j_, Output Open, V C c = 5.5V, f = f Max. 

190 380 

mA 

■sB 

Standby Power Supply Current 

CS > V| H (TTL Level), V cc = 5.5 V, Output Open 

90 200 

mA 

■sBI 

Full Standby Power Supply Current 

CS > V cc - 0.2V (CMOS Level) 

Vin 2 V cc - 0 2V or < 0.2V 

- 0.2 80< 2 > 

mA 

WM 

Output Low Voltage 

l 0L = 10mA, V cc = 4.5V 
l 0L - 8mA, V cc = 4.5V 

- - 0.5 

- — 0.4 

V 

V 0H 

Output High Voltage 

1 oh = -4mA, V cc = 4.5V 

2.4 

V 


NOTES: 

1. V cc = 5V, T a = +25°C 

2. I SB1 at commercial temperature = 60mA. 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

EM 


Terminal Voltage 
with Respect 
to GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-10 to +85 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

Pt 

Power Dissipation 

4.0 

4.0 

w 

'out 

DC Output Current 

50 

50 

mA 


SYMBOL 

PARAMETER 

m 

MU'iiW 


wmi 

Vcc 

Supply Voltage 

4.5 

5.0 

w 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Vih 

Input High Voltage 

2.2 

— 

6.0 

V 

VlL 

Input Low Voltage 

BMI 

— 

0.8 

V 
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IDT7M856S 256K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GNDto 3.0V 

Input Rise and Fall Times 

5ns 

Input Timing Reference Levels 

1.5 V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


+5V 


DoUT- 


25sn: 


4800 
4= 30pF* 


m 


+5 V 


DOUT- 


255H 


480H 
-T- 5pF* 


m 


SRD7198S/L-005 SRD7198S/L-006 

Figure 1. Output Load Figure 2. Output Load 

(for t H2 , t L2 , t W2 , and t ow ) 


‘Including scope and Jig 


AC CHARACTERISTICS (V cc = 5V ±10%, T A = 0°C to +70°C) 


SYMBOL 

PARAMETER 

IDT7M856S40 
MIN. MAX. 

IDT7M856S50 
MIN. MAX. 

IDT7M856S60 
MIN. MAX. 

IDT7M856S70 
MIN. MAX. 

IDT7M856S85 
MIN. MAX. 

UNITS 

READ CYCLE 

Irc 

Read Cycle Time 

40 

- 

50 

- 

60 

- 

70 

- 

85 

. - 

ns 

*AA 

Address Access Time 

- 

40 

- 

50 

- 

60 

- 

70 

- 

85 

ns 

l ACS 

Chip Select Access Time 

- 

40 

- 

50 

- 

55 

- 

65 

- 

80 

ns 

tcLZ 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 — 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

30 

— 

35 

- 

40 

- 

45 

- 

55 

ns 

*OLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l CHZ 

Chip Select to Output in High Z 

- 

15 

- 

15 

- 

20 

- 

25 

— 30 

ns 

l OHZ 

Output Disable to Output in HighZ 

- 

15 

- 

15 

— 20 

- 

25 

- 

30 

ns 

l OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l PU 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tpo 

Chip Deselect to Power Down Time 

- 

40 

- 

50 

- 

60 

- 

70 

- 

85 

ns 

WRITE CYCLE 

l wc 

Write Cycle Time 

40 

- 

50 

- 

60 

- 

70 

- 

85 

- 

ns 

lew 

Chip Select to End of Write 

35 

- 

45 

- 

50 

- 

60 

- 

75 

- 

ns 

*AW 

Address Valid to End or Write 

35 

- 

45 

- 

50 

- 

60 

- 

75 

- 

ns 

*AS 

Address Setup Time 

5 

- 

5 

- 

10 

- 

10 



10 

- 

ns 

twp 

Write Pulse Width 

30 

- 

35 

- 

40 

- 

45 

- 

50 

- 

ns 

1 WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

*WHZ 

Write Enable to Output High Z 

- 

20 

- 

20 

- 

25 

- 

30 

- 

40 

ns 

tow 

Data to Write Time Overlap 

20 

- 

20 

- 

25 

- 

30 

- 

40 

- 

ns 

Idh 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tow 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 













































































































































































IDT7M856S 2S6K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, T A = -55°C to +125°C) 


SYMBOL 

PARAMETER 

IDT7M856S55 
MIN. MAX. 

IDT7M856S65 
MIN. MAX. 

IDT7M856S75 
MIN. MAX. 

IDT7M856S90 
MIN. MAX. 

IDT7M856S100 
MIN. MAX. 

UNITS 

| READ CYCLE | 

*RC 

Read Cycle Time 

55 — 

65 — 

75 — 

90 — 

100 — 

05 l 


{ AA 

Address Access Time 

- 

55 

- 

65 

— 

75 

- 

90 

- 

100 

ns 

*ACS 

Chip Select Access Time 

- 

55 

- 

55 

- 

65 

- 

80 

- 

90 

ns 

f CLZ 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l OE 

Output Enable to Output Valid 

- 

40 

- 

45 

- 

50 

— 60 

- 

65 

ns 

l OLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*CHZ 

Chip Select to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

'OHZ 

Output Disable to Output in High Z 

— 

20 

— 

25 

— 

30 

— 

35 

— 

40 

ns 


t 0H Output Hold from Address Change 5 — 5 — 5 — 5 — 5 — ns 

t PU Chip Select to Power Up Time 0 — 0 — 0 — 0 — 0 — ns 



t wc Write Cycle Time 55 — 65 — 75 — 90 — 100 — ns 

t cw Chip Select to End of Write 50 — 55 — 65 — 75 — 85 — ns 

t AW Address Valid to End of Write 50 — 55 — 65 — 75 — 85 — ns 

t AS Address Setup Time 5 — 10 — 10 — 15 — 15 — ns 

t WP Write Pulse Width 40 — 45 — 45 — 50 — 55 — ns 

t W R Write Recovery Time 0 — 0 — 0 — 0 — 0 — ns 

twHZ Write Enable to Output High Z — 25 — 30 — 40 — 50 — 50 ns 

t DW Data to Write Time Overlap 25 — 30 — 35 — 45 — 45 — ns 

t DH Data Hold from Write Time 5 — 5 — 5 — 5 — 5 — ns 

t ow Output Active from End of Write 5 — 5 — 5 — 5 — 5 — ns 











































































































































































IDT7M856S 2S6K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 2(W) 


1 

*• tRC ► 


v 

ADDRESS y 

t ; 




-> tAA 







DATA out PREVIOUS DATA VALID ^ 

TO 

( DATA VALID ) 



SRD7198S/L-008 


TIMING WAVEFORM OF READ CYCLE NO. 30.3,4) 



NOTES: 

1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V, L . 

3. Address valid prior to or coincident with Cs transition low. 

4. OE = V il . 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED)(1) 



*• twc ► 


ADDRESS ^ 

( } 

( 


tWR(3) 




c 


9WHH 



1 tew *■ 



Emv 

nsnscs 

5) 

, 7 

mmm 

— 



tAS 


WE 

1 

H 

■H 

t 

kt 0 H2(4.9)-H 

\* tWP< 2 ) *] 

DATA,..., \ \\ \\ \\ \\ 

/////// Z7| 

DATAifj 

|*« — tDW— \ 

h *DH *-J 


wmsm 


— 


SRD7198S/L-010 
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IDT7M856S 256K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED)(1.6) 



SRD7198S/L- Oil 

NOTES: 

1. WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (t WP ) of a low CS. 

3. t WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 

6. OE is continuously low (OE = V IL ). 

7. DATA OUT is the same phase of write data of this write cycle. 

8. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 

9. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 


TRUTH TABLE 


MODE 

CS 

OE 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

X 

High Z 

Standby 

Read 

L 

L 

H 

d out 

Active 

Read 

L 

H 

H 

High Z 

Active 

Write 

L 

X 

L 

D,n 

Active 


CAPACITANCE (T A = +25° C, f = 1.0MHz) 


SYMBOL 

PARAMETERS) 

| CONDITIONS | 

TYP. 


C|N 

Input Capacitance 

> 

o 

II 

z 

> 

35 

PF 

Cqut 

Output Capacitance 

MMBSM 

26 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


Address Access Time vs. 
Capacitive Load 



50 

Capacitive Load (pf) 


SRD7M656-016 
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IDT7M856S 256K (32K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 


XXXX A 999 A A 

Device Type Power Speed Package Process/ 


Commercial 
(0°C to +70°C) 

Military 
(-55°C +125°C) 

Semiconductor components screened to MIL-STD-883, 
Method 5004, Class B 

Sidebraze 

Commercial Only 
Commercial Only 
Commercial Only 
Commercial Only 
Commercial Only 
Military Only 
Military Only 
Military Only 
Military Only 
Military Only 

Standard 
32K x 8-Bit 





4 MEGABIT (256Kx 16) 
CMOS STATIC RAM 


ADVANCE 

INFORMATION 

IDT7M4016 



FEATURES: 

• High-density 4 megabit (256K x 16) CMOS static RAM module 

• Low power consumption 

• Utilizes 16 IDT71257 high-performance 256K x 1 CMOS static 
RAMs produced with IDT's advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Available in 48-pin, 900 mil wide ceramic sidebraze DIP 

• 4X the density of the IDT7M624 (1024K RAM module) in the 
same size package 

• Multiple GND pins for maximum noise immunity 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M4016 is a 4-megabit high-speed CMOS static RAM 
module constructed on a multi-layered ceramic substrate using 
sixteen IDT71257 (256K x 1) static RAMs in leadless chip carriers. 
The IDT7M4016 is an upgrade from the IDT7M624 (1024K RAM 
module) offering four times the memory density in the same size 
package. Making four chip select lines available (one for each 
group of four RAMs) allows the user to configure the memory into a 
256K x 16, 51 2K x 8 or 1024K x 4 organization. In addition, 
extremely high speeds are achievable by the use of IDT71257S, 
fabricated in IDT’s high-performance, high-reliability CEMOS 
technology. This state-of-the-art technology, combined with inno- 
vative circuit design techniques, provides the fastest 256K static 
RAMs available. 

The IDT7M4016 is packaged in a 48-pin, 900 mil center 
sidebraze DIP to take advantage of the compact leadless chip car- 
riers. This enables four megabits of static RAM memory to be 
placed in less than 2.2 square inches of board space. 

All inputs and outputs of the IDT7M4016 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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PIN CONFIGURATION 


PIN NAMES 



TOP VIEW 


PACKAGE DIMENSIONS 



PIN NO.1 




FEATURES: 

• High-density 2 megabit (64K x 32) CMOS static RAM module 

• Fast access times 

— Military: 60ns (max.) 

- Commercial: 45ns (max.) 

• Individual byte selects 

• Upper and lower word write enables 

• CEMOS™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with lDT’s high-reliability vapor phase solder reflow 
process 

• Available in 60-pin, 600 mil wide ceramic sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 


The IDT7M4017 is a 2 megabit (64K x 32) high-speed static RAM 
module constructed on a co-fired ceramic substrate using eight 
IDT71256 32K x 8 static RAMs in leadiess chip carriers. On-board 
decoders use A 15 to select the upper or lower bank of RAMs. Four 
chip selects control individual byte selection. Extremely fast 
speeds can be achieved due to use of 256K static RAMs and the 
decoder fabricated in IDT’s high-performance, high-reliability 
CEMOS technology. 

The IDT7M4017 is offered in a 60-pin, 600 mil center sidebraze 
DIP which enables two megabits of memory to be placed in less 
than 1.9 square inches of board space. 

The IDT7M4017 is available with fast access times over the 
commercial and military temperature ranges, with minimal power 
consumption. The circuit also offers a reduced power standby 
mode. When CS goes high, the circuit will automatically go to a 
substantially lower power mode. 

All inputs and outputs of the IDT7M4017 are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of per- 
formance and reliability. 
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IDT7M4017 2 MEGABIT (64K x 32) 
CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



13-73 




1 MEGABIT (64Kx 16-BIT) & 
51 2K (32Kx 16-BIT) 

CMOS STATIC RAM 
PLASTIC SIP MODULE 


IDT8MP624S 

1DT8MP612S 


FEATURES: 

• High-density 1024K/512K-bit CMOS static RAM module 

• 64K x 16 organization (IDT8MP624) with 32K x 16 option 
(IDT8MP612) 

• Upper byte (I/O 9 - 10 ) and lower byte (I/0 1 -s) separated control 
— Allows flexibility in application 

• Fast access time: 40ns (max.) 

• Low power consumption 

• CEMOS™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• Offered in a SIP (single in-line) package for maximum 
space-savings 

• Cost-effective plastic surface-mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT8MP624S/IDT8MP612S are 1024K/512K high-speed 
CMOS static RAMs constructed on an epoxy laminate substrate 
using four IDT71256 32K x 8 static RAMs (IDT8MP624S) or two 
IDT71256 static RAMs (IDT8MP612S) in plastic surface-mount 
packages. Functional equivalence to proposed monolithic static 
RAMs is achieved by utilization of an on-board decoder that inter- 
prets the higher order address A15 to select one of the two32K x 16 
RAMs as the by- 16 output and using LB and UB as two extra chip 
select functions for lower byte (l/Oi- B ) and upper byte (l/Og-ie) 
control, respectively. (On the IDT8MP612S 32K x 16 option, A15 
needs to be externally grounded for proper operation.) Extremely 
high speeds are achieved by the use of IDT71256s fabricated in 
IDT’s high-performance, high-reliability technology, CEMOS. This 
state-of-the-art technology, combined with innovative circuit de- 
sign techniques, provides the fastest 1024K/512K static RAMs 
available. 

The IDT8MP624S/IDT8MP612S are available with access times 
as fast as 40ns over the commercial temperature range, with maxi- 
mum operating power consumption of only 1 .8W (64K x 1 6 option) . 
The module also offers a full standby mode of 330mW (max.) 

The I DT8M P624S/I DT8 M P6 1 2S are offered in a 40-pin plastic 
SIP package. For the 40-pin JEDEC standard DIP, refer to the 
IDT8M624S/IDT8M612S. 

All inputs and outputs of the IDT8MP624S/IDT8MP612S are 
TTL-compatible and operate from a single 5V supply. (NOTE: Both 
GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology. Inc. 

COMMERCIAL TEMPERATURE RANGE DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT8MP624S/IDT8MP612S 1024K(64Kx 16-BIT) & 

512K (32 K x 16-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATION 



SIP 

FRONT VIEW 

NOTE: 

* For module dimensions, please refer to module drawing M14 in the packaging section. 


PIN NAMES 


A 0-15 

Addresses 

l/Ol-IB 

Data Input/Output 

cs 

Chip Select 

WE 

Write Enable 

Vcc 

Power 

GND 

Ground 

OE 

Output Enable 

UB 

Upper Byte Control 

LB 

Lower Byte Control 


NOTES: 


1 . Both GND pins need to be grounded for 
proper operation. 

2. On IDT8MP612S. 512K (32Kx 16-bit) op- 
tion, A 15 (Pin 31) requires external 
grounding for proper operation. 


ABSOLUTE MAXIMUM RATINGS m 



RATING 

VALUE 


|g 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

D 

Lja 

Operating Temperature 

Oto +70 

■ ■ 

USH 

Temperature Under Bias 

-10 to +85 

KS 

t stg 

Storage Temperature 

-55 to +125 

°C 

•out 

DC Output Current 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. | 

TYP. | 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

EB 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 

- 

mm 

V 

V|L 

Input Low Voltage 

-o.s* 1 ) 

- 

| 0.8 

V 


NOTE: 

1 . V |L (min.) = -3.0V for pulse width less than 20ns. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V ± 10% 


DC ELECTRICAL CHARACTERISTICS 

Vcc= 5.0V ±10%. V^ (Min.) = 4.5V. V cc (Max.) = 5.5V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT8MP624S 
MIN. TYP. (1 > MAX. 

IDT8MP612S 

MIN. TYP.* 1 ) MAX. 

UNIT 

■mi 

Input Leakage Current 

' Vcc = Max.;V iN = GND toV cc 

- 

- 

15 

- 

- 

15 

pA 

I'loI 

Output Leakage Current 

EBHH 

- 

- 

15 

- 

- 

15 

pA 

•ccxie 

Operating Current In XI 6 Mode 

CS. UB & LB = V| L 

V cc = Max., Output Open 
f = fMAX 

- 

175 

340 

- 

150 

300 

mA 

•ccx8 

Operating Current In X8 Mode 

CS= V| L . OB or LB = V, L 

Vcc = Max., Output Open 
f = •max 

- 

100 

200 

- 

80 

170 

mA 

— 

Standby Power Supply Current 

CS > Vh °r 

UB ^ V IH and LB s \^ H 

Vcc = Max- 

Output Open 

- 

4 

60 

- 

2 

30 

mA 

V OL 

Output Low Voltage 

l 01 _ = 8mA, V cc = Min. 

- 

- 

0.4 

- 

- 

0.4 

V 

Vqh 

Output High Voltage 

Iqh = - 4mA, Vcc = Min. 

2.4 

- 

- 

2.4 

- 

- 

V 


NOTE: 

I.Vcc = 5V. T a =+25°C 















































































IDT8MP624S/IDT8MP612S 1024K (64K x 16-BIT) & 

512K(32Kx 16-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10 ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


5V 


DATA C 


255fl • 


4800 

30pF 


DATA 0 ut 


255fl « 


480Q 
T 5pF* 


Figure 1 . Output Load Figure 2. Output Load 

(for t CL 2i 2 ,t 0 LZ.tcHZ1.2 'toHZ. 
l OW .<WHz) 

‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10 %, t a = o°cto +70°C) 




IDT8MP624S40 

IDT8MP624S45 

IDT8MP624S50 

IDT8MP624S60 

IDT8MP624S70 


SYMBOL 

PARAMETERS 

IDT8MP612S40 

IDT8MP612S45 

IDT8MP612S50 

IDT8MP612S60 

IDT8MP612S70 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


READ CYCLE 



*RC 

Read Cycle Time 

40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

ns 

*AA 

Address Access Time 

- 

40 

- 

45 

- 

50 

- 

60 

- 

70 

ns 

*ACS 

Chip Select Access Time 

- 

40 

- 

45 

- 

50 

- 

60 

- 

70 

mm 

ill 

Chip Select to Output in Low Z 

5 

if- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*0E 

Output Enable to Output Valid 

- 

25 

- 

25 

- 

30 

- 

35 

- 

40 

ns 

l OLZ (1) 

Output Enable to Output in Low 2 

5 


5 

- 

5 

- 

5 

- 

5 

- 

ns 


Chip Select to Output in High Z 

- | 

20 

- 

20 

- 

20 

- 

25 

- 

30 

ns 

w ,J 

Output Disable to Output in High Z 

- : 

20 

- 

20 

_ 

20 

- 

25 

- 

30 

ns 

*OH 

Output Hold from Address Change 

3 :. 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

W’> 

Chip Select to Power Up Time 

0 itil: — 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

t PD< 1) 

Chip Deselect to Power Down Time 


sr 40 

- 

45 

- 

50 

- 

60 

- 

70 

ns 

| WRITE CYCLE 

*wc 

Write Cycle Time 

40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

ns 

l cw 

Chip Selection to End of Write 

35 

;• - 

40 

- 

45 

- 

55 

- 

65 

- 

ns 

*AW 

Address Valid to End of Write 

35 

|| - 

40 

- 

45 


55 

- 

65 

- 

ns 

^AS 

Address Set-up Time 

5:! 

it - 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l WP 

Write Pulse Width 

30 

;; - 

35 

- 

40 

- 

50 

- 

60 

- 

ns 

MM 

Write Recovery Time 


: - 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'wHZ* 1 ’ 

Write Enable to Output in High Z 

- 

15 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

*DW 

Data to Write Time Overlap 

15 

- 

20 

- 

20 

- 

25 

- 

30 

- 

ns 

^DH 

Data Hold from Write Time 

3 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ms 


NOTE: 

1. This parameter guaranteed but not tested. 
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IDT8M P624S/I DT8M P61 2S 1024K (64Kx 16-BIT) & 

512K (32 K x 16-BIT) CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 
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IDT8MP624S/IDT8MP612S 1024K (64Kx 16-BIT) & 

512K (32Kx 16-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WI CONTROLLED TIMING) <1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1,2,3 ’ 5) 


ADDRESS 


C5 






X 


X 


WE 


DATA,, 


X 


< 






NOTES: 

1. WE or C5 must be high during all address transitions. 

2. A write occurs during the overlap (t Wf ) of a low CS and a low WE. 

3. t WR is measured from the earlier of C5 or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + few) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
C5E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t W p. 
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IDT8MP624S/IDT8MP612S 1024K (64K x 16-BIT) & 

512K (32 K x 16-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


TRUTH TABLE 


MODE 


Standby 


Standby 


Read 

Lower Byte Read L 
Upper Byte Read L 
Read L 

Lower Byte Read L 
Upper Byte Read L 
Write L 

Lower Byte Write L 
Upper Byte Write L 


OUTPUT 

POWER 

High Z 

Standby 

High Z 

Standby 



u OUT1-18 


D OUT 1 -8 

Active (X8) 

DouTg.ie 

Active (X8) 

High Z 

Active 

High Z 

Active (X8) 

High 2 

Active (X8) 

°IN 1-18 

Active 

Din !_ 8 

Active (X8) 

D|N 9-16 

Active (X8) 


ORDERING INFORMATION 

IDT XXXX A 999 A A 

Device Type Power Speed Package Process/ 

I I I I Temperature 

Range 


CAPACITANCE(T a = +25° C, f = 1.0MHz) 


SYMBOL 

PARAMETER (1) 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

v, N =ov 

35 

PF 

Doirr 

Output Capacitance 

V 0 ur= 0V 

40 

pF 


1. This parameter is sampled and not 100% tested. 



BLANK Commercial (0°C to +70°C) 


Speed in Nanoseconds 


Standard Power 


8MP624 64Kx 16-Bit 
8MP612 32Kx 16-Bit 
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IDT8MP656S 

IDT8MP628S 



Integrated Device Technology. Inc. 


256K (16Kx 16-BIT) & 
128K(8Kx 16-BIT) 
CMOS STATIC RAM 
PLASTIC SIP MODULES 


FEATURES: 

• High-density 256K/128K CMOS static RAM modules 

• 16K x 16 organization (IDT8MP656S) with 8j< x 16 option 
(IDT8MP628) 

• Upper byte (l/Og-ie) and lower byte (l/Oi-s) separated control 

— Flexibility in application 

• Fast access times 

— 40ns (max.) 

• Low power consumption 

— Active: less than 825mW (typ. In 16K x 16 organization) 

— Standby: less than 20mW (typ.) 

• Cost-effective plastic surface mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Offered in an SIP (single in-line) package for maximum 
space-savings 

• Utilizes IDT7164S— high-performance 64K static RAMs 
produced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The I DT8M P656S/I DT8M P628S are 256K/128K-bit high-speed 
CMOS static RAMs constructed on an epoxy laminate substrate 
using four IDT7164 8K x 8 static RAMs (IDT8MP656S) or two 
IDT7164 static RAMs (IDT8MP628S) in plastic surface mount 
packages. 

Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address A 13 to select one of the two 8K x 1 6 RAMs as 
the by-16 output and using LB and UB as two extra chip select 
functions for lower byte (l/Oi-a) and upper byte (I/O 9 -ie) control, 
respectively. (On the IDT8MP628S 8K x 16 option, A13 needs to be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT7164S, fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 256K/128K static RAMs available. 

The IDT8MP656S/IDT8MP628S are available with maximum 
operating power consumption of only 1 ,8W (IDT8MP656S 16K x 16 
option). The modules also offer a full standby mode of 330mW 
(max.). 

The 1 DT8M P656S/I DT8M P628S are offered in a 40-pin plastic 
SIP. For the JED EC standard 40-pin DIP, refer to the IDT8M656S/ 
IDT8M628S. 

All inputs and outputs of the IDT8MP656S/IDT8MP628S are 
TTL-compatible and operate from a single 5V supply. (NOTE: Both 
GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 


FUNCTIONAL BLOCK DIAGRAM 


0-12 

1/0 


_r 

1-8 


I/O, 


9-16 


WE 


OE 


CS 


LB 


UB 


IDT7164 
8K x 8 
CMOS 
STATIC 
RAM 


IDT7164 
8K X 8 
CMOS 
STATIC 
RAM 





r 

1/2 FCT139 
DECODER 


1 

r 

V 


1 


1 

1/2 FCT139 
DECODER 


IDT7164 
8Kx 8 
CMOS 
STATIC 
RAM 


IDT7164 
8K x 8 
CMOS 
STATIC 
RAM 


CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE DECEMBER 1 987 


© 1987 Integrated Device Technology, Inc. 
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IDT8MP656S/IDT8MP628S CMOS STATIC RAM 

PLASTIC SIP MODULE 256K (16K x 16-BIT) & 128K (8Kx 16-BIT) 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATION 



SIP 

FRONT VIEW 


NOTE: 

* For module dimensions, please refer to module drawing Ml 3 in the packaging section. 


PIN NAMES 


Ao-13 

Addresses 

l/Oi-ie 

Data Input/Output 

CS 

Chip Select 

v cc 

Power 

9E3EH 

Write Enable 

61 

Output Enable 

GND 

Ground 

Ub 

Upper Byte Control 

LB 

Lower Byte Control 


NOTES: 


1. Both Vcc pins need to be connected to the 5V 
supply and both GND pins need to be 
grounded for proper operation. 

2. On IDT8MP628S, 128K (8Kx 16-Bit) option. 
A 13 (Pin 35) is required external grounding for 
proper operation. 


ABSOLUTE MAXIMUM RATINGS m 


SYMBOL 

RATING 

VALUE 

UNIT 

Werm 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

Oto +70 

°C 

t bias 

Temperature Under Bias 

-10 to +85 

°C 

Tstg 

Storage Temperature 

-55 to +125 

°C 

Iqut 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5 h) 

- 

0.8 

V 


NOTE: 

1. V, L (min.) = -3.0V for pulse width less than 20ns. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

ov 

5.0V + 10% 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V ± 10%. V cc (Min.) = 4.5V. Vcc (Max.) = 5.5V, V LC = 0.2V, V HC = Vcc = ~ 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT8MP656S 
MIN. TYP. MAX. 

IDT8MP628S 
MIN. TYP. MAX. 

UNIT 

■M 

Input Leakage Current 

Vcc=Max.: V (N = GNDtoVcc 

- 

15 

- - 15 

M-A 


Output Leakage Current 

Vcc = Max. 

CS = V| H . Vqut = GND to V cc 

- - 

15 

- 

- 

15 

pA 

*CCX16 

Operating Current In XI 6 Mode 

CS, 01 & LB = V| U 

Vcc = Max., Output Open 

f = fMAX 

- 165 

330 

- 

150 

300 

mA 

'ccxa 

Operating Current In X8 Mode 

CS = V| L . UB or LB =V IL 

V cc = Max., Output Open 

f = f MAX 

- 100 

200 

- 

80 

170 

mA 

•sB& 

^SBl 

Standby Power Supply Current 

CS a V| H or 

UB ^ V| H and LB s V IH 

Vcc = 

Output Open 

- 4 

60 

- 

2 

30 

mA 

VoL 

Output Low Voltage 

l 0L = 8mA. Vcc = Min. 

- - 

0.4 

- 

- 

0.4 

V 

V OH 

Output High Voltage 

Iqh = -4mA, Vcc = Min. 

2.4 - 

- 

2.4 

- 

- 

V 


























































IDT8M P656S/I DT8M P628S CMOS STATIC RAM 

PLASTIC SIP MODULE 256K (16K x 16-BIT) & 128K (8K x 16-BIT) 


COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


5V 


DATAc 


255fl < 


480fl 
± 30pF 


DATA r 


255H- 


4800 
T 5pF* 


Figure 1 . Output Load Figure 2. Output Load 

(for tcLZ1,2>foLZ'*CHZ1,2>toHZ' 
low »fwHz) 

•Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = sv ±io%,t a = o°cto+ 70 °c) 


SYMBOL 

PARAMETERS 

IDT8MP656S40 
IDT8MP628S40 
MIN. MAX. 

IDT8MP656S50 
IDT8MP628S50 
MIN. MAX. 

IDT8MP656S70 
IDT8MP628S70 
MIN. MAX. 

IDT8MP656S85 
IDT8MP628S85 
MIN. MAX. 

UNIT 

READ CYCLE j 

'rC 

Read Cycle Time 

40 

- 

50 

- 

70 

- 

85 

- 

ns 

*AA 

Address Access Time 

- 

40 

- 

50 

- 

70 

- 

85 

ns 

l ACS 

Chip Select Access Time 

- 

40 

- 

50 

- 

70 

- 

85 

wm\ 

'cLZ1,2^ 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

25 

- 

30 

- 

40 

- 

50 

ns 

W 1 ’ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

m i 

Chip Select to Output in High Z 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

W (,) 

Output Disable to Output in High Z 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

t 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 1 * 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

fpoi 1 ) 

Chip Deselect to Power Down Time 

- 

40 

- 

50 

- 

70 

- 

85 

ns 

1 WRITE CYCLE | 

| 'wc 

Write Cycle Time 

40 

- 

50 

- 

70 


85 

- 

ns 1 


Chip Selection to End of Write 

5 

- 

45 

- 

65 

- 

75 

- 


*AW 

Address Valid to End of Write 

35 

- 

45 

- 

65 

- 

75 

- 

ns 

l AS 

Address Set-up Time 

5 

- 

5 

- 

10 

- 

10 

- 

ns 

'wp 

Write Pulse Width 

30 

- 

40 

- 

55 

- 

65 

- 

ns 

'wR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

twHz' 1 ' 

Write Enable to Output in High Z 

- 

15 

- 

20 

- 

25 

- 

30 

ns 

'dw 

Data to Write Time Overlap 

15 

- 

20 

- 

30 

- 

35 

- 

ns 

'dh 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 1 ' 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 
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I DT8M P656S/IDT8M P628S CMOS STATIC RAM 

PLASTIC SIP MODULE 256K (16Kx 16-BIT) & 128K (8K x 16-BIT) 


COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1) 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1 ’ 2>4) 



*RC ► 


ADDRESS ^ 

( > 

( 


L t 1 



^ 'AA 

^ t nil .... 


- t ^1 


^ OH ► 

'OH ► 

DATAqui PREVIOUS DATA VALID ^ 


( DATA VALID ) 


1 1 




TIMING WAVEFORM OF READ CYCLE NO. 3 (1 > 3 - 4) 


UB, LB & CS 


DATA out 




NOTES: 

1 . WE is High for Read Cycle. _ 

2. Device is continuously selected. CS = V, L and UB, LB = V !L for 16 output active. 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V| L 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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I DT8M P656S/I DT8M P628S CMOS STATIC RAM 

PLASTIC SIP MODULE 256K (16K x 16-BIT) & 128K (8K x 16-BIT) 


COMMERCIALTEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) <1,2 * 3, 75 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (C5 CONTROLLED TIMING) (1,2 ’ 3 ’ 5) 



NOTES: 

1. WE or £3 must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low £3 and a low WE. 

3. t WR is measured from the earlier of £5 or WE going high to the end of write cycle. 

4. During this period. I/O pins are in the output state, and input signals must not be applied. 

5. If the £5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During aWE controlled write cycle, write pulse (t WP ) >t WHZ +tQ W ) toaIlowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
£E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT8MP656S/IDT8MP628S CMOS STATIC RAM 

PLASTIC SIP MODULE 256K {16K x 16-BIT) & 128K (8Kx 16-BIT) 


TRUTH TABLE 


MODE 


Standby 


Standby 


Read 


Lower Byte Read 


Upper Byte Read 


Read 


Lower Byte Read 


Upper Byte Read 


Write 


Lower Byte Write 


Upper Byte Write 


OUTPUT 

POWER 

High Z 

Standby 

High 2 

Standby 

D OUTi-16 

Active 

Domva 

Active (X8) 

D0UTg-1 6 

Active (X8) 

High Z 

Active 

High Z 

Active (X8) 

High Z 

Active (X8) 


Active 


Active (X8) 

D|Ng-i6 

Active (X8) 


ORDERING INFORMATION 


XXXX A 
Device Type Power 


A A 

Package Process/ 

| Temperature 

Range 


COMMERCIAL TEMPERATURE RANGE 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


PARAMETER 0 * 

CONDITIONS 

TYP. 

UNIT 

Input Capacitance 

V IN =0V 

35 

PF 

Output Capacitance 

Vour= 0V 

40 

pF 


1. This parameter is sampled and not 100% tested. 


Address Access Time vs. 
Capacitive Load 




Capacitive Load (pF) 



BLANK Commercial (0°Cto + 70°C) 


Speed in Nanoseconds 


Standard Power 


8MP656 16Kx 16-Bit 
8MP628 8Kx 16-Bit 
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1 MEGABIT (128Kx 8-BIT) 
CMOS STATIC RAM 

IDT8MP824S 

PLASTIC SIP MODULE 



FEATURES: 

• High-density 1024K (128K x 8) CMOS static RAM module 

• Fast access time 

— 40ns (max.) over commercial temperature range 

• Low power consumption 

— Active: less than 500mW (typ.) 

— Standby: less than 8mW (typ.) 

• Cost-effective plastic surface-mounted RAM packages on an 
epoxy laminate (FR4) substrate 

• Offered in a SIP (single in-line package) for maximum space- 
saving 

• Utilizes IDT71256s-high-performance 256K static RAMs pro- 
duced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Single 5V (+10%) power supply 

• Inputs and outputs directly TTL-compatible 


DESCRIPTION: 

The IDT8MP824S isa1024K (1 31, 072 x 8 -bit) high-speed static 
RAM constructed on an epoxy laminate substrate using four 
IDT71256 32K x 8 static RAMs in plastic surface mount packages. 
Functional equivalence to proposed monolithic one megabit static 
RAMs is achieved by utilization of an on-board decoder that inter- 
prets the higher order address A 15 and Aie to select one of the four 
32K x 8 RAMs. Extremely fast speeds can be achieved with this 
technique due to use of 256K static RAMs and the decoder fabri- 
cated in IDT’s high-performance, high-reliability CEMOS technol- 
ogy. 

The IDT8MP824S is available with maximum access times as 
fast as 40ns over the commercial temperature range, with maxi- 
mum operating power consumption of 825mW. The module also 
offers a full standby mode of 330mW (max.). 

The IDT8MP824S is offered in a 30-pin SIP. For the 32-pin 
JEDEC standard DIP, refer to the IDT8M824S. 

All inputs and outputs of the IDT8MP824S are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 


PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 



SIP 

SIDE VIEW 


0-14 
I/ 0 1-8 

WE 

<5E 


J 


IDT71256 
32K X 8 
CMOS 
STATIC 
RAM 


IDT71256 
32K x 8 
CMOS 
STATIC 
RAM 


C5 


T r 


A, 5 



FCT139 

m 16 

DECODER 

C5 — C 





IDT71256 
32Kx 8 
CMOS 
STATIC 
RAM 


US 


V 


IDT71256 
32Kx 8 
CMOS 
STATIC 
RAM 


US 


TT 


PIN NAMES 


A 0-16 

Addresses 

1/0,-s 

Data Input/Output 

cs 

Chip Select 

v cc 

Power 

WE 

Write Enable 

OE 

Output Enable 

GND 

Ground 


1. For module dimensions, please refer to module drawing Ml 2 in the packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT8MP824S 1 MEGABIT 

(128Kx 8-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

VALUE 

UNIT 

V THRM 

Terminal Voltage with Respect 
to GND 

-0.5 to +7.0 

V 

Ta 

Operating Temperature 

Oto +70 

°c 

"•bias 

Temperature Under Bias 

-10 to +85 

°c 

Tstg 

Storage Temperature 

-55 to +125 

°c 

•out 

DC Output Current 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

o< 

o 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.50 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Commercial 

0°C to +70°C 

OV 

5.0V ±10% 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V ±10%. Vcc (Min.) = 4.5V, V CC (Max.) = 5.5V, V LC = 0.2V, V HC = V cc ~ 0-2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

■ram 
nrwi ii HvM 


UNIT 

Hul 

Input Leakage Current 

V cc = Max.;V IN = GNDtoVcc 

- - 

15 

p.A 


Output Leakage Current 

Vcc = Max. 

CS = V| H , Vqut = GND to Vqc 

- 

15 

pA 

•cci 

Operating Power Supply Current 

CS=Ml 

V cc = Max., Output Open 
f = 0 

- 60 

150 

mA 

•cC2 

Dynamic Operating Current 

CS=V IL 

Vcc = Max.. Output Open 
f = ^MAX 

- 100 

200 

mA 

•SB 

Standby Power Supply Current 

CS > V IH or (TTL Level) 

Vcc = Max. 

Output Open 

- 2 

80 

mA 

•sBI 

Full Standby Power Supply Current 

CS> Vhc.Vim > V HC or < V LC 
v cc = Max., Output Open 

- 1.6 

60 

mA 

V OL 

Output Low Voltage 

I 0 l = 8mA, V C c = Min. 

- 

0.4 

V 

Vqh 

Output High Voltage 

•oh “ -4mA, Vqc'= Min. 

2.4 

V 


^ ^/„o ® 
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IDT8MP824S 1 MEGABIT 

(128Kx 8-BIT) CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


AC TEST CONDITIONS 


In Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAqut ■ 


255Q ■ 


4800 
4= 30pF 


5V 


DATAqijt ■ 


2550. ‘ 


4800 
T 5pF* 


Figure 1 . Output Load Figure 2. Output Load 

(for tQLZ! ,2.foLZ-*CHZ1,2-toHZ- 
'oW.'wHz) 

‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%. IX = 0°C to +70°C) 


SYMBOL 

PARAMETERS 

8MP824S40 
MIN. MAX. 

8MP824S45 
MIN. MAX. 

8MP824S50 
MIN. MAX. 

8MP824S60 
MIN. MAX. 

8M824S70 
MIN. MAX. 

UNIT 



READ CYCLE j 

l RC 

Read Cycle Time 

40 


45 

- 

50 

- 

60 

- 

70 

- 

ns | 

*AA 

Address Access Time 

- 0> 

- 40 

- 

45 

- 

50 

- 

60 

- 

70 

mrm 

l ACS 

Chip Select Access Time 

- m 

• 40 

- 

45 

- 

50 

- 

60 

- 

70 


t CLZ1,2 <1) 

Chip Select to Output in Low 2 

5 1 

•i- 

5 

- 

5 

- 

5 

- 

5 

- 

ns | 

*OE 

Output Enable to Output Valid 

- 

25 

- 

25 

- 

30 

“ 

35 

- 

40 

flM 

W 1 ' 

Output Enable to Output in Low Z 

5 ill 

r;;f- 

5 

- 

5 

- 

5 

- 

5 

- 


W’> 

Chip Select to Output in High Z 


20 

- 

20 

- 

20 


25 

- 

30 

ns 

mm 

Output Disable to Output in High Z 

- ; ;i;; 

j- -20 

- 

20 

- 

20 

- 

25 

- 

30 

ns 

l OH 

Output Hold from Address Change 

3 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

ESDI 

Chip Select to Power Up Time 

O'* 

ill- 

0 

- 

0 

- 

0 

- 

0 

- 

mm 

tpoi 1 ) 

Chip Deselect to Power Down Time 

-§p£; 

.-.40 

- 

45 

- 

50 

- 

60 

- 

70 

ns 

WRITE CYCLE .. 

l wc 

Write Cycle Time 

40 if 

m- 

45 

- 

50 

- 

60 

- 

70 

- 

ns 

l cw 

Chip Selection to End of Write 

35?i;;l: 

m - 

40 

- 

45 

- 

55 

- 

65 

- 


*AW 

Address Valid to End of Write 

35 

m - 

40 

- 

45 

- 

55 

- 

65 

- 

ns 

*AS 

Address Set-up Time 

5 

0 ~ 

5 

- 

5 

- 

5 

- 

5 


ns 

*WP 

Write Pulse Width 

30 ^ 

i - 

35 

- 

40 

- 

50 

- 

60 

- 

ns 

*WR 

Write Recovery Time 


p - 

5 

- 

5 

- 

5 

- 

5 

- 

■9 

twHz' 1 ’ 

Write Enable to Output in High Z 

-• : I 5 

- 

15 

- 

20 

- 

25 

- 

30 

KB 

*DW 

Data to Write Time Overlap 

l sill 

i - 

20 

- 

20 

- 

25 

- 

30 

- 


'□H 

Data Hold from Write Time 

3 

- 

5 

- 

5 

- 

5 

- 

5 

- 


tow' 1 ' 

Output Active from End of Write 

5 

s - 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 
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IDT8MP824S 1 MEGABIT 

(128Kx 8-BIT) CMOS STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 
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IDT8MP824S 1 MEGABIT 

(128K x 8-BIT) CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) <1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1,2,3>5) 



NOTES: 

1 . WE or £3 must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low £5 and a low WE. 

3. t WR is measured from the earlier of £3 or WE going high to the end of write cycle. 

4. During this period. I/O pins are in the output state, and input signals must not be applied. 

5. If the £5 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (t WP ) > t WHZ + few) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
£E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT8MP824S 1 MEGABIT 

(128K x 8-BIT) CMOS STATIC RAM PLASTIC SIP MODULE COMMERCIAL TEMPERATURE RANGE 


TRUTH TABLE 


MODE 




OUTPUT 

POWER 

Standby 

H 

B 

X 

High Z 

Standby 

Read 

L 

L 

H 

^btrr 

Active 

Read 

L 

H 

H 

High 2 

Active 

Write 

L 

X 

L 

d in 

Active 


CAPACITANCE (T A =+ 25 °c. f = i.omhz) 



PARAMETER 0 * 

[ CONDITIONS 

TYP. 

UNIT 


Input Capacitance 

> 

o 

II 

z 

> 

35 

pF 


Output Capacitance 

I ^OUT= 0V I 

40 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 



Commercial (0°C to +70°C) 


Plastic SIP 


Speed in Nanoseconds 


Standard Power 


1 Megabit 







































Integrated Device Technology. Inc. 


1 MEGABIT (64K x 16-BIT) 
&512K (32Kx 16-BIT) 

CMOS STATIC RAM MODULE 


IDT8M624S 

IDT8M612S 


FEATURES: 

• High-density 1024K/512K-bit CMOS static RAM module 

• 64K x 16 organization (IDT8M624S) with 32K x 16 option 
(IDT8M612S) 

• Upper byte (l/Oo-ie) and lower byte (I/0 1 - 8 ) separated control 
— Allows flexibility in application 

• Equivalent to JEDEC standard for future monolithic 64K x 16/ 
32K x 16 static RAMs 

• High speed, 40ns (max.) over commercial temperature range 

• Low power consumption 

• CEMOS ™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Offered in the JEDEC standard 40-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold temperatures 
for all AC and DC parameters 


DESCRIPTION: 

The IDT8M624S/IDT8M612S are 1024K/512K-bit high-speed 
CMOS static RAMs constructed on a multi-layered ceramic- 
substrate using four IDT71256 32K x 8 static RAMs (1DT8M624S) or 
two IDT71256 static RAMs (IDT8M612S) in leadless chip carriers. 
Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address Ais to select one of the two 32K x 16 RAMs as 
the by-16 output and using LB and UB as two extra chip select 
functions for lower byte (l/Oi-a ) and upper byte (I/O o-ie) control, 
respectively. (On the IDT8M612S 32K x 16 option, Ais needs to be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT71256S fabricated in IDT’s high- 
performance, high-reliability technology, CEMOS. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 1024K/512K static RAMs available. 

The IDT8M624S/IDT8M612S are available with access times as 
fast as 40ns commercial and 60ns military temperature range, with 
maximum operating power consumption of only 1.8W (max.— 
IDT8M624S 64K x 16 option). The module also offers a full standby 
mode of 440mW (max.). 

The IDT8M624S/IDT8MP612S are offered in a high-density 
40-pin, 600 mil center sidebraze DIP to take full advantage of the 
compact IDT71256S in leadless chip carriers. 

All inputs and outputs of the IDT8M624S/IDT8M612S are TTL- 
compatible and operate from a single 5V supply. (NOTE: Both 
GND pins need to be grounded for proper operation.) Fully asyn- 
chronous circuitry is used, requiring no clocks or refreshing for op- 
eration, and providing equal access and cycle times for ease of 
use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



CEMOS is a trademark of Integrated Device Technology, Ino. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 

© 1987 Integrated Device Technology. Inc. DSC-7017/- 
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IDT8M624S/IDT8M612S 1024K (64K x 16-BIT) & 
512K (32 K x 16-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


Al5< 2 C 

■CSC 
1/0,8 C 
l/OtsC 
1/0,4 c 
I/O, 

I/O, 


I/O. 


1 

' ^ 40 

□ 

2 

39 

□ 

3 

38 

□ 

4 

37 

□ 

5 

36 

□ 

6 

35 

□ 

7 

34 

□ 

8 

33 

□ 

9 

32 

□ 

10 

M3* 31 

□ 

11 

30 

□ 

12 

29 

□ 

13 

28 

□ 

14 

27 

□ 

15 

26 

□ 

16 

25 

□ 

17 

24 

□ 

18 

23 

□ 

19 

22 

□ 

20 

21 

□ 


DIP 

TOP VIEW 


NOTE: 

* For module dimensions, please referto module drawing M3 in the pack- 
aging section. 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°C 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°C 

Q3I 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°C 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


PIN NAMES 


A 0-15 

Addresses 

•/Ol-le 

Data Input/Output 

CS 

Chip Select 

WE 

Write Enable 

Vcc 

Power 

GND 

Ground 

OE 

Output Enable 

Ub 

Upper Byte Control 

LB 

Lower Byte Control 


NOTES: 

1. Both GND pins need to be grounded for proper operation. 

2. On IDT8M612S, 512K (32Kx 16-bit) option. A, 5 (pin 1) requires external 
grounding for proper operation. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5 (1) 

- 

0.8 

V 


NOTE: 

1. V 1L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to 125°C 

OV 

5.0V * 10% 

Commercial 

0°C to+70°C 

0V 

5.0V ± 10% 
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IDT8M624S/IDT8M612S 1024K (64K X 16-BIT) & 
S12K (32 K x 16-BIT) CMOS STATIC RAM MODULE 


MILITARY ANDCOMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V +10%. Vcc (Min.) = 4.5V, V cc (Max.) = 5.5V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT8M624S 
MIN. TYP.* 1 ' MAX. 

IDT8M612S 
MIN. TYP. l1) 

MAX. 

UNIT 

■m 

Input Leakage Current 

Vqc “ Mqx.j Vjfsj ~ GND toVoc 

- 

- 

15 

_ _ 

15 

jlA 


Output Leakage Current 


- 

- 

15 

- 

15 

pA 

*CCX16 

Operating Current In XI 6 Mode 

CS, UB & LB = V 1L 

V cc = Max., Output Open 

f = fM AX 

- 

175 

340 

- 150 

300 

mA 

*CCX8 

Operating Current In X8 Mode 

CS= Vil . OB or LB =V, L 

V cc = Max., Output Open 

1 ~ Wx 

- 

100 

200 

- 80 

170 

mA 

'sb& 

’SBI 

Standby Power Supply Current 

CS a V| H or _ 

UB 2 V| H and LB s V IH 

Vcc= Max. 

Output Open 

- 

4 

80 (2) 

- 2 

40< 2 > 

mA 

Mdl 

Output Low Voltage 

l 0L = 8mA, V cc = Min. 

- 

- 

0.4 

- - 

0.4 

HKSH : 

Ydh 

Output High Voltage 

Iqh = -4mA, Vcc= Min. 

2.4 

- 

- 

2.4 - 

- 

■ 


NOTES: 

1. Vcc= 5 V,T a =+25°C 

2. I SB and l SB1 of IDT8M624S/IDT8M612S at commercial temperature = 60mA/30mA. 
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IDT8M624S/IDT8M612S 1024K (64K X 16-BIT) & 
512K(32Kx 16-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 

Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATA out — 
2550 



4800 

D A 1 A a| rr m 

< 4800 


1 n OUT f 

) 

30pF 

2550 < 

X 5pF* 


Figure 1 . Output Load 


Figure 2. Output Load 

(for t CLZ1 2.t OL Z,tcHZ1,2 , t OHZ . 

W.twHz) 


‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, All Temperature Ranges) 


SYMBOL 

PARAMETER 

8M624S40 
8M612S40 
(COM’L) 
MIN. MAX. 

8M624S45 
8M612S45 
(COM’L) 
MIN. MAX. 

8M624S50 
8M612S50 
(COM’L) 
MIN. MAX. 

8M624S60 

8M612S60 

MIN. MAX. 

8M624S70 

8M612S70 

MIN. MAX. 

8M624S85 
8M612S85 
(MIL) 
MIN. MAX. 

8M624S100 
8M612S100 
(MIL) 
MIN. MAX. 

UNIT 

READ CYCLE 


Irc 

Read Cycle Time 

40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

- 

mm 

*AA 

Address Access Time 

- 

40 


45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

129 

*ACS 

Chip Select Access Time 

- 

40 


45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 


tcLZ1.2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 


5 

- 

5 

- 

5 

- 

5 

- 

ns 

*0E 

Output Enable to Output Valid 

- 

25 

- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

60 

ns 

toLZ^* 

Output Enable to Output in Low Z 

5 

-| 

5 

: - 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■a 

IcHZ (1) 

Chip Select to Output in High Z 

- 

20 

- ii 

20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

ns 1 

loHZ (1) 

Output Disable to Output in High Z 

- 

20 

- 

20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 


*0H 

Output Hold from Address Change 

3 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■a 

tpg(1) 

Chip Select to Power Up Time 

0 

H 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns | 

tpD* 1 * 

Chip Deselect to Power Down Time 

- 

40 


45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

■a 

WRITE CYCLE | 

l wc 

Write Cycle Time 

40 


45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

- 

■a 

*cw 

Chip Selection to End of Write 

35 ?: 

40 

- 

45 

- 

55 

- 

65 

- 

75 


90 

- 


*AW 

Address Valid to End of Write 

35 

- 

40 

- 

45 

- 

55 

- 

65 

- 

75 

- 

90 

- 

ns | 

*AS 

Address Set-up Time 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

■a 

*WP 

Write Pulse Width 

30 


35 

- 

40 

- 

50 

- 

60 

- 

70 


80 

- 

ns | 

*WR 

Write Recovery Time 

5 


5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

10 

- 

■a 

*WHZ (1 > 

Write Enable to Output in High Z 


15 

- 

15 


20 

- 

25 

- 

30 

- 

35 

- 

40 

ns | 

*DW 

Data to Write Time Overlap 

15 

v.-;: 

20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

- 

■a 

*dh 

Data Hold from Write Time 

3 


5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tow* 1 * 

Output Active from End of Write 

5 

:: - 

5 

- 


- 

5 

- 

5 

- 

5 


5 

- 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 
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IDT8M624S/IDT8M612S 1024K (64K x 16-BIT) & 
512K (32Kx 16-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 (1) 



TIMING WAVEFORM OF READ CYCLE NO. 2 <1A4) 



*• *RC ► 


ADDRESS ^ 

( ; 

C . 


L. t.. 



— AA 

t u fcl 


t ^1 




DATA 0UT PREVIOUS DATA VALID ^ 

(XXX) 

( DATA VALID y 

c 






TIMING WAVEFORM OF READ CYCLE NO. 3 <1,3,4) 


UB. LB & CS 


DATAqut 


NOTES: 



1 . WE is High for Read Cycle. _ 

2. Device is continuously selected, CS = Wand UB, LB = V| L for 16 output active. 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V, L 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT8M624S/IDT8M612S 1024K (64Kx 16-BIT) & 
512K (32 K x 16-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1 ' 2 ’ 3> 5) 


ADDRESS 


C5 




X 






WE 


DATA IN 


X 


C 


X 


y 


13 


NOTES: 

1. WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (twp) of a low CS and a low WE. 

3. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During aWE controlled write cycle, write pulse (t WP ) >t WHZ +tQ W ) to allow the I/O drivers to turn off and data to be placed on the bus for the required t DW . If 
OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 
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IDT8M624S/IDT8M612S 1024K (64Kx 16-BIT) & 
512K (32 K x 16-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

m 

m 

m 

m 

Eai 

OUTPUT 

POWER 

Standby 

D 

a 

a 

a 

B 

High Z 

Standby 

Standby 

D 

D 

D 

□ 

B 

High Z 

Standby 

Read 

L 

L 

L 

L 

H 

D OUT 1-16 

Active 

Lower Byte Read 

L 

H 

L 

L 

H 

D OUT 1-8 

Active (X8) 

Upper Byte Read 

L 

L 

H 

L 

H 

D OUT 9-16 

Active (X8) 

Read 

L 

L 

L 

H 

H 

High Z 

Active 

Lower Byte Read 

L 

H 

L 

H 

H 

High Z 

Active (X8) 

Upper Byte Read 

L 

L 

H 

H 

H 

High Z 

Active (X8) 

Write 

L 

L 

L 

X 

L 

D|N 1-18 

Active 

Lower Byte Write 

L 

H 

L 

X 

L 

Din i-8 

Active (X8) 

Upper Byte Write 

L 

L 

H 

X 

L 

D IN 9-18 

Active (X8) 


CAPACITANCE(T a = +25° c, f = 1.0MHz) 


SYMBOL 

PARAMETERS 

CONDITIONS 

TYP. 

UNIT 

C|N 

Input Capacitance 

§ 

II 

z 

> 

35 

PF 


Output Capacitance 

! Vqut= 0V i 

40 

PF 


NOTE: 


1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 


IDT 


XXXX 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

B 


Commercial (0°C to +70°C) 

Military (55°C to +125°C) 

Semiconductor Components Compliant to 
the latest revision of MIL-STD-883, Class B 


> Speed in Nanoseconds 


C 

Sidebraze DIP 

40 

Commercial Only 

45 

Commercial Only 

50 

Commercial Only 

60 


70 


85 

Military Only 

100 

Military Only 

S 

Standard Power 

8M624 

64Kx 16-Bit 

8M612 

32Kx 16-Bit 
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256K (16Kx 16-BIT) & 
128K(8Kx 16-BIT) 

CMOS STATIC RAM MODULE 


IDT8M656S 

IDT8M628S 


FEATURES: 

• High-density 256K/128K-bit CMOS static RAM modules 

• 16K x 16 organization (IDT8M656) with 8K x 16 option 
(IDT8M628) 

• Upper byte (I/O9-10) and lower byte (I/0 1 -s) separated control 

— Flexibility in application 

• Equivalent to JEDEC standard for future monolithic 
16K x 16/8K x 16 static RAMs 

• High-speed 

— Military: 50ns (max.) 

— Commercial : 40ns (max.) 

• Low power consumption: typically less than 825mW 
operating (IDT8M656), less than 40mW in standby 

• Utilizes IDT7164S— high-performance 64K static RAMs 
produced with advanced CEMOS ™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in the JEDEC standard 40-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 
tures for all AC and DC parameters 


DESCRIPTION: 

The IDT8M656S/IDT8M628S are 256K/128K-bit high-speed 
CMOS static RAMs constructed on a multi-layered ceramic sub- 
strate using four IDT7164 8K x 8 static RAMs (IDT8M656S) or two 
IDT7164 static RAMs (IDT8M628S) in leadless chip carriers. 

Functional equivalence to proposed monolithic static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address A13 to s_elect one of the two 8K x 16 RAMs as 
the by- 16 output and using LB and UB as two extra chip select 
functions for lower byte (I/O i-e) and upper byte (l/Oa-ie) control, 
respectively. (On the IDT8M628S 8K x 16 option, A13 needs to be 
externally grounded for proper operation.) Extremely high speeds 
are achievable by the use of IDT7164S fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. This state-of- 
the-art technology, combined with innovative circuit design tech- 
niques, provides the fastest 256K/128K static RAMs available. 

The I DT8M656S/I DT8M628S are available with access times as 
fast as 40ns over the commercial temperature range, with maxi- 
mum operating power consumption of only 1.98W (IDT8M656S 
16K x 16 option). The module also offers a full standby mode of 
440mW (max.). 

The IDT8M656S/IDT8M628S are offered in a high-density 
40-pin, 600 mil center sidebraze DIP to take full advantage of the 
compact IDT7164S in leadless chip carriers. 

All inputs and outputs of the IDT8M656S/IDT8M628S are TTL- 
compatible and operate from a single 5V supply. (NOTE: Both Vcc 
pins need to be connected to the 5V supply and both GND pins 
need to be grounded for proper operation.) Fully asynchronous 
circuitry is used, requiring no clocks or refreshing for operation, 
and providing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 




CEMOS is a trademark of Integrated Device Technology, Inc. 
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IDT8M656S/IDT8M628S CMOS STATIC RAM 
MODULE 256K (16K x 16-BIT) & 128K (8K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


1 

' ' 40 

□ 

2 

39 

□ 

3 

38 

□ 

4 

37 

□ 

5 

36 

□ 

6 

35 

□ 

7 

34 

□ 

8 

33 

□ 

9 

32 

□ 

10 

M3 (,) 31 

□ 

11 

30 

□ 

12 

29 

□ 

13 

28 

□ 

14 

27 

□ 

15 

26 

□ 

18 

25 

□ 

17 

24 

□ 

18 

23 

□ 

19 

22 

□ 

20 

21 

□ 


\l3<2> 

'l2 

'll 

'10 

'9 

3ND* 1 * 

'8 

'7 


DIP 

TOP VIEW 


1. For module dimensions, please refer to module drawing M3 in the 
packaging section. 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 


V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

n 

m 

Operating 

Temperature 

0 to +70 

-55 to +>125 

°c 

EH 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

ES 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

birr 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


PIN NAMES 


A 0—1 3 

Addresses 

l/Oi-ie 

Data Input/Output 

CS 

Chip Select 

Vcc 

Power 

WE 

Write Enable 

OE 

Output Enable 

GND 

Ground 

UB 

Upper Byte Control 

LB 

Lower Byte Control 


NOTES: 

1 . Both V cc pins need to be connected to the 5V supply and both GND 
pins need to be grounded for proper operation. 

2. On IDT8M628S, 1 28K (8Kx 1 6- Bit) option, A 13 (pin 35) is required exter- 
nal grounding for proper operation. 

RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V ,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,l 

Input Low Voltage 

-0.5 1 1 ) 

- 

0.8 

V 


NOTE: 

1. V |L (min.) = -3.0V for pulse width less than 20ns. 

RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to 125°C 

OV 

5.0V + 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 
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IDT8M656S/IDT8M628S CMOS STATIC RAM 
MODULE 256K(16Kx 16-BIT) & 128K (8K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V ±10%,Vcc (Min.) = 4.5V, V cc (Max.) = 5.5V, V LC = 0.2V.V H c =Vcc = - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT8M656S 
MIN. TYP.W MAX. 

IDT8M628S 

MIN. TYP.WMAX. 

UNIT 

n u i 

Input Leakage Current 

Vcc = Max.; V IN = GND toV cc 

- 

- 

15 

- 

- 

15 

pA 

MM 

Output Leakage Current 

v cc = Max. 

CS =V| H .V 0 ur = GND toVcc 

- 

- 

15 

- 

- 

15 

pA 

*CCX16 

Operating Current In XI 6 Mode 

CS, 01 & LB = V IL 
^cc = Max., Output Open 
f = fMAX 

- 

165 

360 

- 

160 

320 

mA 

*CCX8 

Operating Current In X8 Mode 

cs =V| L Tub oFTb =v, l 

Vcc= Max., Output Open 
f = ^MAX 

- 

100 

220 

- 

82 

180 

mA 

*SB& 

*SB1 

Standby Power Supply Current 

CS > V| H or 

UB > V 1H and LB > V 1H 
v cc= Max. 

Output Open 

- 

8 

80 (2) 

B 

B 

40(2) 

mA 

Mdl 

Output Low Voltage 

l 0L = 8mA, Vcc = Min. 

- 

- 

0.4 

- 

- 

0.4 

V 

V OH 

Output High Voltage 

i oh= -4mA, Vcc = Min. 

2.4 

- 

- 

2.4 

- 

- 

V 


NOTE: 

1. Vcc= 5V,T A =+25°C 

2. I SB and l SB1 of IDT8M656S/IDT8M628S at commercial temperature = 60mA/30mA. 
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I DT8 M 656S/I DT8 M 628S CMOS STATIC RAM 
MODULE 256K (16Kx 16-BIT) & 128K (8Kx 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA our ■ 


2550 


4800 
y 30pF 


5V 


DATA out • 


2550 


4800 
T 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for t C L 21 , 2 .toLZ^CHZ 1 , 2 'toHZ> 
tow l WHz) 

‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5 V±io%.t a = 0 6 cto+70°C) 


SYMBOL 

PARAMETER 

IDT8M656S40 
IDT8M628S40 
MIN. MAX 

IDT8M656S50 
IDT8M628S50 
MIN. MAX 

IDT8M656S70 
IDT8M628S70 
MIN. MAX. 

IDT8M628S85 
IDT8M656S85 
MIN. MAX. 

UNIT 

1 

'rC 

Read Cycle Time 

40 

- 

50 

- 

70 

- 

85 

- 

ns 

*AA 

Address Access Time 

- 

40 

- 

50 

- 

70 

- 

85 

ns 

'aCS 

Chip Select Access Time 

- 

40 

- 

50 

- 

70 

- 

85 

ns 

*CLZ1,2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

'oE 

Output Enable to Output Valid 

- 

25 

- 

30 

- 

40 

- 

50 

ns 

'oLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

HK15EH 

Chip Select to Output in High Z 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

W 1 ' 

Output Disable to Output in High Z 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

'oh 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W'> 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

W 1 * 

Chip Deselect to Power Down Time 

- 

40 

- 

50 

- 

70 

- 

85 

ns 

1 

*wc 

Write Cycle Time 

40 

- 

50 

- 

70 

- 

85 

- 

ns 

'cw 

Chip Selection to End of Write 

35 

- 

45 

- 

65 

- 

75 

- 

ns 

'aw 

Address Valid to End of Write 

35 

- 

45 

- 

65 

- 

75 

- 

ns 

'as 

Address Set-up Time 

5 

- 

5 

- 

10 

- 

10 

- 

ns 

'wp 

Write Pulse Width 

30 

- 

40 

- 

55 

- 

65 

- 

ns 

'wR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 

10 

ns 

‘wHZ<’> 

Write Enable to Output in High Z 

- 

15 

- 

20 

- 

30 

- 

35 

ns 

f 

l DW 

Data to Write Time Overlap 

15 

_ 

20 

- 

30 

- 

35 

— 

ns 

'dh 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W 1 ' 

Output Active from End of Write 

5 

- 

5 

- 

5 


5 

- 

ns 


NOTE: 

1 . This parameter guaranteed but not tested. 
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IDT8M656S/IDT8M628S CMOS STATIC RAM 

MODULE 256K (16Kx 16-BIT) & 128K (8Kx 16-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc= 5 V±io%,t a = -55°cto+i25°c) 


SYMBOL 

PARAMETER 

IDT8M656S50 

IDT8M628S50 

MIN. MAX. 

IDT8M656S60 
IDT8M628S60 
MIN. MAX 

IDT8M656S70 
IDT8M628S70 
MIN. MAX. 

IDT8M656S85 
IDT8M628S85 
MIN. MAX. 

UNIT 

READ CYCLE | 

*RC 

Read Cycle Time 

50 

- 

60 

- 

70 

- 

85 

- 

ns 

*AA 

Address Access Time 

- 

50 

- 

60 

- 

70 


85 

ns 

*ACS 

Chip Select Access Time 

- 

50 

- 

60 

- 

70 

- 

85 

ns 

l CLZ1.2 (1) 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

*OE 

Output Enable to Output Valid 

- 

30 

- 

35 

- 

40 

- 

50 

ns 

W” 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

W” 

Chip Select to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

mu 

Output Disable to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

ns 

*OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tpud) 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

'pD* 1 ) 

Chip Deselect to Power Down Time 

- 

50 

- 

60 

- 

70 

- 

85 

ns 

[ WRITE CYCLE 

*wc 

Write Cycle Time 

50 

- 

60 

- 

70 

- 

85 

- 

ns 

l cw 

Chip Selection to End of Write 

45 

- 

55 

- 

65 

_ 

75 

- 

ns 

l AW 

Address Valid to End of Write 

45 

- 

55 

- 

65 

- 

75 

- 

ns 

*AS 

Address Set-up Time 

5 

- 

10 

- 

10 

- 

10 

_ 

ns 

l WP 

Write Pulse Width 

40 

- 

45 

- 

55 

- 

65 

- 

ns 

l WR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 

10 

- 

ns 

W 1 * 

Write Enable to Output in High Z 

- 

20 

- 

20 

- 

25 

- 

30 

ns 

{ DW 

Data to Write Time Overlap 

20 


25 

- 

30 

- 

35 

- 

ns 

l DH 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 


ns 

»ow (1 > 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 

ns 


NOTE: 

1. This parameter guaranteed but not tested. 
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IDT8M656S/IDT8M628S CMOS STATIC RAM 
MODULE 256K (16K X 16-BIT) & 128K {8K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



TIMING WAVEFORM OF READ CYCLE NO. 3 <1>3>4) 



NOTES: 

1. WE is High for Read Cycle. __ _ 

2. Device is continuously selected, CS = Vl and UB, LB = V !L for 16 output active. 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V IL 

5. Transition is measured ± 200mV from steady state. This parameter is sampled and not 100% tested. 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) <1,2,3, 71 
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IDT8M656S/IDT8M628S CMOS STATIC RAM 
MODULE 256K (16K x 16-BIT) & 128K (8K x 16-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 (£5 CONTROLLED TIMING) (1,2 3,5) 



"* l wc ■“ 


ADDRESS ^ 

< > 

< 






‘AW 

£5 

\ 

\ / 

*WR 



* ‘as *“ 

■ l cw * 


WE 


DATA,, 


\ 


< 


X 


NOTES: 

1. WE or US must be high during all address transitions. 

2. A write occurs during the overlap (t WF ) of a low £3 and a low WE. 

3. t WR is measured from the earlier of £5 or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the £3 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse > t WH? + to W ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt Dw . If 

£E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified t WP . 


TRUTH TABLE 


MODE 



m 

m 

m 

OUTPUT 

POWER 

Standby 

D 

B 

a 

B 

B 

High Z 

Standby 

Standby 

D 

D 

D 

B 

B 

High Z 

Standby 

Read 

D 

D 

m 

B 

D 

data 0UTi _ 16 

Active 

Lower Byte Read 

D 

D 

D 

B 

B 

DATA out 

Active (X8) 

Upper Byte Read 

D 

D 

D 

B 

B 

DATAoirrg-ie 

Active (X8) 

Read 

D 

D 

n 

D 

D 

High Z 

Active 

Lower Byte Read 

D 

m 

a 

D 

D 

High Z 

Active (X8) 

Upper Byte Read 

a 

a 

D 

D 

D 

High Z 

Active (X8) 

Write 

a 

D 

D 

a 

a 

DATA in ,.,0 

Active 

Lower Byte Write 

a 

D 

D 

B 

a 

DATA in V8 

Active (X8) 

Upper Byte Write 

D 

D 

B 

B 

B 

DATA iNg_,e 

Active (X8) 


CAPACITANCE(T a = +25° c, f = 1.0MHz) 


SYMBOL 

PARAMETER M 

| CONDITIONS 

TYP. 

UNIT 

^IN 

Input Capacitance 

§ 

II 

z 

> 

35 

PF 

■39 

Output Capacitance 

i ^0UT= OV j 

40 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 















































IDT8M656S/IDT8M628S CMOS STATIC RAM 

MODULE 256K (1 6K x 16-BIT) & 128K(8Kx 16-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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1 MEGABIT (128Kx 8-BIT) 
CMOS STATIC RAM MODULE 


IDT8M824S 


Integrated Device Technology. Inc. 


FEATURES: 

• High-density 1024K(128Kx 8) CMOS static RAM module 

• Equivalent to JEDEC standard for future monolithic 128K x 8 
static RAMs 

• High-speed 

- Military: 60ns (max.) 

— Commercial: 40ns (max.) 

• Low power consumption 

— Active: less than 550mW (typ.) 

- Standby: less than 20mW (typ.) 

• CEMOS ™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder 
reflow process 

• Offered in the JEDEC standard 32-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compli- 
ant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold tempera- 
tures for all AC and DC parameters 


DESCRIPTION: 

The IDT8M824S is a1024K (131,072 x 8-bit) high-speed static 
RAM constructed on a co-fired ceramic substrate using four 
1DT71256 32K x 8 static RAMs in leadless chip carriers. Functional 
equivalence to proposed monolithic one megabit static RAMs is 
achieved by utilization of an on-board decoder that interprets the 
higher order address A15 and Aie to select one of the four 32K x 8 
RAMs. Extremely fast speeds can be achieved with this technique 
due to use of 256K static RAMs and the decoder fabricated in IDT’s 
high-performance, high-reliability CEMOS technology. 

The IDT8M824S is available with maximum access times as fast 
as 40ns for commercial temperature range, with maximum power 
consumption of 1 .2 watts. The module offers a full standby mode of 
440mW (max.). 

The IDT8M824S is offered in a 32-pin, 600 mil center sidebraze 
DIP, adhering to JEDEC standards for one megabit monolithic 
pinouts, allowing for compatibility with future monolithics. 

Ail inputs and outputs of the IDT8M824S are TTL-compatible 
and operate from a single 5V supply. Fully asynchronous circuitry 
is used, requiring no clocks or refreshing for operation, and provid- 
ing equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance to the latest revision of MIL-STD-883, Class 
B, making them ideally suited to applications demanding the high- 
est level of performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


Aie 

a 14 

A 12 

A 7 

a 6 

A5 

a 4 

a 3 

a 2 

A 1 

A 0 

l/O.M 


I/O. 

I/O 
GNDp 


C 

3 P 


1 

32 

2 

31 

3 

30 

4 

29 

5 

28 

6 

27 

7 

26 

8 

9 


10 

23 

11 

22 

12 

21 

1 3 

20 

14 

19 

15 

18 

16 

17 


pVcc 


DIP 

TOP VIEW 



1. For module dimensions, please refer to module 
drawing M2 in the packaging section. 

PIN NAMES 


A 0-16 

Addresses 

l/0(>-8 

tt- ■lff l| iVl l rl l iWWff 

CS 

Chip Select 

v cc 

Power 


WE 

Write Enable 

OE 

Output Enable 

GND 

Ground 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


© 1987 Integrated Device Technology, Inc. 
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IDT8M824S 1 MEGABIT 

(128K x 8-BIT) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED DC OPERATING CONDITIONS 

ABSOLUTE MAXIMUM RATINGS (1) 


NOTE: 

1. V !L (min.) = -3.0V for pulse width less than 20ns. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


NOTE: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS 

Vqc — 5.0V ±10%. V cc (Min.) = 4.5 V. Vqc (Max.) = 5.5V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT8M824S 
MIN. TYP. (1) 

MAX. 

UNIT 

ig 

Input Leakage Current 

Vcc = Max.;V, N = GND to Vcc 

- 

15 

|iA 

I'loI 

Output Leakage Current 

Vcc = Max. 

CS =V tH .V 0 uT= GND to Vcc 

- 

15 

|1A 

'cci 

Operating Power Supply Current 

CS=V IU 

Vcc - Max., Output Open 
f = 0 

- 60 

160 

mA 

•cC2 

Dynamic Operating Current 

cs=y L 

Vcc = Max., Output Open 

1 = *MAX 

- 110 

210 

mA 

’sB& 

’SBI 

Standby Power Supply Current 

csav 1H 

v cc = Max. 

Output Open 

- 4 

80 (2) 

mA 

V 0L 

Output Low Voltage 

Iol = 8mA, Vqc = Min. 

— - 

0.4 

V 

V 0H 

Output High Voltage 

I 0 h = -4mA, Vqq= Min. 

2.4 - 

- 

V 


NOTES: 

1. V cc = 5V,T a =+25°C 

2. I S B and l SB1 of IDT8M824S at commercial temperature = 60mA. 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55°C to +125°C 

OV 

5.0V +10% 

Commercial 

0°C to +70°C 

ov 

5.0V ±10% 


Lii'ii'iLHl 

RATING 

COMMERCIAL 

MILITARY 

■M3 

g 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

m 

| 'out 

DC Output Current 

50 

50 

mA 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 

5.0 

5.5 

mm 

GND 

Supply Voltage 

0 

0 

0 

am 

V|H 

input High Voltage 

2.2 

- 

6.0 


V|L 

input Low Voltage 

-O.SO) 

- 

0.8 















































































IDT8M824S 1 MEGABIT 

(128K x 8-BIT) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 



Figure 1 . Output Load Figure 2. Output Load 

(for tcLZ1.2'foLZ'^CHZ1.2 'toHZ. 

foW-fwHz) 

‘Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (Vcc= 5 v ±io%,t a = o°cto +70°cand-55°cto +i25°C) 


SYMBOL 

PARAMETERS 

8M824S40 
(COM'L ONLY) 

MIN. MAX. 

8M824S45 
(COM’L. ONLY) 

MIN. MAX. 

8M824S50 

(COM’L ONLY) 

MIN. MAX. 

8M824S60 

MIN. MAX. 

8M824S70 

MIN. MAX. 

8M824S85 
( MIL ONLY) 

MIN. MAX. 

8M824S100 

(MIL ONLY) 

MIN. MAX. 

UNIT 

| READ CYCLE | 

*RC 

Read Cycle Time 

40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

- 


*AA 

Address Access Time 

- 1 

5; ,40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 


*ACS 

Chip Select Access Time 

- ^ 

•••40 

- 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 


mss 

Chip Select to Output in Low Z 

5 $ 

i|*#j 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


*OE 

Output Enable to Output Valid 

_ 1 


- 

25 

- 

30 

- 

35 

- 

40 

- 

50 

- 

60 


^OLZ* 11 

Output Enable to Output in Low Z 

5 •* 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

u 

'CHZ* 1 ’ 

Chip Select to Output in High Z 

20* 

- 

20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 


1— 

Output Disable to Output in High Z 

- * 

t|2P 

- 

20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 


mm 

Output Hold from Address Change 

3 z 


5 

- 

5 

- 

5 

• - 

5 

- 

5 

- 

5 

- 

mm 

W’> 

Chip Select to Power Up Time 

o ;;; v ' 

rn“ V 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

MM 

tpoO) 

Chip Deselect to Power Down Time 

_i| 

||q" 

- 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 


| WRITE CYCLE | 

*wc 

Write Cycle Time 

1 4( >l5ll» 1 

45 

- 

50 

- 

60 

- 

70 

- 

85 

- 

100 

- 

91 

*cw 

Chip Selection to End of Write 

35 

fl 

40 

- 

45 

- 

55 

- 

65 

- 

75 

- 

90 

- 


*AW 

Address Valid to End of Write 

35** 


40 

- 

45 

- 

55 

- 

65 

- 

75 

- 

90 

- 


l AS 

Address Set-up Time 

s|y 

u 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


*WP 

Write Pulse Width 

30 .. ~ 

35 

- 

40 

- 

50 

- 

60 

- 

70 

- 

80 

- 


l WR 

Write Recovery Time 

5 « 

5 

- 

5 

- 

5 

- 

5 

- 

10 

- 

10 

- 


W 1 * 

Write Enable to Output in High Z 

1:0 

| 15 

- 

15 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 


*DW 

Data to Write Time Overlap 

15 : 


20 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

- 

u 

*DH 

Data Hold from Write Time 

3 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


W 1 ' 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 



NOTE: 


1. This parameter guaranteed but not tested. 
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IDT8M824S 1 MEGABIT 

(128K x 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 (,) 



TIMING WAVEFORM OF READ CYCLE NO. 2 <1,2,4> 



M t RC k> 


ADDRESS ^ 

(_ } 

( 


1— t.. .J 



^ AA 

t u 


^ t 



r* oh 

DATAour PREVIOUS DATA VALID y 

(XXX) 

( DATA VALID y 

L 






TIMING WAVEFORM OF READ CYCLE NO. 3 (1 ’ 3>4) 


CS ^ 

X / 

l 

L t.. 


*CHZ 

^ ACS 

r* ^clz — H 


data 


( ) 



NOTES: 

1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vjl_. 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V IU 

5. Transition is measured +200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT8M824S 1 MEGABIT 

(128Kx 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (We CONTROLLED TIMING) <1,2 * 3,7) 


ADDRESS 

£E 

£3 

WE 


DATA 0UT 

DATA, n 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1>2 S ' 51 


ADDRESS 


£3 


WE 

DATA| N 


X 


X 




X 


\ 



NOTES: 

1 . WE or £3 must be high during all address transitions. 

2. A write occurs during the overlap (twr) of a low £5 and a low WE. 

3. t^is measured from the earlier of £5 or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the £3 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (tyyp) > t^z + tQ W ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
£E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified tyyp . 


IDT8M824S 1 MEGABIT 

(128KX 8-BIT) CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 


Standby 


Read 


Read 

Write — 


CAPACITANCE (t a = + 25 °c.f = i.omhz) 



PARAMETER (1) 

CONDITIONS 

TYP. 

UNIT 

Input Capacitance 

v, N =ov 

35 

pF 

Output Capacitance 

V(XJT = 0V 

40 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


ORDERING INFORMATION 


XXXX A 999 

Device Type Power Speed 


A A 

Package Process/ 

| Temperature 

Range 


BLANK Commercial (0°Cto +70°C) 

B Military (-55°C to + 125°C) 

Semiconductor Components Compliant to 
MIL-STD-883. Class B 

C Sidebraze DIP 


Commercial Only 
Commercial Only 
Commercial Only 


Military Only 
Military Only 


Speed in Nanoseconds 


Standard Power 


8M824 Megabit Static RAM Module 
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256K (32 K x 8-BIT) 

CMOS STATIC RAM MODULE 
(Low-Power Version) 


IDT8M856L 


FEATURES: 

• High-density 256K (32K x 8-bit) CMOS static RAM module 

• Equivalent to JEDEC standard for future monolithic 32K x 8 
static RAMs 

• High-speed— 45ns (max.) commercial; 55ns (max.) military 

• Low power consumption; typically less than 225mW operating, 
less than 500pW in full standby 

• Utilizes IDT7164s— high-performance 64K static RAMs 
produced with advanced CEM OS™ technology 

• CEMOS process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Pin-compatible with IDT7M864 (8K x 8 SRAM module) 

• Offered in the JEDEC standard 28-pin, 600 mil wide ceramic 
sidebraze DIP 

• Single 5V ( ±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Modules available with semiconductor components compliant 
to MtL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold temperatures 
for all AC and DC parameters 


DESCRIPTION: 

The IDT8M856 is a 256K (32,768 x 8-bit) high-speed static RAM 
constructed on a co-fired ceramic substrate using four IDT7164 
(8,192 x 8) static RAMs in leadless chip carriers. Functional equiva- 
lence to proposed monolithic 256K static RAMs is achieved by 
utilization of an on-board decoder circuit that interprets the higher 
order address A13 and A14 to select one of the four 8K x 8 RAMs. 
Extremely fast speeds can be achieved with this technique due to 
use of 64K static RAMs and the decoder fabricated in IDT’s high- 
performance, high-reliability CEMOS technology. 

The IDT8M856 is available with maximum access times as fast 
as 45ns for commercial and 55ns for military temperature ranges, 
with maximum power consumption of only 825mW. The circuit 
also offers a substantially low-power standby mode. When CS 
goes high, the circuit will automatically go to a standby mode with 
power consumption of only 83mW (max.). 

The IDT8M856 is offered in a 28-pin, 600 mil center sidebraze 
DIP. This provides four times the density of the IDT7M864 (8K x 8 
module) in the same socket, with only minor pin assignment 
changes. In addition, the JEDEC standard for 256K monolithic 
pinouts has been adhered to, allowing for compatibility with 256K 
monolithics. 

All inputs and outputs of the IDT8M856 are TTL-compatible and 
operate from a single 5V supply. Fully asynchronous circuitry is 
used, requiring no clocks or refreshing for operation, and providing 
equal access and cycle times for ease of use. 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 




PIN NAMES 


NOTE: 

* For module dimensions, please refer to module 
drawing Ml in the packaging section. 

CEMOS is a trademark of Integrated Device Technology, Inc. 


< 

1 

O 

< 

Addresses 

We 

Write Enable 

l/Oi - I/Os 

Data Input/Output 

0e 

Output Enable 

CS 

Chip Select 

GND 

Ground 

Vcc 

Power 




MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


ABSOLUTE MAXIMUM RATINGS 0 ’ 


□33HH3 

RATING 

COMMERCIAL 

MILITARY 

■mm 


Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

B 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

HI 

t bias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

•c 

t stq 

Storage 

Temperature 

-55 to + 125 

-65 to +150 

°c 

bur 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Supply Voltage 

mm 


5.5 

KX 

GND 

Supply Voltage 

0 


0 


. V tH 

Input High Voltage 

2.2 

- 

6.0 


Mi 

Input Low Voltage 

-0.5(’) 


0.8 



NOTE: 

1. V !L (min.) = -3.0V for pulse width less than 20ns. 


DC ELECTRICAL CHARACTERISTICS (V be = 5.ov +io%. t a = -55°c to + i25°c and o°c to +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. (1) 

COM’L 

MAX. 

MIL 

MAX. 

UNIT 

IBM i 

Input Leakage Current 

Vfc c = 5.5V. V IN - OVtoVcc 

- 

- 

5 

10 

pA 

I'loI 

Output Leakage Current 

Vfcc = 5.5V. CS = V, H> V 0UT = OVtoVcc 

- 

- 

5 

10 

pA 

•cci 

Operating Power Supply Current 

Vcc = 5.5V, SS = V (L , Output Open, f = 0 

- 

45 

90 

100 

mA 

•cC2 

Dynamic Operating Current 

— 5.5V, OS — Vjl, Output Open, f — 

' - 

70 

140 

150 

mA 

IsB 

Standby Power Supply Current 

CS > V IH (TTL Level), Vcc = 5.5V. Output Open 

- 

2.5 

15 

20 

mA 

m 

Full Standby Power Supply Current 

C3 > \^c - 0.2V (CMOS Level) 
v in - \fcc -0.2V or < 0.2V 

- 

0.1 

1 

□ 

mA 

m 

Output Low Voltage 

l 0L = 10mA, Vcc = 4 - 5V 
l 0L = 8mA. Vcc = 4 - 5V 

- 

- 

0.5 

0.4 

n 

B 

WBM 

Output High Voltage 

Ion = -4m A. Vcc - 4 -5V 

2.4 

- 

- 

- 

mm 


NOTE: 

1. Vqq = 5V.T a = +25°C 
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IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA RETENTION CHARACTERISTICS (t a = -55°cto +i25°Cando <> Cto +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. (1) 

COM’L 

MAX. 

MIL 

MAX. 

UNIT 

KM 

Vcc for Retention Data 

- 

2.0 

- 

- ■ 

- 

n 

mm 

Data Retention Current 


| 

- 

1000 (2) 

1500 (3) 

4000 (2) 

6000 (3) 




CS>Vcc -0.2V 


_ 

tcDR 

Chip Deselect to Data Retention Time 

Vin < Vcc -0.2V or > 0.2V 

0 

- 

- 

- 

ns 

1r 

Operation Recovery Time 


<RC < 4 ) 

- 

- 


■a 


NOTES: 


1. T a = +25°C 

2. @Vcc = 2V 

3. @Vcc = 3V 

4. tRc = Read Cycle Time 


LOW V cc DATA RETENTION WAVEFORM 



AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAqut ■ 


2550 < 


4800 
f 30pF* 


5V 


DATA out 


2550; 


4800 
T 5pF* 



Figure 1. Output Load 


Figure 2. Output Load 
(for t HZ ,tLz,twz, ar, dt ow ) 


Including scope and jig. 



























IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±io%,t a = o°cto +70«C) 


SYMBOL 

PARAMETER 

IDT8M856L45 
MIN. MAX. 

IDT8M856L50 
MIN. MAX. 

IDT8M856L60 
MIN. MAX. 

IDT8M856L70 
MIN. MAX. 

IDT8M856L85 
MIN. MAX. 

UNIT 

READ CYCLE 



Read Cycle Time 45 

50 

60 

70 

- 

Address Access Time - 

45 

50 

60 

70 

Chip Select Access Time — 

45 

50 

55 

65 

Chip Select to Output in Low Z 5 

5 

5 

5 

- 

Output Enable to Output Valid 

25 

35 

40 

45 

Output Enable to Output in Low Z 5 

5 

5 

5 

- 

Chip Select to Output in High Z 

20 

20 

20 

25 

Output Disable to Output in High Z — 

20 

20 

20 

25 

Output Hold from Address Change 5 

5 

5 

5 

- 

Chip Select to Power Up Time 0 

0 

0 

0 

- 

Chip Deselect to Power Down Time — 

45 

50 

60 

70 


85 

| ns 

85 



- 

85 

5 

- 

- 

55 

5 

- 


30 

30 


5 


WRITE CYCLE 


twc 

Write Cycle Time 

45 

- 

50 

- 

60 

- 

70 

- 

tew 

Chip Select to End of Write 

40 

- 

45 

- 

50 

- 

60 

- 

tAW 

Address Valid to End of Write 

40 

- 

45 

- 

50 

- 

60 

- 

t A S 

Address Set-up Time 

5 

- 

5 

- 

10 

- 

10 

- 

twp 

Write Pulse Width 

35 

- 

35 

- 

40 

- 

45 

- 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

tWHZ 

Write Enable to Output High Z 

- 

20 

- 

20 

- 

25 

- 

30 

W 

Data to Write Time Overlap 

20 

- 

20 

- 

25 

- 

30 

_ 

tDH 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 

- 

tow 

Output Active from End of Write 

5 

- 

5 

- 

5 

- 

5 

- 


85 - ns 


70 

70 

F? 

50 



40 


5 


5 



























































































































































IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±io%,t a = -55°cto +i25°C) 


SYMBOL 

PARAMETER 

IDT8M856L55 
MIN. MAX. 

IDT8M856L65 
MIN. MAX. 

IDT8M856L75 
MIN. MAX. 

IDT8M856L90 
MIN. MAX. 


UNIT 

READ CYCLE 

Irc 

Read Cycle Time 

55 

- 

65 

- 

75 

- 

90 

- 

100 

- 

IHB 

l AA 

Address Access Time 

- 

55 

- 

65 

- 

75 

- 

90 

- 

100 


*ACS 

Chip Select Access Time 

- 

55 

- 

55 

- 

65 

- 

80 

- 

90 

MM 

*CLZ 

Chip Select to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


l OE 

Output Enable to Output Valid 

- 

40 

- 

45 

- 

50 

- 

60 

- 

65 

wm 

*OLZ 

Output Enable to Output in Low Z 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 


l CHZ 

Chip Select to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

m 

t0HZ 

Output Disable to Output in High Z 

- 

20 

- 

25 

- 

30 

- 

35 

- 

40 

EB 

l OH 

Output Hold from Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

mm 

l PU 

Chip Select to Power Up Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

d 

*PO 

Chip Deselect to Power Down Time 

- 

55 

- 

65 

- 

75 

- 

90 

- 

100 

§B 

WRITE CYCLE 

twc 

Write Cycle Time 

55 

- 

65 

- 

75 

- 

90 

- 

100 

- 


*cw 

Chip Select to End of Write 

50 

- 

55 

- 

65 

- 

75 

- 

85 

- 


t A w 

Address Valid to End of Write 

50 

- 

55 

- 

65 

- 

75 

- 

85 

- 

E 

*AS 

Address Set-up Time 

5 

- 

10 

- 

10 

- 

15 

- 

15 

- 

E 

twp 

Write Pulse Width 

40 

- 

45 

- 

45 

- 

50 

- 

55 

- 

E 

*WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 


tWHZ 

Write Enable to Output High Z 

- 

25 

- 

30 

- 

40 

- 

50 

- 

50 

E 

*DW 

Data to Write Time Overlap 

25 

- 

30 

- 

35 

- 

45 

- 

45 

- 

E 

<DH 

Data Hold from Write Time 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ES 

tow 

Output Active from End of Write 

5 

5 

- 

5 

- 

5 

- 

5 

- 



























































































































































IDT8M856L 256K <32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF READ CYCLE NO. 1 m 



TIMING WAVEFORM OF READ CYCLE NO. 2 (1<2 ' 4) 



■* *RC ► 


ADDRESS J 

( ) 

( 




toH 

"" X AA m 

-1 1 *1 

^ ‘oh n 


DATA out PREVIOUS DATA VALID JfflC DATA VALID X 


TIMING WAVEFORM OF READ CYCLE NO. 3 (1 ' 3>4) 



NOTES: 

1. WE is High for Read Cycle. 

2. Device is continuously selected, C3 = V !L . 

3. Address valid prior to or coincident with C3 transition low. 

4. OE = \( u 

5. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 
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IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (1) 


ADDRESS ^ 

•* — twc ► 

( > 

( 


-H 

tWR® 


OE /// 7 

l 

v 

v\\\\ 



tew ► 


os V\\ 

vvw 

m z 

'V//7.7- 

TTT^ XAS 

* t AW *> 


t0HZ< 4 ' 9 > 

DATA~. rr \ \ \ ^ 

^ \ 1 

i ZZ/ ' " ' 

[• ► r* W (2) *■ 

: vv\\ 


77/7/7 7 7\ 

PATAuj 

* — t DW — * 

“* toH ft> 

/\/ 



vs 


TIMING WAVEFORM OF WRITE CYCLE NO. 2 <M> 



NOTES: 

1. WE or CS must be high during all address transitions. 

2. A write occurs during the overlap (t W p) of a low CS. 

3. t WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period. I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 

6. 51 is continuously low (OE = V| L ). 

7. DATAqut is the same phase of write data of this write cycle. 

8. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be 
applied to them. 

9. Transition is measured ±200mV from steady state. This parameter is sampled and not 100% tested. 




IDT8M856L 256K (32K x 8-BIT) 

CMOS STATIC RAM MODULE (Low-Power Version) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLE 


MODE 

CS 

OE 

WE 

OUTPUT 

POWER 

Standby 

H 

X 

X 

High Z 

Standby 

Read 

L 

L 

H 

Dout 

Active 

Read 

L 

H 

H 

High Z 

Active 

Write 

L 

X 

L 

Din 

Active 


CAPACITANCE (t a = +25 °c, t = i.omhz) 


SYMBOL 

PARAMETERS) 

CONDITIONS 

TYP. 

UNIT 

C IN 

Input Capacitance 

V IN = ov 

35 

pF 

CoUT 

Output Capacitance 

Vout= 0V 

26 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


Address Access Time vs. 
Capacitive Load 



0 50 100 

Capacitive Load (pF) 


ORDERING INFORMATION 


IDT 


XXXX 


A 999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


Blank 

B 


COM’L 

45 

50 

60 

70 

85 


8M856 


Commercial (0°C to +70°C) 

Military (-55°C to + 125°C) 
Semiconductor Components Compliant to 
MIL-STD-883, Class B 


Sidebraze DIP 


MIL ^ 
55 
65 
75 
90 
100 


Speed in Nanoseconds 


Low Power 


32Kx 8-Bit 
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FEATURES: 

• 8K x 112 high-performance Writable Control Store (WCS) 

• Serial Protocol Channel (SPC ™ ) - reading, writing and 
interrogation 

• High fanout pipeline register 

• Width expandable 

• Designed for high-speed writable control store applications 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Compact quad in-line module 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

DESCRIPTION: 

The IDT7MB6042 is an 8K x 112-bit Writable Control Store 
(WCS) RAM and pipeline register. It features fourteen 8K x 8 
IDT7164 high-performance static RAMs and fourteen 
IDT49FCT818 Serial Protocol Channel (SPC) registers. These de- 
vices are arranged to form the 8K x 1 12 Writable Control Store RAM 
with Serial Protocol Channel for loading of the memory. Each eight 


outputs of the RAM are connected to the D inputs of an 
IDT49FCT818 in the normal fashion. The device has the serial 
data-in and serial data-output bits connected to form a 1 12-bit Se- 
rial Protocol Channel register. The command/data (C/D) and Se- 
rial Shift Clock (SCLK) are all bus organized across the fourteen 
IDT49FCT818 registers. The 112 register output bits, 8 from each 
device, are separately brought out to form a 1 12-bit wide pipeline 
register on the Writable Control Store. 

In normal operation, data from the 112-bit wide memory is 
loaded into the IDT49FCT818 registers on the low-to-high transi- 
tion of PCLK. Reading and writing of the memory by means of the 
Serial Protocol Channel are performed using the protocol of the 
IDT49FCT818. (For details of this operation, please refer to the 
1DT49FCT818 data sheet.) The data to be loaded can be shifted in 
the serial data input by using the SCLK and a load command exe- 
cuted by shifting the proper command word in the serial data input 
when the C/D line is in the command mode. This command will 
then be executed by manipulating the C/D line and SCLK line in 
the desired fashion. Data is then written into the RAM by bringing 
the write enable line on the RAM memory from the high state to the 
low state and back to the high state. 

The IDT7MB6042 is offered as a compact, cost-effective plastic 
quad in-line module and occupies less than 9 square inches of 
board space. 



COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7MB6042 8K x 112 WRITABLE 
CONTROL STORE STATIC RAM MODULE 



COMMERCIAL TEMPERATURE RANGE 
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ADVANCE 

INFORMATION 

IDT7MP6025 



Integrated Device Technology. Inc. 


51 2K (64K x 8) 
SYNCHRONOUS STATIC 
RAM PLASTIC SIP MODULE 


FEATURES: 

• 64K x 8 fully synchronous memory 

• High-speed— 20MHz read cycle time 

• 16-bit synchronous address input 

• 8-bit synchronous data input 

• Synchronous chip select and write enable 

• Separate clock enable for each register 

• Low standby power . 

• Onboard decoupling capacitors 

• Available in 43-pin SIP (single in-line package) configuration 

• 2 Ground and 2 Vcc pins 

DESCRIPTION: 

The IDT7MP6025 is a 64K x 8 synchronous RAM with edge trig- 
gered registers on the address lines, data-in bus, data-out bus, 
chip select and write enable. The edge triggered register of the 16 
address lines features an independent clock enable that allows the 
address register to be selectively loaded. The address register will 
be loaded on the low-to-high transition of the clock when the clock 
enable line is low and will hold its current contents on the low-to- 
high transition of the clock when the clock enable is high. Similarly, 
the 8-bit data-in register will be loaded with new data on the low-to- 
high transition of the clock when the data-in clock enable is low 
and will hold its contents when the data-in clock enable is high. The 
data-out register will receive new data from the 64K x 8 RAM when 
the clock enable line is low and will hold its data when the clock 
enable line is high at the low-to-high transition of the clock. All 

FUNCTIONAL BLOCK DIAGRAM 


clock enables, as well as address and data inputs, must meet the 
appropriate set-up and hold times with respect to the clock. 

The eight data output bits are enabled when the output enable is 
low and are in the high-impedance state when the output enable is 
high. The chip select and write enable signals are also registered in 
D flip-flops. These two flip-flops are loaded with new data on each 
low-to-high transition of the clock. The chip select is passed di- 
rectly from the Q output of the D-type flip-flop to the 64K x 8 RAM. 
The write enable signal is gated with the clock signal to generate a 
delayed write enable pulse. In essence, this gives the output of the 
address register time to settle and internally select the appropriate 
byte of RAM before the write enable goes low to write new data into 
the RAM. Thus, the low-to-high transition of the clock causes the 
chip select and write enable flip-flops to be loaded with new data 
and immediately deselects a previous write by means of the clock 
going high. The data lines to the RAM and the address lines to the 
RAM may indeed change to new values based on the low-to-high 
transition of the clock. When the clock goes from high-to-low, if the 
chip select is low and the write enable is low, a write cycle is begun 
and the data at the RAM data inputs will be written into the selected 
address. If the write enable is high or the chip enable is high, data 
will not be written into the memory. 

One of the features of this configuration of memory that have 
registers on all of the address lines, data input lines and data output 
lines as well as the control lines, is to provide the highest possible 
clock rate in the system. All that is necessary is that the data, ad- 
dress, chip select, write enable and clock enables signals meet the 
required set-up and hold time with respect to the clock. In this 
manner, fully asynchronous operation is achieved. The 
IDT7MP6025 is offered as a compact, cost-effective 43-pin plastic 
SIP module. 


A 15 

L 

A-CLKEN 

WE 


CLOCK 

°i 7 

Dl 0 

DI-CLKEN 




UE 
DO 7 

DOn 


DO-CLKEN 


CEMOS is a trademark of Integrated Device Technology, Inc. 


COMMERCIAL TEMPERATURE RANGE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 


13-123 


DSC-7022/- 






IDT7MP6025 512K (64K x 8) SYNCHRONOUS 
STATIC RAM PLASTIC SIP MODULE 


COMMERCIAL TEMPERATURE RANGE 


PIN CONFIGURATION 


DO 0 



PIN NAMES 


Ao-15 

Addresses 

CK 

Clock 

Dlo-7 

Data Input 

DOo-7 

Data Output 

DI-CLKEN 

Data Input Clock Enable 

A-CLKEN 

Address Clock Enable 

DO-CLKEN 

Data Output Clock Enable 

Vcc 

Power 

GND 

Ground 

C5 

Chip Select 

WE 

Write Enable 

OE 

Output Enable 


SIP 

SIDE VIEW 


PACKAGE DIMENSIONS 



0.3G0 

MAX. 



0.630 

MAX. 


0.007 

0.013 


SIDE VIEW 


FRONT VIEW 




t 

t 

3 

3 


□ 

□ 

E 

■ 

■ 

mm 

■ 

mm 

■tr 


BACK VIEW 


0.175 


0.060 

0.095 


0.040 

0.070 
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CMOS DUAL-PORT RAM 

IDT7M134S 

MODULE 64K (8K x 8-BIT) & 

IDT7M135S 

128K (16Kx 8-BIT) 



FEATURES: 

• High-density 64K/128K-bit CMOS dual-port RAM modules 

• 16K x 8 organization (IDT7M135) with 8K x 8 option 
(IDT7M134) 

• Low power consumption 

• CEMOS™ process virtually eliminates alpha particle soft 
error rates (with no organic die coating) 

• On-chip port arbitration logic 

• BUSY flags 

• Fully asynchronous operation from either port 

• Single 5V (±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• On-chip pull up resistors for open-drain BUSY flag option 

• Inputs and outputs directly TTL-compatible 

• Fully static operation 

• Modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

• Finished modules tested at Room, Hot and Cold 
temperatures for all AC and DC parameters 

DESCRIPTION: 

The IDT7M134/135 are 64K/128K-bit high-speed CMOS dual- 
port static RAM modules constructed on a multi-layered ceramic 


substrate using four IDT7132 2K x 8 dual-port RAMs (IDT7M134) or 
eight IDT7132 dual-port RAMs (IDT7M135) in leadless chip carri- 
ers. Dual-port function is achieved by utilization of the two 
on-board IDT54/74FCT138 decoder circuits that interpret the 
higher order addresses A L1 1 . 13 and A R11 . 13 to select one of the eight 
2K x 8 dual-port RAMs. (On IDT7M134 8K x 8 option, the A L13 and 
A R13 need to be externally grounded and the selection becomes 
one of the four 2K x 8 dual-port RAMs.) Extremely high speeds are 
achieved in this fashion due to the use of the IDT7132 dual-port 
RAM, fabricated in IDT’s high-performance CEMOS technology. 

The IDT7M134/135 provide two ports with separate control, ad- 
dress and I/O pins that permit indepen dent ac cess for reads or 
writes to any location in the memory. The BUSY flags are provided 
for the situation when both ports simultaneously access the same 
memory location. The on-chip a rbitratio n logic will determine 
which port has access and sets the BUSY flag of the delayed port. 
BUSY is set at speeds that permit the processor to hold the opera- 
tion and its re spective address and data. The delayed port will have 
access when BUSY goes high (inactive). 

The IDT7M134/135 are available with access times as fast as 
45ns commercial and 60ns military temperature range, with oper- 
ating power consumption of only 2.1W/3.5W (max.). The module 
also offers a standby power mode of 1.4W/2.8W (max.) and a full 
standby mode of 660mW/1.3W (max.). 

All IDT military module semiconductor components are manu- 
factured in compliance with the latest revision of MIL-STD-883, 
Class B, making them ideally suited to applications demanding the 
highest level of performance and reliability. 


PIN CONFIGURATION 



PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 

CEl 

ce r 

Chip Enable 

R/W l 

R/W r 

Read/Write Enable 

OEt 

qe r 

Output Enable 

BUSYl 

BUSYr 

BUSY Flag (Open Drain) 

R330 l 

R330 r 

PULL-UP Resistors for 
Open-drain BUSY Flag option 

Aql ' A 13L 

Aon" A 13R 

Address 

o 

o 

o 

l/0 OR - l/0 7R 

Data Input/Output 

Vcc 

Power 

GND 

Ground 


13 


NOTES: 

1 . Both Vcc P ins need to be connected to the 5V supply and both GND pins need to be grounded 
for proper operation. 

2. On 8K x 8 IDT7M134 option A 13L and A 13R need to be externally connected to ground for proper 
operation. 

3. For module dimensions, please refer to module drawing M7 in the packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology, Inc. 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 

RAM MODULE 64K(8Kx 8-BIT) & 128K(16Kx 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL BLOCK DIAGRAMS 
(A) IDT7M135 (16K x 8-BIT) 




(B) IDT7M134 (8Kx 8-BIT) 
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IDT7M 1 34S/I DT7M 1 35S CMOS DUAL-PORT 
RAM MODULE 64K(8Kx 8-BIT) &128K(16Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


BEES! 

RATING 

COMMERCIAL 

MILITARY 

HRIE1 

'/term 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

D 

EH 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 



Storage 

Temperature 

-55 to +125 

-65 to +150 

B 

EfifB 

DC Output Current 

50 

50 



NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED OPERATING 
TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55° C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Supply Voltage 

■a 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V.H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5(’> 

- 

0.8 

V 


NOTE: 

1. V |L = -3.5V for pulse width less than 30ns. 


DC ELECTRICAL CHARACTERISTICS 

(Vcc= 5V ± 10%, T a = -55°C to + 125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

IDT7M134S 

MIN. TYP. 0) MAX. 

IDT7M135S 
MIN. TYP.0> 

MAX. 

UNIT 

n u i 

Input Leakage Current 

Vcc= 5.5V. V, N = OVtoVfcc 

- 

- 

15 

- 

- 

20 

pA 

■DEM 

Output Leakage Current 

CE = y H , V oux = 0V to Vcc 

- 

- 

15 

- 

- 

20 

pA 

V, H 

Input High Voltage 


2.2 

- 

6.0 

B9 

- 

6.0 

V 

V IL 

Input Low Voltage 


-1.0* 

- 

0.8 

-1.0‘ 2 > 

- 

0.8 

V 

•cc 

Dynamic Operating Current 
(Both Ports Active) 

CE = V| L , Outputs Open 

- 

190 

380 

- 

320 

640 

mA 

*SB 

Standby Current 
(Both Ports Standby) 

CE L and CE R > V IH 

- 

130 

260 

- 

260 

520 

mA 

*SB, 

Standby Current 
(One Port Standby) 

CE l orCE R > V !H 

Active Port Outputs Open 

- 

160 

320 

- 

290 

580 

mA 

, sb 2 

Full Standby Current 
(Both Ports Full Standby) 

Both Ports 

£E l and CE R > Vqq- 0.2V 

V IN > Vcc ■'0.2V - Dr V IN < 0.2V 

- 

4 

120< 3) 

- 

10 

240 (3) 

mA 


Output Low Voltage (l/O 0 - l/0 7 ) 

l 0L = 3.5mA. Vcc = 4.5V 

- 

- 

0.4 

- 

- 

0.4 

V 

v OL 

Iql ~ 8mA, Vcc= 4.5V 

- 

- 

0.5 

- 

- 

0.5 

V 

V 0L 

Open Drain Output Low 

Voltage (BUSY) 

l 0L = 16mA, Vcc = 4.5V 

- 

- 

0.5 

- 

- 

0.5 

V 

Voh 

Output High Voltage 

l 0H = -4mA, Vcc = 4.5V 

2.4 

- 

- 

2.4 

- 

- 

V 


NOTES: 

1. Vcc = 5V, T A =+25°C 

2. V| L min. = -3.5V for pulse width less than 30ns. 

3. l SBz max. of IDT7M134/IDT7M135 at commercial temperature = 80mA/150mA. 






































































































IDT7M 1 34S/I DT7M 1 35S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K X 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS (V^ 5 v +10%, t a = -55°cto + i25°c and o°cto +70°c) 




7M134S45 

7M134S50 

7M134S60 

7M134S70 

7M134S90 

7M134S100 


SYMBOL 

PARAMETER 

7M135S45 
(COM’L ONLY) 

7M135S50 
(COM’L ONLY) 

7M135S60 

7M135S70 

7M135S90 

7M135S100 

UNIT 



MIN. MAX. 

MIN. MAX. 

MIN. MAX. 

MIN. MAX. 

MIN. MAX. 

MIN. MAX. 



READ CYCLE 


Read Cycle Time 


Address Access Time 


Chip Enable Access Time 


Output Enable Access Time 


Output Hold from Address Change 




Chip Select to Output in High Z 


Output Enable to Output in High Z 


Output Enable to Output in Low Z 


Chip Enable to Power Up Time 


Chip Enable to Power Down Time 


WRITE CYCLE 


Write Cycle Time 


Chip Selection to End of Write 


Address Valid to End of Write 


Address Set-up Time 


Write Pulse Width 


Write Recovery Time 


Data Valid to End of Write 


Data Hold Time 


Output Enable to Output in High Z 


Write Enable to Output in High Z 


Output Active from End of Write 


BUSY TIMING 


BUSY Access Time to Address 


BUSY Disable Time to Address 


BUSY Access Time to Chip Enable 


BUSY Disable Time to Chip Enable 


BUSY Disable to Valid Data 


Write Pulse To Data Delay 


Write Data Valid to Read Data Delay 


Arbitration Priority Set-up Time 



- 

35 

- 

30 

- 

65 

- 

40 

10 

- 


60 

70 

90 

60 

70 

90 

60 

70 

90 

40 

40 

45 



- 

40 

- 

40 

- 

40 

- 

35 

- 

35 

- 

75 

- 

50 

10 

- 



100 

- 

- 

100 

- 

100 

- 

50 

10 

- 

15 

- 

- 

50 


40 

50 

5 

5 

30 

40 - 

10 

10 

35 

40 

35 

40 

0 

0 


45 

45 

45 

45 

40 

40 

35 

35 

50 

50 

90 

- 100 

70 

80 

10 

10 


13-128 

































































































































































































































































IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figs. 1 , 2 and 3 


DATA our ■ 


7750 : 


5V 

} 12500 
± lOOpF* 


5V 


DATAr 


7750 : 


12500 
T 5pF* 


EDS7 



lOOpF* 


m 


Figure 1. Output Load Figure 2. Output Load Figure 3. BUSY Output Load 

(for tHjjtLz.twz, and t ow ) 

* Including scope and jig. 


CAPACITANCE(T a = +25° C, f = 1.0MHz) 


SYMBOL 

PARAMETER m 

| CONDITIONS 

IDT7M134S< 2 > 

IDT7M135S< 2 > 

UNIT 

C IN 

Input Capacitance 

_< 

z 

II 

5 

80 

100 

PF 

^OLTT 

Output Capacitance 

^out= OV 

30 

40 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 

2. Typical value. 


TIMING WAVEFORM OF READ CYCLE NO. 1, EITHER S1DE (1 ’ 2 ' 6) 



"* *RC * 


ADDRESS 

( ) 

( 


P l AA *" 


r* — 1 oh — *j 


DATA our 

PREVIOUS DATA VAUD )( XX > 

( DATA VAUD ^ 

rXX 


TIMING WAVEFORM OF READ CYCLE NO. 2 EITHER SIDE l, ■ ^, 
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I DT7M 1 34S/I DT7M 1 35S CMOS DUAL-PORT 
RAM MODULE 64K(8Kx 8-BIT) & 128K(16Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING) (1,2 ' 3 ’ 7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING) (1 ’ 2>3,5) 



NOTES: 

1 . WE or £5 must be high during all address transitions. 

2. A write occurs during the overlap (t W p) of a low £5 and a low WE. 

3. t WR is measured from the earlier of £5 or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the £3 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controll ed w rite cycle, write pulse (t^p) > t wz + tow) toaJlowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified twp . 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 1, CE ARBITRATION 

CE L VALID FIRST: 


ADDR 
LAND R 


ADDRESSES MATCH 


x: 



CE r VALID FIRST: 


ADDR 
LAND R 


IX 


ADDRESSES MATCH 


XI 


CEr * 

*APS 

s -J 

t 

1—1 

* 

CE L - 

■* *bac H 

^BDC H 


EOSY u 




f 


TIMING WAVEFORM OF CONTENTION CYCLE NO. 2, ADDRESS VALID ARBITRATION^ 

LEFT ADDRESS VALID FIRST: 


1 

*RC OR *wc ► 


ADDRS L ^ 

( ADDRESSES MATCH \ 

( ADDRESSES DO NOT MATCH )( 

Ws 




ADDRSr ^ 

k 

X 


| f _ i 


L- t_ . 




BDsYr ^ 

* 1 

l 


RIGHT ADDRESS VALID FIRST: 



"* Irc OR *WC 


ADDRS r 

£ ADDRESSES MATCH ^ 

( ADDRESSES DO NOT MATCH X 

*APS 

M 



ADDRS U ^ 





1 




p bda -n 

BUSY l ^ 

s 1 

t 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 
RAM MODULE 64K (8Kx 8-BIT) & 128K (16Kx 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 



TIMING WAVEFORM OF WRITE WITH BUSY< 5 > 



NOTES: 

1 . R/W is high for Read Cycles. 

2. Device is continuously enabled, CE = V| L . 

3. Addresses valid prior to or coincident with £E transition low. 

4. If CE goes high simultaneously with R/W high, the outputs remain in the high impedance state. 

5. CE L = CE r = V| L 

6. £5E = V, L 

7. R/W = V, H during address transition. 

8. Transition is measured at +500mV from low or high impedance voltage with load (Figures 1, 2 & 3). This parameter is guaranteed by design, but 
not tested. 

9. For SLAVE port (IDT7M144/IDT7M145) only. 

10. Port-to-port delay through RAM cells from writing port to reading port. 

11. This parameter guaranteed by design, but not tested. 
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IDT7M134S/IDT7M135S CMOS DUAL-PORT 

RAM MODULE 64K (8K x 8-BIT) & 128K (16K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL DESCRIPTION 

The IDT7M134/135 provide two ports with separate control, 
address and I/O pins that permit independent access for reads or 
writes to any location in memory. The IDT7M134/135have an auto- 
matic power down feature controlled by CE. The CE controls on- 
chip powerdown circuitry that permits the respective port to go into 
a standby mode when not selected (CE high). When a port is en- 
abled, access to the entire memory array is permitted. Each port 
has its own Output Enable control (OE). In the read mode, 
the port’s OE turns on the output drivers when set LOW. 
Non-contention READ/WRITE conditions are illustrated in Table I. 

ARBITRATION LOGIC, 

FUNCTIONAL DESCRIPTION 

The arbitration logic will resolve an address match or a chip 
enable match down to 10ns minim um and determine which port 
has access. In all cases, an active BUSY flag will be set for the 
delaye d port. 

The BUSYflags are provided for the situation when both ports 
simultaneously access the same memory location. When this situ- 
ation occurs, on-chip arbitration logic will de term ine wh ich port 
has access and set the delayed port’s BUSY flag. BUSY is set at 
speeds that permit the processor to hold the operation and its 
respective address and data. It is impor tant to note that the 
operation is invalid for the port th at has BUSY set LOW. The 
delayed port will have access when BUSYgoes inactive. 

Contention occurs when both left and right ports are active and 
both addresses match. When this situation occurs, the on-chip 
arbitration logic determines access. Two modes of arbitration are 
provided: (1) if the addresses match and are valid before CE, 
on-chip control logic arbitrates between CE L and CE„ for access; 

TRUTH TABLES 


or (2) if the CEs are low before an address match, on-chip control 
logic arbitrates between the left and right addresses for access 
(refer toTable III, A ddress Arbitration). In either mode of arbitration, 
the delayed port’s BUSY flag is set and will reset when the port 
granted access completes its operation. 

DATA BUS WIDTH EXPANSION, 

MASTER/SLAVE DESCRIPTION 

Expanding the data bus width to sixteen-or-more-bits in a dual- 
port RAM system implies that several chips will be active at the 
same time. If each chip includes a hardware arbitrator, and the 
addresses for each c hip arriv e at the same time, it is possi ble tha t 
one will activate its BUSY L while another activates its BUSY R 
signal. Both sides are now busy and the CPUs will wait indefinitely 
for their port to become free. 

To avoid this “busy lock-out" problem, IDT has developed a 
MASTER/SALVE approach where onl y one h ardware arbitrator, in 
the MASTER, is used. The SLAVE has BUSY inputs which allow an 
interface to the MASTER with no external components and with a 
speed advantage over other systems. 

When expanding dual-port RAMs in widt h, the writing of the 
SLAVE RAMs must be delayed until after the BUSY input has set- 
tled. Otherwise, the SLAVE chip may begin a write cycle during a 
contention sit uation. Conversely, the write pulse must extend a 
hold time past BUSY to ensure that a write cycle takes place after 
the contention is resolved. This timing is inherent in all dual-port 
memory systems where more than one chip is active at the same 
time. 

The write pulse to the SLAVE should be delayed by the maxi- 
mum arbitration time of the MASTER. If, then, a co ntentio n occurs, 
the write to the SLAVE will be inhibited due to BUSY from the 
MASTER. 


TABLE I -NON-CONTENTION READ/WRITE CONTROL, 
LEFT OR RIGHT PORT (1) 


R/W 

CE 

CE 

I/O 0-7 

FUNCTION 

X 

H 

X 

z 

Port Disabled and in Power Down Mode, l SB 

X 

H 

X 

Z 

CE r = CE L = H, Power Down Mode, l SB or l SB2 

L 

L 

X 

data in 

Data on Port Written into Memory < z > 

H 

L 

L 

DATA ot jr 

Data in Memory Output on Port* 3 * 

H 

L 

H 

Z 

High Impedance Outputs 


NOTE: 

A ql~ Ai 3L * A or - A 13R 

2. If BUSY = L. data is not written. 

3. If BUSY = L. data may not be valid, see t W0D and to DD timing. 

4. H = HIGH, L=LOW,X= DON'T CARE, Z=HIGH IMPEDANCE 
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I DT7M 1 34S/I DT7M 1 35S CMOS DUAL-PORT 
RAM MODULE 64K(8Kx 8-BIT) & 128K (16K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE III -ARBITRATION 


LEFT PORT 

RIGHT PORT 

FLAGS (D 

FUNCTION 

CE l 

K 

CEr 

Aol - Aur 

BUSY l 

busV r 

H 

X 

H 

X 

H 

H 

No Contention 

L 

Any 

H 

X 

H 

H 

No Contention 

H 

X 

L 

Any 

H 

H 

No Contention 

L 

* Aqr-Ai3R 

L 

* Aql-Ai3L 

H 

H 

No Contention 

ADDRESS ARBITRATION WITH CE LOW BEFORE ADDRESS MATCH 

L 

LV10R 

L 

LV10R 

H 

L 

Left-Port Wins 

L 

RV10L 

L 

LV10L 

L 

H 

Right-Port Wins 

L 

Same 

L 

Same 

H 

L 

Arbitration Resolved 

L 

Same 

L 

Same 

L 

H 

Arbitration Resolved 

CE ARBITRATION WITH ADDRESS MATCH BEFORE CE 

LL10R 

= AoR~Al 3 R 

LL10R 

= AoL-Al3L 

H 

L 

Left-Port Wins 

RL10L 

= A 0 R-A 13 R 

RL10R 

= AoL-Al3L 

L 

H 

Right-Port Wins 

LW10R 

= A 0 R-A 13 R 

LW10R 

= AoL-Al3L 

H 

L 

Arbitration Resolved 

LW10R 

= A 0 R-A 13 R 

LW10R 

= AoL-Al3L 

L 

H 

Arbitration Resolved 


NOTE: 

1. X = DON'T CARE, L = LOW, H = HIGH, Same = Left and Right Addresses match within 10ns of each other. 


LV10R = Left Address Valid > 10ns before Right Address. 
RV10L = Right Address Valid > 10ns before Left Address. 
LL10R = Left CE = LOW> 10ns before Right CE. 

RL10L = Right CE = LOW_> 10ns before Left CE. 

LW10R = Left and Right CE = LOW within 10ns of each other. 


ORDERING INFORMATION 

XXXX A 


IDT 


999 

Device Type Power Speed 


Package Process/ 
Temperature 
Range 


BLANK Commercial (0°C to +70°C) 


B 

Military (-55° C to +125?C) 

Semiconductor components compliant 
to MIL-STD-883, Class B 

c 

Sidebraze DIP 


45 

50 

60 

70 

90 

100 

Commercial Only 
Commercial Only 

Speed in Nanoseconds 

! S 

Standard Power 


7M134 

7M135 

64K ( 8 K x 8 -bit) 
128K (16K x 8 -bit) 
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256K (32K x 8-BIT) 
DUAL-PORT CMOS 
STATIC RAM MODULE 


IDT7M137 


FEATURES: 

• High-density 256K-bit CMOS dual-port RAM module 

• 32K x 8 organization 

• Low power consumption 

• CEMOS™ process virtually eliminates alpha particle soft error 
rates (with no organic die coating) 

• Battery backup operation— 2V data retention 

• Fully asynchronous operation from either port 

• Single 5V(±10%) power supply 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Fully static operation 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M137 is a 256K-bit high-speed CMOS dual-port static 
RAM module constructed on a multi-layered ceramic substrate us- 
ing eight IDT71 34 dual-port RAMs in leadless chip carriers. The full 
32K bytes of dual-port RAM are directly addressable by utilization 
of the two on-board IDT54/74FCT138 decoder circuits that inter- 
pret the higher order addresses Au 2 -m and A R i 2 -i 4 to select one of 
the eight 4K x 8 dual-port RAMs. Extremely high speeds are 
achieved in this fashion due to the use of the IDT7134 dual-port 
RAM, fabricated in IDT’s high-performance CEMOS technology. 

The IDT7M137 provides two ports with separate control, ad- 
dress and I/O pins that permit independent, asynchronous access 
for reads or writes to any location in the memory. The IDT7M137 is 
designed to be used in systems where on-chip hardware port arbi- 
tration is not needed. It is the user’s responsibility to ensure data 
integrity when simultaneously accessing the same memory loca- 
tion from both ports. 

The IDT7M137 is available with access times as fast as 55ns 
commercial and 60ns military temperature range, with operating 
power consumption of only 4W (max.) The modules also offer a 
standby power mode of 3.6W (max.) and full standby mode of 1 .3W 
(max.). 

All IDT military module semiconductor components are manu- 
factured in compliance to the latest revision of MIL-STD-883, Class 
B, making them ideally suited to applications demanding the high- 
est level of performance and reliability. 


PIN CONFIGURATION 


GNDO) C 

1 

58 

□ 

CE l C 

2 

57 

U 

R/W l c 

3 

56 

□ 

NC C 

4 

55 

□ 

Ant. C 

5 

54 

□ 

CE l C 

6 

53 

□ 

AqlC 

7 

52 

□ 

AilC 

8 

51 

□ 

a 2L c 

9 

50 

□ 

a 3 l c 

10 

49 

□ 

a 4L c 

11 

48 

□ 

Asl C 

12 

47 

□ 

A 6 l c 

13 

46 

□ 

a 7L c 

14 ..,(31 

45 

□ 

AslC 

15 M7 (3) 

44 

□ 

Aql C 

16 

43 

□ 

Aiol C 

17 

42 

□ 

A, 2 L C 

18 

41 

□ 

At3L C 

19 

40 

□ 

A 14 L ( 2 ) C 

20 

39 

□ 

i/o 0L C 

21 

38 

□ 

I/Oil C 

22 

37 

□ 

I/O a C 

23 

36 

□ 

I/O 3 L C 

24 

35 

□ 

l/ 0 4 L c 

25 

34 

□ 

I/O 5 L c 

26 

33 

□ 

I/Obl C 

27 

32 

□ 

I/ 0 7l C 

28 

31 

□ 

GNDO) C 

29 

30 

□ 


DIP 

TOP VIEW 


Vcc I 1 * 


R/W„ 

NC 

Ahr 

OE r 

Aor 

Air 

A2R 

A3R 

A 4 r 

Asr 

Agr 

A7R 

A8R 

Arr 

Aior 

A 12R 

A 13R 

A 14 r(2 ) 

I/O OR 
l/OIR 
I/O 2R 

I/03R 

l/0 4 R 

l/o 5 R 

I/Oqr 

I/07R 

Vcc(') 


PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 

CE l 

CEr 

Chip Enable 

R/W l 

RAVr 

Read/Write Enable 

DE, 

OEr 

Output Enable 

Aol-i 4 l 

Aor-i 4 r 

Address 

I/Q3L-7L 

I/Oqr- 7 r 

Data Input/Output 

Vcc 

Power 

GND 

Ground 


NOTES: 


1. Both \fcc Pins need to be connected to the 5V supply and both GND 
pins need to be grounded for proper operation. 

2. On16Kx8IDT7M136optjon,Ai 4 L andA| 4 R need to be externally con- 
nected to ground for proper operation. 

3. For module dimensions, please refer to module drawing M7 in the 
packaging section. 



CEMOS is a trademark of Integrated Device Technology, Inc. 

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1987 


© 1987 Integrated Device Technology, Inc. 
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IDT7M137 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL BLOCK DIAGRAM 
IDT7M137 (32K x 8-BIT) 



FUNCTIONAL DESCRIPTION: 

The IDT7M137 provides two ports with separate controls, ad- mode when not selected (CE high). When a port is enabled, ac- 

dress and I/O that permit independent access for reads or writes to cess to the entire memory array is permitted. Each port has its own 

any location in memory. The IDT7M137 has an automatic power Output Enable control (OE ).lnthereadmode,theport’sOE turns 

down feature controlled by CE . The CE controls on-chip power on the output drivers when set LOW. 

down circuitry that permits the respective port to go into a standby 
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IDT7M137 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) RECOMMENDED OPERATING 


RECOMMENDED DC OPERATING CONDITIONS 


NOTE: 

1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 

1. V |L = -3.5V for pulse width less than 30ns. 


DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0V ±10%, T a = -55° C to +125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 



UNIT 

■B 

Input Leakage Current 

Vcc = 5.5 V, Vin = 0V to Vcc 

- 

- 

20 

pA 

WBSM I 

Output Leakage Current 


- 

- 

20 

pA 

V,H 

Input High Voltage 


2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 


-1.0(2) 

- 

0.8 

V 

•cc 

Dynamic Operating Current 
(Both Ports Active) 

CE = V| L , Outputs Open 

- 

275 

730 

mA 

•se 

Standby Current 
(Both Ports Standby) 

CE L and CE r > V IH 

- 

200 

560 

mA 

'sBt 

Standby Current 
(One Port Standby) 

CE L or CE r >V| H 

Active Port Outputs Open 

- 

225 

650 

mA 

•sb 2 

Full Standby Current 
(Both Ports Full Standby) 

Both Ports 

CE l and CE R > V^ -0.2V 

Vin > Vcc -0.2V or Vn < 0.2V 

- 

8 

240 (3) 

mA 

V 0L 

Output Low Voltage 

Iol = 8mA 

- 

- 

0.4 

V 

(l/O 0 — l/Oy ) 

I 0 l = 10mA 

- 

- 

0.5 

V 

V OH 

Output High Voltage 

l 0H = -4mA 

2.4 

- 

- 

V 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

V,H 

Input High Voltage 

2.2 

- 

6.0 

V 

V,L 

Input Low Voltage 

-0.5(’) 

- 

0.8 

V 


TEMPERATURE AND SUPPLY VOLTAGE 


GRADE 

AMBIENT 

TEMPERATURE 

GND 

Vcc 

Military 

-55° C to +125°C 

OV 

5.0V ± 10% 

Commercial 

0°C to +70°C 

ov 

5.0V ± 10% 



RATING 

COMMERCIAL 

MILITARY 



Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

D 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 


KSI 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

•out 

DC Output Current 

50 

50 

mA 


NOTES: 

1. \fcc = 5 V,T a = +25°C 

2. V|l min. = -3.5V for pulse width less than 30ns. 

3. l SBz max. of IDT7M137 at commercial temperature = 150mA. 
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IDT7M137 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC ELECTRICAL CHARACTERISTICS 


Sift UKUM*) I 


SYMBOL 


READ CYCLE 


PARAMETER 


IDT7M137S55 

IDT7M137S60 

IDT7M137S70 

(COM’L ONLY) 
MIN. MAX. 

MIN. MAX. 

MIN. MAX. 


IDT7M137S90 IDT7M137S100 
(MIL ONLY) 

MIN. MAX. MIN. MAX. 


^RC 

Read Cycle Time 55 

60 

70 

90 

100 

- ns 

*AA 

Address Access Time - 

55 

60 

70 

90 

100 ns 

UcE 

Chip Enable Access Time - 

55 

60 

70 

90 

100 ns 

l AOE 

Output Enable Access Time - 

35 

35 

40 

40 

40 ns 

♦oh 

Output Hold From Address Change 0 

0 

0 

10 

10 

- ns 

l CLZ 

Chip Select to Output in Low Z 15 

15 

15 

5 

5 

- ns 

tcHZ 

Chip Select to Output in High Z - 

35 

40 

40 

40 

40 ns 

*OLZ 

Output Enable to Output in Low Z 5 

5 

5 

5 

5 

ns 

toHZ 

Output Enable to Output in High Z - 

30 

35 

40 

40 

40 ns 

tpU 

Chip Enable to Power Up Time 0 

0 

0 

0 

0 

ns 

*PD 

Chip Disable to Power Down Time - 

60 

60 

60 

60 

60 ns 


WRITE CYCLE 


l wc 

Write Cycle Time 

55 

60 

70 

90 

100 

- ns 

l EW 

Chip Enable to End of Write 

50 

55 

60 

80 

90 

- ns 

Uw 

Address Valid to End of Write 

50 

55 

60 

80 

90 

ns 

*AS 

Address Set-up Time 

5 

5 

5 

10 

10 

- ns 

twp 

Write Pulse Width 

45 

50 

55 

70 

80 

ns 

l WR 

Write Recovery Time 

5 

5 

5 

10 

10 

- ns 

*DW 

Data Valid to End of Write 

25 

30 

35 

45 

50 

ns 

*DH 

Data Hold Time 

5 

5 

5 

10 

10 

ns 

toHZ 

Output Enable to Output in High Z 

- 

35 

40 

40 

40 

50 ns 

*WZ 

Write Enabled to Output in High Z 


35 0 

40 0 

o 

o 

40 0 

50 ns 

tow 

Output Active From End of Write 

0 

0 

0 

T. . 1 0 

0 

- ns 
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IDT7M137 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7M1 37 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TIMING WAVEFORM OF WRITE CYCLE NO. 1 (We CONTROLLED TIMING) (1,2,3,7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (C§ CONTROLLED TIMING) (1 ’ 2,3,5) 


ADDRESS 


£3 




X 


X 


X 


WE 


DATA,, 


X 


< 


X 


> 


NOTES: 

1. WE or £3 must be high during all address transitions. 

2. A write occurs during the overlap (t^ of a low £3 and a low WE. 

3. t WR is measured from the earlier of £3 or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state, and input signals must not be applied. 

5. If the £3 low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state. 

6. Transition is measured ±200mV from steady state with a 5pF load (including scope and jig). This parameter is sampled and not 100% tested. 

7. During a WE controlled write cycle, write pulse (tyvp) > t v/z + t DW ) toallowthel/Odriverstotumoffanddatatobeplacedonthebusfortherequiredt DW . If 
£E is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as the specified twp. 
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IDT7M137 256K (32K x 8-BIT) 

DUAL-PORT CMOS STATIC RAM MODULE 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 and 3 


DATAqut — 
7750 



DATA out — 
7750 


Figure 1. 
Output Load 


* Including scope and jig. 


ORDERING INFORMATION 


XXXX A 999 A A 

Device Type Power Speed Package Process/ 

i | ! | Temperature 

Range 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (T A = + 25 °c.f = i.omhz) 


SYMBOL 

TEST 

Cqut 

Output Capacitance 

c, N 

Input Capacitance 



TYP. 

UNIT 

120 

PF 

50 

PF 


1. This parameter is sampled and not 100% tested. 


Figure 2. 

Output Load 

(for tHz. *lz« twzi and tow) 



Commercial (0°Cto +70°C) 

Military (-55°Cto +125°C) 
Semiconductor components 
compliant to MIL-STD-883, Class B 


Sidebraze 
Commercial Only 

Military Only 
Standard Power 
32K x 8-Bit 


Speed in Nanoseconds 
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CMOS SLAVE DUAL-PORT 
RAM MODULE 64K (8K x 8-BIT) 
&128K(16Kx 8-BIT) 


IDT7M144S 

IDT7M145S 


FEATURES: 

• High-density 64K/128K-bit CMOS SLAVE dual-port RAM 
modules 

• Easily expands data bus width to 16-or-more-bits when used 
with MASTER IDT7M134 or IDT7M135 

• 16K x 8 organization (IDT7M145) or 8K x 8 option (IDT7M144) 

• High-speed access 

— Military: 60ns (max.) 

— Commercial: 45ns (max.) 

• Low power operation 

- Active: 950mW (typ.) (IDT7M144) 

- Standby: 20mW (typ.) (IDT7M144) 

• BUSY input flags 

• Fully asynchronous operation from either port 

• Fully static operation 

• Dual Vcc and GND pins for maximum noise immunity 

• Inputs and outputs directly TTL-compatible 

• Single 5V(±10%) power supply 

• Modules available with semiconductor components compliant 
to MIL-STD-883, Class B 


DESCRIPTION: 

The IDT7M144/145 are 64K/128K-bit high-speed CEMOS™ 
SLAVE dual-port static RAM modules constructed on a multi- 
layered, co-fired, ceramic substrate using four IDT7142 2K x 8 
SLAVE dual-port RAMs (IDT7M144) or eight IDT7142 SLAVE dual- 
port RAMs (IDT7M145) in leadless chip carriers. Dual-port function 
is achieved by util ization of the two on-board I DT54/74FCT 1 38 de- 
coder circuits that interpret the higher order addresses A L i 1-13 and 
ARn-i 3 to select one of the eight 2K x 8 dual-port RAMs. (On 
IDT7M144 8K x 8 option, the Am and Ann need to be externally 
grounded and the selection becomes one of the four 2K x 8 
dual-port RAMs.) 

The IDT7M144/145 are designed as “SLAVE" dual-port RAM 
modules to be used together with the IDT7M135/135 “MASTER” 
dual-port RAM modules in 16-or-more-bit systems, whereas the 
IDT7M134/135 are designed to be used as stand-alone 8-bit dual- 
port RAM modules. Using the IDT MASTER/SLAVE dual-port RAM 
module approach in 16-or-more-bit memory system applications 
results in full speed operation without the need for additional dis- 
crete logic. 

Both SLAVE IDT7M144/145 and MASTER IDT7M134/135 mod- 
ules provide two ports with separate control, address and I/O pins 
that permit independent asynchro nous a ccess for reads or writes 
to any location in the memory. The BUSY flags are provided for the 
situation whe n both ports simultaneously access the same mem- 
ory location. BUSY is set at speeds that permit the processor to 
hold the operation and its respe ctive a ddress and data. The de- 
layed port will have access when BUSY goes high (inactive). The 
BUSY pins are outputs on the MASTER and inputs on the SLAVE. 


PIN CONFIGURATION 



PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 

CE l 

OEr 

Chip Enable 

R/W l 

R/Wr 

Read/Write Enable 


OEr 

Output Enable 

BU5Y l 

BUSYr 

Busy Flag 

Aol “Ai3L 

Aor _ A 13R 

Address 

I/Oql _ I/®7l 

I/Oqr-I/Otr 

Data Input/Output 

Vcc 

Power 

GND 

Ground 


NOTES: 

1 . Both Vcc pins need to be connected to the 5V supply and both GND pins need to be grounded for 
proper operation. 

2. On 8K x 8 IDT7M134 option, A 13L and Ai 3 r need to be externally connected to ground for proper 
operation. 

3. IDT7M13 4/135 ( MASTER): BUSY is open drain output and requires puli up resistor. IDT7M1 44/1 45 
(SLAVE): BUSY is input. 

4. For module dimensions, please refer to module drawing M 7 in the packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


© 1 987 Integrated Device Technology, Inc. 
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I DT7M 1 44S/I DT7M 1 45S CMOS SLAVE DUAL-PORT 
RAM MODULE 64K (8Kx 8-BIT) & 128K (1 6K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL BLOCK DIAGRAMS 
(A) IDT7M145 (16K x 8-BIT) 



R/Wr 


Ao-ior 

OEr 


BUSVr 


At1-13R 


*/OrO-7 


(B) IDT7M144 (8K x 8-BIT) 


BDsVl 


BUSYr 

R/Wr 

Ao-ior 

OEr 




(GROUND A 13L AND A 13R EXTERNALLY) 
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IDT7M144S/IDT7M145S CMOS SLAVE DUAL-PORT 
RAM MODULE 64K (8K X 8-BIT) & 1 28K (1 6K x 8-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

OVER THE OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 

(DC electricals for the IDT7M144/IDT7M145 SLAVE dual-port are identical to the IDT7M134/IDT7M135 MASTER dual-port. Reference the 
IDT7M134/IDT7M135 CMOS dual-port RAM data sheet.) 


AC ELECTRICAL CHARACTERISTICS 

OVER THE OPERATING TEMPERATURE AND SUPPLY VOLTAGE RANGE 

(AC electricals for the IDT7M144/1DT7M145 SLAVE dual-port are identical to the IDT7M134/IDT7M135 MASTER dual-port except where 
noted below.) 


SYMBOL 

PARAMETER 

7M144S45 
7M145S45 
(COM’ 
MIN. MAX. 

7M144S50 
7M145S50 
_ ONLY) 

MIN. MAX. 

7M144S60 

7M145S60 

MIN. MAX. 

7M144S70 

7M145S70 

MIN. MAX. 

7M144S90 

7M145S90 

MIN. MAX. 

7M144S100 

7M145S100 

MIN. MAX. 

UNIT 


Write Pulse Width 

35 

40 

45 

45 

50 

60 

ns 

HUH 

Write to BUSY 

0 

0 

0 

0 

0 

0 

ns 

■ 

Write Hold After BUSY 

20 - 

20 

20 

20 

20 

20 

ns 


16-BIT MASTER/SLAVE DUAL-PORT MEMORY SYSTEM 


R/W 

BUSY 


LEFT 


IDT7M134/5 
| R/W R/W | 
MAS TER 
I BUSY BUSY 


RIGHT 


♦— w/v— +5V 


+ 5V — WA r-f 


IDT7M144/5 
| R/W R/W 
SLA V E* 1 * 

I BUSY BUSY 


R/W 

BUSY 


NOTE: 

1. No arbitration in IDT7M144/IDT7M145 (SLAVE): BUSY IN inhibits write in IDT7M144/IDT7M145. 
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IDT7M144S/IDT7M145S CMOS SLAVE DUAL-PORT 

RAM MODULE 64K(8Kx 8-BIT) & 128K(16K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 

ORDERING INFORMATION 



Blank Commercial (0°C to +70°C) 

B Military (-55°C to + 125°C) 

Semiconductor Components 
Compliant to MIL-STD-883, Class B 

Commercial Only ’ 

Commercial Only 

. Speed in Nanoseconds 


S Standard Power 


7M144 64K (8K x 8-bit) SLAVE Dual-Port RAM 

7M145 128K (16K x 8-bit) SLAVE Dual-Port RAM 


45 

50 

60 

70 

90 

100 



FEATURES: 

• First-In, First-Out memory module 

• 2K x 9 organization (IDT7M203S) 

• 4K x 9 organization (IDT7M204S) 

• Low-power consumption 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Single 5V (±10%) power supply 

•' Master/slave multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and full warning flags 

• High-performance CEMOS™ technology 

• Pin compatible with I DT7201 and MostekMK4501, but with four 
times word depth (IDT7M203S) or eight times (IDT7M204S) 

• Module available with semiconductor components 100% 
screened to MIL-STD-883, Class B 


PIN CONFIGURATION 


W C 

7T 

28 

D8 C 

2 

27 

D3 C 

3 

26 

D2 (Z 

4 

25 

D1 IZ 

5 

24 

DO C 

6 

23 

XI C 

7 

22 

FFC 

8 

21 

Q0 □ 

9 

20 

01 C 

10 

19 

Q2 C 

11 

18 

Q3 □ 

12 

17 

Q8 C 

13 

16 

GND C 

14 

15 


PIN NAMES 


DESCRIPTION: 

The IDT7M203/204 are FIFO memory modules that utilize a 
special First-In, First-Out algorithm that loads and empties data 
on a first-in, first-out basis. The device uses full and empty flags 
to prevent data overflow and underflow and expansion logic to 
allow for unlimited expansion capability in both word size and 
depth. 

The reads and writes are internally sequential through the use 
of ring pointers, with no address information required to load and 
unload data. Data istoggled in and out of the device through the 
use of the WRITE (W) and READ (R) pins. The device has a 
read/write cycle time of 65ns (15MHz) for commercial and 70ns 
(14MHz) for military temperature ranges. 

The device utilizes a 9-bit wide data array to allow for control 
and parity bits at the user’s option. This feature is especially 
useful in data communications applications where it is necessary 
to use a parity bit for transmission/reception error checking. 

The IDT7M203/204 are constructed on a multi-layered ceramic 
substrate using four IDT7201 (512x9) or four IDT7202 (1Kx9) 
FIFOs in leadless chip carriers. Extremely high speeds are 
achieved in this fashion due to the use of IDT7201 s and IDT7202s 
fabricated in IDT’s high-performance CEMOS technology. 

IDT's military FIFO modules have semiconductor components 
100% processed to the test methods of MIL-STD-883, Class B, 
making them ideally suited to applications demanding the 
highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 


DO- D8 

Q0-Q8 — 
_ R 
W — 
_ RS 
Xo — 
X| 


FL = 

FIRST LOAD 
D = 


XI = 

EXPANSION IN 


EF = 

EMPTY FLAG 



Q = 

DATA OUT 


FF = 

FULL FLAG 


GND = 
GROUND 


DUAL 4-INPUT OR GATE 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


JULY 1986 


1986 Integrated Device Technology, Inc. 


13-146 


Printed in U.S.A. 











IDT7M203S/IDT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATING^) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

V TERM 

Terminal Voltage 
with Respect 
toGND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

Ta 

Operating 

Temperature 

0 to +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-10 to +85 

-65 to +135 

°c 

t stg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

P T 

Power Dissipation 

4.0 

4.0 

w 

'out 

DC Output Current 

50 

50 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or anyotherconditions above those 
indicated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v cc 

Military Supply Voltage 

4.5 

5.0 

5.5 

V 

< 

o 

o 

Commercial Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

VlH 

Input High Voltage 
Commercial 

2.0 

- 

- 

V 

V,H 

Input High Voltage 

Military 

2.2 

- 

- 

V 

V| L 0) 

Input Low Voltage 

Commercial & Military 

- 

- 

0.8 

V 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 



DC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ± 10%, T a = -55°C to +125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

MIN. 

IDT7M203S 
IDT7M 204S 
COMMERCIAL 
TYP. 

MAX. 

MIN. 

IDT7M203S 

IDT7M204S 

MILITARY 

TYP. 

MAX. 

UNIT 

NOTES 

l,L 

Input Leakage Current (Any Input) 

-5 

- 

5 

-10 

- 

10 

mA 

1 

^OL 

Output Leakage Current 

-10 

- 

10 

-10 

- 

10 

yuA 

2 

V 0 H 

Output Logic “1” Voltage l H = -2mA 

2.4 

- 

- 

2.4 

- 

- 

V 

- 

V 0 L 

Output Logic “0" Voltage 1 L = 8mA 

- 

- 

0.4 

- 

- 

0.4 

V 

- 

'cci 

Average V cc Power Supply Current 

- 

110 

176 

- 

155 

230 

mA 

3 


Average Standby Current 
(R = W = RS = FL = V IH ) 

- 

20 

33 

- 

30 

60 

mA 

3 

*CC3 

Power Down Current 
(All Input = V cc -0.2V) 

- 

- 

20 


- 

36 

mA 

3 


NOTES: 

1. Measurements with 0.4 < V| N <V CC . 

2. R S V| H , 0.4 < V 0UT — V cc . 

3. I cc measurements are made with outputs open. 






















I DT7M203S/I DT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


CAPACITANCE (T A = +25°C, f = 1.0MHz) 


SYMBOL 

PARAMETERS) 

CONDITIONS 

R 

UNIT 

C IN 

Input Capacitance 

> 

o 

II 

z 

3 

35 

pF 

Cqut 

Output Capacitance 

Vout = ov 

40 

pF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


AC CHARACTERISTICS^) 

(V cc = 5V ± 10%, T a = -55°C to +125°C and 0°C to +70°C) 


SYMBOL 

PARAMETER 

7M203/4S40 
COM’L. ONLY 
MIN. MAX. 

7M203/4S50 

MIN. MAX. 

7M203/4S55 

MIN. MAX. 

7M203/4S65 

MIN. MAX. 

7M203/4S100 

MIN. MAX. 

7M203/4S140 

MIN. MAX. 

UNIT 

Irc 

Read Cycle Time 

50 — 

65 

- 

70 

- 

85 

- 

125 

- 

165 

- 

ns 


Access Time 

- 

40 

- 

50 

- 

55 

- - 

65 

- 

100 

- 

140 

ns 

*RR 

Read Recovery Time 

10 

- 

15 

- 

15 

- 

20 

- 

25 

- 

25 

- 

ns 

Irpw 

Read Pulse Width! 2 ) 

40 

- 

50 

_ 

55 

- 

65 

- 

100 

- 

140 

- 

ns 

Irlz 

Read Pulse Low to 

Data Bus at Low Z< 3 > 

5 

- 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

Wz 

Write Pulse High to 

Data Bus at Low Z( 3 4 ) 

10 

- 

15 

- 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

*DV 

Data Valid from 

Read Pulse High 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

l RHZ 

Read Pulse High to 

Data Bus at High Z< 3 > 

- 

25 

- 

30 

- 

30 

- 

35 

- 

40 

- 

50 

ns 

l WC 

Write Cycle Time 

50 

- 

65 

- 

70 

- 

85 


125 

- 

165 

- 

ns 

t W pw 

Write Pulse Width! 2 ) 

40 

- 

50 

- 

55 

- 

65 

- 

100 

- 

140 

- 

ns 

*WR 

Write Recovery Time 

10 

- 

15 

- 

15 

- 

20 

- 

25 

- 

25 

- 

ns 

l DS 

Data Setup Time 

20 

- 

25 

— 

30 

- 

40 

- 

50 

- 

50 

- 

ns 

*DH 

Data Hold Time 

0 

- 

5 

— 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

*RSC 

Reset Cycle Time 

50 

- 

65 

— 

70 

- 

85 

- 

125 

- 

165 

- 

ns 

*RS 

Reset Pulse Width ( 2 ) 

40 

- 

50 

— 

55 

- 

65 

- 

100 

- 

140 

- 

ns 

•rsr 

Reset Recovery Time 

10 

- 

15 

- 

15 

- 

20 

- 

25 

- 

25 

- 


t E FL 

Reset to Empty Flag Low 

- 

45 

- 

65 

- 

70 

- 

85 

- 

125 

- 

165 

ns 

Iref 

Read Low to Empty Flag Low 

- 45 

- 

50 

- 

55 

- 

60 

— 

95 

- 

135 

ns 

l RFF 

Read High to Full Flag High 

- 

45 

- 

50 

- 

55 

- 

60 

- 

95 

- 

135 

ns 

l WEF 

Write High to Empty Flag High 

- 

45 

- 

50 

- 

55 

- 

60 

- 

95 

- 

135 

ns 

l WFF 

Write Low to Full Flag Low 

- 

45 

- 

50 

- 

55 

- 

60 

- 

95 

- 

135 

ns 


NOTES: 

1. Timings referenced as in AC Test Conditions. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design, not currently tested. 

4. Only applies to read data flow-through mode. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise and Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figure 1 


• NOTE: 

Generating R/W Signals — When using these high-speed FIFO devices, it is 
necessary to have clean inputs on the R andWsignals. It is important to not have 
glitches, spikes or ringing on the R, W lines (violates the V IH , V, L requirements); 
although the minimum pulse width low for the R and W are specified in tens of 
nanosecond, a glitch of 5ns can affect the read or write pointer and cause it to 
increment. 


5V 



'Includes jig and scope capacitances. 


Figure 1. Output Load. 
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IDT7M203S/IDT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SIGNAL DESCRIPTIONS: 

INPUTS: 

DATA IN (D0-D8) 

Data inputs for 9-bit wide data. 

CONTROLS: 

RESET (RS) 

Reset is accomplished whenever the RESET (RS) input is 
taken to a low state. During reset, both internal read and write 
pointers are set to the first location. A reset is required after 
power up before a write operation can take place. Both the 
READ ENABLE (R) and WRITE ENABLE (W) inputs must be in 
the high state during the window shown in Figure 2: i.e., t RPW 
or t WPW before the rising edge of RS, and W should not change 
until t RSR after the rising edge of RS. 

WRITE ENABLE (W) 

A write cycle is initiated on the falling edge of this input if the 
FULL FLAG (FF) is not set. Data setup and hold times must be 
adhered to with respect to the rising edge of the WRITE ENABLE 
(W). Data is stored in the RAM array sequentially and independ- 
ently of any ongoing read operation. 

To prevent data overflow, the FULL FLAG (FF) will go low, 
inhibiting further write operations. Upon the completion of a valid 
read operation, the FULL FLAG (FF) will go high after t RPF , 
allowing a valid write to begin. When the FI FO is full, thejnternal 
write pointer is blocked from W, so external changes in W will not 
affect the FIFO when it is full. 

READ ENABLE (R) 

A read cycle is initiated on the falling edge of the READ 
ENABLE (R) provided the EMPTY FLAG (EF) is not set. The data 
is accessed on a First-In, First-Out basis independent of any 
ongoing write operations. After READ ENABLE (W) goes high, the 
data outputs (QO through Q8) will return to a high impedance 
condition until the next READ operation. When all the data has 


been read from the FIFO, the EMPTY FLAG (EF) will go low, 
allowing the “final" read cycle but inhibiting further read 
operations with the data outputs remaining in a high impedance 
state. Once a valid write operation has been accomplished, the 
EMPTY FLAG (EF) will go high after t WEP , and a valid READ can 
then begin. When the FIFO is empty, the internal read pointer is 
blocked from R; so external changes in R will not affect the FIFO 
when it is empty. 

FIRST LOAD (FL) 

This pin is grounded to indicate that it is the first device. In the 
multiple mode (depth expansion mode) application, this pin on 
the rest of the devices should connect to V cc for proper operation. 

EXPANSION IN (XI) 

EXPANSION IN (XT) is connected to EXPANSION OUT (XO) of 
the previous (in depth expansion) or same device for proper 
application. 

OUTPUTS: __ 

FULL FLAG (FF) 

The FULL FLAT (FF) will go low, inhibiting further write 
operation, when the write pointer is one location from the read 
pointer, indiciating that the device is full. If the read pointer is not 
moved after RESET (RS), the FULL FLAG (FF) will go low after 
2048 writes for the IDT7M203 and 4096 writes for the IDT7M204. 

EXPANSION OUT (XO) 

^EXPANSION OUT (XO) is connected to the EXPANSION IN 
(XI) of the same device (single device mode) or the EXPANSION 
IN (XI) of the next device (multiple device, depth expanion mode) 
for proper operation. This output acts as a signal to the next 
device by providing a pulse to the next device when the current 
device reaches the last location of memory. 

DATA OUTPUTS (Q0-Q8) 

Data outputs for 9-bit wide data. Thjs output is in a high 
impedance condition whenever READ (R) is in a high state. 


ns ^ 

*RS ► 

\ 7 

r 

1 

{^ZZZZZZj 

EZZZZZZZZZZ 


V 

— — Irsr — ■ 


r ■ ,m 

| Iwpw 

s 

EF ^ 


* / 



NOTES: 

1 - *RSC = tRS + t RSR- 

2. W and R = V, H around the rising edge of RS. 

Figure 2. Reset 
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IDT7M203S/IDT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 



Figure 3. Asynchronous Write and Read Operation 

LAST WRITE , FIRST READ i ADDITIONAL i FIRST WRITE 

READS 



FF 



Figure 5. Empty Flag From Last Read to First Write 
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IDT7M203S/IDT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


t RPE : EFFECTIVE READ PULSE WIDTH AFTER EMPTY FLAG HIGH 



Figure 6. Empty Flag Timing 


t WPF : EFFECTIVE WRITE PULSE WIDTH AFTER FULL FLAG HIGH 



OPERATING MODES: 

SINGLE DEVICE MODE 

A single IDT7M203/IDT7M204 may be used when the appli- 
cation requirements are for 2048/4096 words or less. The 
IDT7M203/IDT7M204 is a Single Device Configuration when the 
EXPANSION IN (XT) control input is connected to _the 
EXPANSION OUT (XO) of the device and the FIRST LOAD (FL) 
control pin is grounded (see Figure 8). 

WIDTH EXPANSION MODE 

Word width may be increased simply by connecting the cor- 
responding input control signals of multiple devices. Status flags 
(EF, FF) can be detected from any one device. Figure 9 demon- 
strates an 18-bit word width by using two IDT7M203/ IDT7M204S. 
Any word width can be attained by adding additional 
IDT7M203/IDT7M204S. 


EXPANSION OUT (XO) 


WRITE 

(W) _ 

J. k 

data in / 

JEL.) 

__ FULL FLAG 

w 

RESET 

(RS) _ 


IDT 

7M203/4 


(R) 


READ 


(Q) 


/ DATAqut^ 


(EF) EMPTY FLAG 1 


h< FL ) 


FIRST LOAD 


EXPANSION IN (XI) 


Figure 8. Block Diagram of Single IDT7M203/IDT7M204 FIFO 



IDT7M203S/IDT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DEPTH EXPANSION (DAISY CHAIN) MODE 

The IDT7M203/IDT7M204 can easily be adapted to appli- 
cations when the requirements are for greater than 2048/4096 
words. Figure 10 demonstrates Depth Expansion using three 
IDT7M203/IDT7M204S. Any depth can be attained by adding 
additional IDT7M203/IDT7M204s. The IDT7M203/IDT7M204 
operates in the Depth Expansion configuration when the 
following conditions are met: 

1. The firsj_device must be designed by grounding the FIRST 
LOAD (FL) control input. 

2. All other devices must have FL in the high state. 

3. The EXPANSION OUT (XO) pin of each device must be tied to 
the EXPANSION IN (Xl) pin of the next device. See Figure 10. 

4. External logic is needed to generate a composite FULL FLAG 
(FF) and EMPTY FLAG (EF). This requires the ORing of all EFs 
and ORing of all FF s ( i.e. all must be set to generate the 
correct composite FF or EF). See Figure 10. 

COMPOUND EXPANSION MODE 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO 
arrays. (See Figure 11.) 

BIDIRECTIONAL MODE 

Applications which require data buffering between two sys- 
tems (each system capable of READ and WRITE operations) can 
be achieved by pairing IDT7M203/IDT7M204s as is shown in 
Figure 12. Care must be taken to assure that the appropriate flag 


is monitored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is used). 
Both Depth Expansion and Width Expansion may be used in this 
mode. 

DATA FLOW-THROUGH MODES 

Two types of flow-through modes are permitted with the 
IDT7M203/IDT7M204: a read flow-through and write flow- 
through mode. For the read flow-through mode (Figure 13), the 
FIFO permits a reading of a single word after writing one word of 
data into an empty FI FO. The data is enabled on the bus in (t WEF + 
t A )ns after the rising edge of W called the first write edge, and it 
remains on the bus until the R line is raised from low-to-high, 
after which the bus would go into a three-state mode after t RH zns. 
The EF line would have a pulse showing temporary deassertion 
and then would be asserted. In the interval of time that R was low, 
more words can be written to the FIFO (the subsequent writes 
after the first write edge would deassert the empty flag); however, 
the same word (written on the first edge), presented to the output 
bus as the read pointer, would not be incremented when R is low. 
On toggling W, the other words that were written to the FIFO will 
appear on the output bus as in the read cycle timings. 

I n a write flow-through mode (Figure 14), the FIFO permits the 
writing of a single word of data immediately after reading one 
word of data from a full FIFO. The R line causes the FF to be 
deasserted, but the W line being low causes it to be asserted 
again in anticipation of a new data word._On the rising edge ofW, 
a new word is loaded in the FIFO. The W line must be toggled 
when FF is not asserted to write new data in the FIFO and 
increment the write pointer. 


DATA in (D) 


WRITE 


FULL FLAG (FF) 


zsi 

— (W) U- 


RESET 


-(RS)- 


*sn 


Jxl) 


v-EZ L) i 

tr 


IDT 

7M203/4 


(R) READ 


(EF) EMPTY FLAG 


t( X iVf I 


9, | (FL) FIRST LOAD 

(Q) DATAqut 




NOTES: _ _ 

Flag detection is accomplished by monitoring the FF and EF signals on either 
(any) device used in the width expansion configuration. Do not connect any 
output control signals together. 

Figure 9. Block Diagram of 2048x18/4096x18 FIFO Memory 
Used In Width Expansion Mode 
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I DT7M203S/I DT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TABLE I — RESET — 

SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


MODE 

INPUT 

INTERNAL STATUS 

OUTPUTS | 

RS 

Read Pointer 

Write Pointer 

EF 

FF 

Reset 

0 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

Increment* 1 * 

Increment* 1 * 

X 

X 


NOTE: 

1. Pointer will increment if flag is high. 


TABLE II — RESET AND FIRST LOAD TRUTH TABLE — 
DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

xl 

Read Pointer 

Write Pointer 

EF 

FF 

Reset-First Device 

0 

0 

(i) 

Location Zero 

Location Zero 

0 

1 

Reset all Other Devices 

0 

1 

(D 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

0) 

X 

X 

X 

X 


NOTES: 

1. XI is connected to XO of previous device. See Figure 10. 

RS = Reset Input, FL = First Load, EF = Empty Flag Output, FF = Full Flag Output, XI = Expansion Input. 
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I DT7 M203S/I DT7M204S 

CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES 




NOTES: 

1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 

2. For flag detection see WIDTH expansion Section and Figure 9. 

Figure 11. Compound FIFO Expansion 
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CMOS PARALLEL IN-OUT FIFO MODULE (2K x 9-BIT & 4K x 9-BIT) 
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ORDERING INFORMATION 



Commercial 
(0°C to +70°C) 

Military 

(-55°C to +125°C) 
Semiconductor Components 
Screened to MIL-STD-883, 
Method 5004, Class B 

Sidebraze 


Commercial Only 


Speed 

in 

Nanoseconds 


7M203 

7M204 


Standard-Power 

2K x 9-Bit 
4K x 9-Bit 





FEATURES: 

• First-In/First-Out memory module 

• 8K x 9 organization (IDT7M205S) 

• 16K x 9 organization (1DT7M206S) 

• Low power consumption 

— Active: 840mW (typ. Com’l.) 

— Power Down: 176mW (max. Com’l) 

• Asynchronous and simultaneous read and write 

• Fully expandable by both word depth and/or bit width 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Single 5V (+10%) power supply 

• MASTER/SLAVE multiprocessing applications 

• Bidirectional and rate buffer applications 

• Empty and Full warning flags 

• High-performance CEMOS ™ technology 

• Pin-compatible with IDT7201 and Mostek MK4501, but with 16 
times word depth (IDT7M205S) or 32 times (IDT7M206S) 

• Module available with semiconductor components compliant to 
MIL-STD-883, Class B 


DESCRIPTION: 

The I DT7 M 205S/206S are FIFO memory modules constructed 
on a multi-layered ceramic substrate using four IDT7203 (2K x 9) or 
four IDT7204 (4K x 9) FIFOs in leadless chip carriers. Extremely 
high speeds are achieved in this fashion due to the use of IDT7203s 
and IDT72Q4S fabricated in IDT’s high-performance CEMOS tech- 
nology. These devices utilize a special First-In/First-Out algorithm 
that loads and empties data on a first-in/first-out basis. The device 
uses Full and Empty flags to prevent data overflow and underflow 
and expansion logic to allow for unlimited expansion capability in 
both word size and depth. 

The reads and writes are internally sequential through the use of 
ring pointers, with no address information required to load and un- 
load data. Data_is toggled in and out of the device through the use 
of the WRITE (W) and READ (R) pins. The devices have a read/ 
write cycle time of 50ns (25MHz) for commercial and 65ns (15MHz) 
for military temperature ranges. 

The devices utilize a 9-bit wide data array to allow for control and 
parity bits at the user’s option. This feature is especially useful in 
data communications applications where it is necessary to use a 
parity bit for transmission/reception error checking. 

IDT’s Military FIFO modules have semiconductor components 
manufactured in compliance with the latest revision of MIL- 
STD-883, Class B, making them ideally suited to applications de- 
manding the highest level of performance and reliability. 


PIN CONFIGURATION 



DIP 

TOP VIEW 


PIN NAMES 


w = 

WRITE 

FL = 

FIRST LOAD 

XI = 

EXPANSION IN 

EF = 

EMPTY FUG 

R = 

D = 

XO = 

Vcc = 

READ 

DATA in 

EXPANSION OUT 

5V 

RS = 

Q = 

FF = 

GND = 

RESET 

DATAoirr 

FULL FUG 

GROUND 


CEMOS is a trademark of Integrated Device Technology, Inc. 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


FUNCTIONAL BLOCK DIAGRAM 



DUAL4-INPUT OR GATE 


DECEMBER 1987 


© 1987 Integrated Device Technology, Inc, 
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I DT7M205S/I DT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8K x 9-BIT & 16K x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ABSOLUTE MAXIMUM RATINGS (1) 


SYMBOL 

RATING 

COMMERCIAL 

MILITARY 

UNIT 

Vterm 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

T a 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 

Tbias 

Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 

Tstg 

Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

•out 

DC Output Current 

50 

50 

mA 


NOTE: 


1 . Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V CCM 

Military Supply 

Voltage 

4.5 

5.0 

5.5 

V 

v ccc 

Commercial 

Supply Voltage 

4.5 

5.0 

5.5 

V 

GND 

Supply Voltage 

0 

0 

0 

V 

Mh (1) 

Input High Voltage 
Commercial 

2.0 


- 

V 

Mh 

Input High Voltage 
Military 

2.2 

- 

- 

V 

Ml (, » 

Input Low Voltage 
Commercial & 

Military 

- 

- 

0.8 

V 


NOTE: 

1. 1.5V undershoots are allowed for 10ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS 

(Commercial: Vcc= 5.0V ±10%, T A = 0°C to +70°C; Military: Vcc = 5V ±10%, T A = -55°C to + 125°C) 





IDT7M205S 



IDT7M205S 



SYMBOL 

PARAMETER 


IDT7M206S 

COMMERCIAL 



IDT7M206S 

MILITARY 


UNIT 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


l,L (1) 

Input Leakage Current (Any Input) 

-5 

- 

5 

-10 

- 

10 

jxA 

•ol (2) 

Output Leakage Current 

-10 

- 

10 

-10 

- 

10 

|±A 

Efl 

Output Logic *1’ Voltage Iout= -1mA 

2.4 

- 

- 

2.4 

- 

- 

V 

warn 

Output Logic "0" Voltage l 0 ur= 4mA 

- 

- 

0.4 

- 

- 

0.4 

V 

•cci< 3 > 

Average Vqq Power Supply Current 

- 

168 

264 

- 

224 

350 

mA 

m 

Average Standby Current 
(R = W = RST = FL/RT = V, H ) 

- 

32 

48 

- 

48 

100 

mA 

m 

Power Down Current 
(All Input = Vcc= -0.2V) 

- 

- 

32 

- 

- 

48 

mA 


NOTES: 

1. Measurements with 0.4 < y N < V 0UT . 

2. R > \fo. 0.4 < V 0UT < Vqc 

3. Icc measurements are made with outputs open. 
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I DT7M205S/I DT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8Kx 9-BIT & 16Kx 9-BIT 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

S 

II 

2 

> 

40 

pF 

Cqut 

Output Capacitance 

Vqut— OV 

60 

PF 


NOTE: 

1. This parameter is sampled and not 100% tested. 


AC ELECTRICAL CHARACTERISTICS « 

(Commercial: Vcc= 5V ±10%, T A = 0°Cto +70°C; Military: Vcc= 

5V ±10%, T a = 

-55° 

Cto +125°C) 







SYMBOL 

PARAMETER 

7M205S40 
7M206S40 
(COM’L ONLY) 
MIN. MAX. 

7M205S50 

7M206S50 

MIN. MAX. 

7M205S60 

7M206S60 

MIN. MAX. 

7M205S70 

7M206S70 

MIN. MAX. 

7M205S85 

7M206S85 

MIN. MAX. 

7M205S120 

7M206S120 

MIN. MAX. 

UNIT 

l RC 

Read Cycle Time 

50 

- 

65% 

,. - 

75 

- 

85 

- 

105 

- 

140 

- 


u 

Access Time 

- 

40 


•*50 

- 

60 

- 

70 

- 

85 

- 

120 

ns | 

l RR 

Read Recovery Time 

10 

- 

15% 

fi5sr - 

15 

- 

15 

- 

20 

- 

20 

- 


t R pw < 2 > 

Read Pulse Width 

40 

- 

5o; : 

Si - 

60 

- 

70 

- 

85 

- 

120 

- 


tRLZ < 3 > 

Read Pulse Low to Data Bus at Low Z 

5 

- 

10 

i “ 

10 

- 

10 

- 

10 

- 

10 

- 

ns | 

W 3 > 

Write Pulse High to Data Bus at Low Z 

10 

t : 5|| 

- 

15 

- 

15 

- 

20 

- 

20 



tov 


5 

_ # 

is-.-. 

- 

5 

- 

5 

- 

5 

- 

5 

- 


*RHZ <3) 

Read Pulse High to Data Bus at High Z 

- 

25 : ! 

30 

- 

30 

- 

30 

- 

30 

- 

35 

E 

^WC 

Write Cycle Time 

50 


65, 

- 

75 

- 

85 

- 

105 

- 

140 

- 


t W pw (2) 

Write Pulse Width 

40 

.§£& 

,50 

- 

60 

- 

70 

- 

85 

- 

120 

- 

ns 

twR 

Write Recovery Time 

10 


ll5 

- 

15 

- 

15 

- 

20 

- 

20 

- 

ns 

tos 

Data Set-up Time 

20 

S%; s§i 

; 30 

- 

30 

- 

30 

- 

40 

- 

40 

- 

ns 

*DH 

Data Hold Time 

o sn 

• 5 

- 

5 

- 

10 


10 

- 

10 

- 


^RSC 

Reset Cycle Time 

50 * 

. . . - -g 

65 

- 

75 

- 

85 

- 

105 

- 

140 

- 

S3 

*rs (2) 

Reset Pulse Width 

40 % 

' 1 

50 

- 

60 

- 

70 

- 

85 

- 

120 

- 

mm 

*RSR 

Reset Recovery Time 

10 11 

ijr 

15 

- 

15 

- 

15 

- 

20 

- 

20 

- 

ns | 

t E FL 

Reset to Empty Flag Low 

-Hi 

5b 

- 

65 

- 

75 

- 

85 

- 

105 

- 

140 


^REF 

Read Low to Empty Flag Low 

-i||s§ 

Oo 

- 

50 

- 

60 

- 

70 

- 

85 

- 

120 

■ 

*RFF 

Read High to Full Flag High 

*1 40 

- 

50 

- 

60 

- 

70 

- 

85 

- 

120 

ns I 

*WEF 

Write High to Empty Flag High 


if 40 

- 

50 

- 

60 

- 

70 

- 

85 

- 

120 

mm 

*WFF 

Write Low to Full Flag Low 

- 

40 

- 

50 

- 

60 

- 

70 

- 

85 

- 

120 

ns | 


NOTES: 

1 . Timings referenced as in AC Test Conditions. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design, not currently tested. 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

5ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 , 2 & 3 



D.U.T — 
6800 


Figure 1. Output Load 

‘Includes jig and scope capacitances. 
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IDT7M205S/IDT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8Kx 9-BIT & 16K x 9-BIT 


MILITARY ANDCOMMERCIALTEMPERATURE RANGES 


SIGNAL DESCRIPTIONS: 

INPUTS: 

DATA IN (Do - D«) 

Data inputs for 9-bit wide data. 

CONTROLS: 

RESET (RS) 

Reset is accomplished whenever the RESET (RS) input is 
taken to a low state. During RESET, both internal read and write 
pointers are set to the first location. A reset is required after 
power up before_a write operation can take place. Both the 
READ ENABLE (R) and WRITE ENABLE (W) inputs must be in 
the high state during reset. 

WRITE ENABLE (W) 

A write cycle is initiated on the failing edge of this input if the 
FULL FLAG (FF) is not set. Data set-up and hold times must be 
adhered to with respect to the rising edge of the WRITE ENABLE 
(W). Data is stored in the RAM array sequentially and independ- 
ently of any ongoing read operation. 

To prevent data overflow, the FULL FLAG (FF) will go low, in- 
hibiting further write operations. JJpon the completion of a valid 
read operation, the FULL FLAG (FF) will go high after t rff, allow- 
ing a valid write to begin. 

READ ENABLE (R) 

A read cycle is initiated on the falling edge of the READ EN- 
ABLE ( R) provided the EMPTY FLAG (EF) is not set. The data is 
accessed on a first-in/first-out basis independent of any ongo- 
ing write operations. After READ ENABLE (R) goes high, the 
Data Outputs (Qo through Q 8 ) will return to a high impedance 
condition until the next READ operation. When all the data has 
been read from the FIFO, the EMPTY FLAG (EF) will go low, in- 
hibiting further read operations with the data outputs remaining 
in a high impedance state. Once a validwrite operation has 
been accomplished, the EMPTY FLAG (EF) will go high after 
twEF and a valid READ can then begin. 


FIRST LOAD (FL) 

This pin is grounded to indicate that it is the first device. In the 
multiple module (depth expansion mode) application, this pin 
on the rest of devices should connect to Vcc for proper 
operation. 

EXPANSION IN (Xl)_ _ 

EXPANSION IN (XI) is connected to EXPANSION OUT (XO) 
of the previous (in depth expansion) or same device for proper 
application. 

OUTPUTS: 

FULL FLAG (FF) 

The FULL FLAG (FF) will go low, inhibiting further write op- 
eration, when the write pointer Is one location from the read 
pointer, indicating that the device is full. If the read pointer is not 
moved after RESET (RS), the FULL FLAG (FF) will go low after 
8,192 writes for the IDT7M205 and 16,384 writes for the 
IDT7M206. 

EXPANSION OUT (XO)^ 

_EXPANSION OUT (XO) is connected to the EXPANSION IN 
(XI ) of the same device (single device mode) or the EXPANSION 
IN (XI) of the next device (multiple device, depth expansion 
mode) for proper operation. This output acts as a signal to the 
next device by providing a pulse to the next device when the cur- 
rent device reaches the last location of memory. 

DATA OUTPUTS (Q 0 - Qa) 

Data outputs for 9-bit wide data. This output is in a high im- 
pedance condition whenever READ (R) is in a high state. 



NOTES: 

1. tqef- = tne + tpcq 

2. Wand R = V| H during RESET. 


Figure 2. RESET I 1,2 * 
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I DT7M205S/I DT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8K x 9-BIT & 16K x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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IDT7M205S/IDT7M206S CMOS PARALLEL 

IN-OUT FIFO MODULE 8Kx 9-BIT & 16Kx 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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ID17M205S/IDT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8K x 9-BIT & 16K x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


OPERATING MODES: 

SINGLE DEVICE MODE 

A single IDT7M205/206 may be used when the application re- 
quirements are for 8,1 92/16,384 words or less. The IDT7M205/206 
is in a Single Device Configuration when the EXPANSION IN (XI) 
control input is connected to the EXPANSION OUT (XO) of the de- 
vice and the FIRST LOAD (FL) control pin is grounded (see 
Figure 8). 


EXPANSION OUT (XO) 



■ 




IDT 

7M205/6 









*~jJFC) FIRST LOAD 

1 

L ^rz 


EXPANSION IN (XI) 


Figure 8. Block Diagram of Single IDT7M205206 FIFO 


DEPTH EXPANSION (DAISY CHAIN) MODE 

The I DT7M 205/206 can easily be adapted to applications when 
the requirements are for greater than 8,192/16,384 words. Figure 
10 demonstrates Depth Expansion using three IDT7M205/206. 
Any depth can be attained by adding additional IDT7M205/206s. 
The IDT7M205/206 operate in the Depth Expansion configuration 
when the following conditions are met: 

1. The first_device must be designated by grounding the FIRST 
LOAD (FL) control input. 

2. All other devices must have FL. in the high state. 

3. The EXPANSION OUT (XO) pin of each device must be tied to 
the EXPANSION IN (XI) pin of the next device. (See Figure 10.) 

4. External logic is needed to generate a composite FULL FLAG 
(FF) and EMPTY FLAG (EF). This requires the logical ANDing of 
all EFsand logicalANDingofa.il FFsJi.e. all must be set to gen- 
erate the correct composite FF or EF). (See Figure 10.) 

COMPOUND EXPANSION MODE 

The two expansion techniques described above can be applied 
together in a straightforward manner to achieve large FIFO arrays. 
(See Figure 11.) 

BIDIRECTIONAL MODE 

Applications which require data buffering between two systems 
(each system capable of READ and WRITE operations) can be 
achieved by pairing IDT7M205/206s as shown in Figure 12. Care 
must be taken to assure that the appropriate flag is monitored by 
each system (i.e. FF is monitored orrthe device where W is used; 
EF is monitored on the device where R is used) . Both Depth Expan- 
sion and Width Expansion may be used in this mode. 


DATA FLOW-THROUGH MODES 


WIDTH EXPANSION MODE 

Word width may be increased simply by connecting the corre- 
sponding input control signals of multiple devices. Status flags (EF 
and FF) can be detected from any one device. Figure 9 demon- 
strates an 18-bit word width by using two IDT7M205/206s. Any 
word width can be attained by adding additional IDT7M205/206s. 


Two types of flow-through modes are permitted with the 
IDT7M205/206: a read flow-through mode and write flow-through 
mode. For the read flow-through mode (Figure 13), the FIFO per- 
mits a reading of a single word of data immediately after writing one 
word of data into the completely empty FIFO. 

In the write flow-through mode (Figure 14), the FIFO permits a 
writing of a single word of data immediately after reading one word 
of data from a completely full FIFO. 


DATA IN (D) 


m 


WRITE (W)- 

FULL FLAG (FF) 


RESET (RS)- 


51 


(XO) 


IDT 

7M205/6 


t 


(FQ-i 

9/ _L 


* 


(XI) 


a 


l(XO) 


IDT 

7M205/6 


^ (XI) 


(E) READ 


(FF) EMPTY FLAG 


EuT 




(FQ FIRST LOAD 


NOTE: 




(Q) DATAqut 


Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. Do not connect any 
output control signals together. 


Figure 9. Block Diagram of 8,192 x 18/16,384 x 18 FIFO Memory Used In Width Expansion Mode 










I DT7 M205S/I DT7M206S CMOS PARALLEL 
IN-OUT FIFO MODULE 8K x 9-BIT & 16K x 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


TRUTH TABLES 
TABLE I- RESET - 

SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Reset 

0 

0 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

0 

Increment! 1 ) 

Increment! 1 ) 

X 

X 


NOTE: 

1 . Pointer will increment if flag is high. 


TABLE II -RESET AND FIRST LOAD TRUTH TABLE - 
DEPTH EXPANSION/COMPOUND EXPANSION MODE 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

Reset-First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

Reset all Other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

Read/Write 

1 

X 

(1) 

X 

X 

X 

X 


NOTES: __ 

1. XI is connected to XO of previous device. See Figure 10. 

2. RS = Reset Input FL = First Load, EF = Empty Flag Output, FF = Full Flag Output, Xi = Expansion Input. 



Figure 10. Block Diagram of 24,576 x 9/49,152 x 9 FIFO Memory (Depth Expansion) 
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IN-OUT FIFO MODULE 8K X 9-BIT & 16Kx 9-BIT 
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IN-OUT FIFO MODULE 8K x 9-BIT & 16K X 9-BIT 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ORDERING INFORMATION 





IDT7M824 

FAMILY 



1 MEGABIT (128K x 8) 
REGISTERED/BUFFERED/ 
LATCHED CMOS STATIC RAM 
SUBSYSTEMS 


FEATURES: 

• High-density 1024K-bit (128K x 8-bit) CMOS static RAM 
modules with registered/buffered/latched addresses and I/Os 

• High-speed registered access time: 

— Military temperature range: 60ns (max.) 

— Commercial temperature range: 50ns (max.) 

• 20MHz read cycle time 

• Low power consumption (typ.) 

— Active: 1.5W 

— Standby: 75mW 

• Low input capacitance (typ.): input 20pF; output 25pF 

• High output drive (min.): Iol = 48mW; Ioh = -15mA 

• Available in 64-pin, 900 mil centre sidebraze DIP (with LCCs 
on both sides), achieving very high memory density 

• Module select output 

• Separate inputs and outputs 

• Clear data and clock enables on all registers 

• Address, input and outputs on separate clocks or latch 
enables 

• Registered write enable 

• Internal bypass capacitors for minimizing power supply noise 

• TTL-compatible; single 5V (±10% ) power supply 

• Five GND pins for maximum noise immunity, five Vcc pins 

• Military grade module available with semiconductor 
components compliant to the latest revision of MIL-STD-883, 
Class B 


DESCRIPTION: 

The IDT7M824 family is a set of 1024K-bit (128K x 8-bit) high- 
speed CMOS static RAM modules with registered/buffered/ 
latched addresses and I/Os. They are constructed on co-fired, 
multi-layered ceramic substrates with sidebrazed leads using 
16 1DT71981 (16K x 4) static RAMs, IDT logic devices and decou- 
pling capacitors. Devices in leadless chip carriers are mounted top 
and bottom for maximum density. 

Extremely high speeds are achievable by the use of IDT71981s 
and logic devices fabricated in IDT’s high-performance, high- 
reliability CEMOS ™ technology. This state-of-the-art technology, 
combined with innovative circuit design techniques, provides the 
fastest circuits possible. The 1DT7M824 has registered access 
times of 50ns (max.) over the commercial temperature range and 
can be operated with cycle times as fast as 20MHz. 

Designing with this device can be very flexible because of such 
features as module select output and clock enables on all regis- 
ters, registered write enable and 8-bit separate inputs and outputs. 
Because of the proprietary IDT49C801, the modules are cas- 
cadable in terms of depth with no additional external decoding. 
The write enable can be turned off when the module is deselected. 
Immunity to noise has been extended with such features as 8-bit 
separate inputs and outputs; addresses, inputs, and outputs on 
separate clocks; internal decoupling capacitors; five ground pins 
and five Vcc pins. 

The semiconductor components used on all IDT military mod- 
ules are manufactured incompliance with the latest revision of 
MIL-STD-883, Class B, marking them ideally suited to applications 
demanding the highest level of performance and reliability. 


FUNCTIONAL BLOCK DIAGRAM 



Dl (0: 7) DO (0: 7) 


PRODUCT SELECTOR GUIDE 


PART NO. 

I/O AND ADDRESS FEATURES 

ADDRESS 

BUS 

INPUT 
DATA BUS 

OUTPUT 
DATA BUS 

IDT7M820 

L/B 

L/B 

L/B 

IDT7M821 

L/B 

R 

R 

IDT7M822 

L/B 

R 

L/B 

IDT7M823 

L/B 

L/B 

R 

IDT7M825 

R 

R 

R 

IDT7M826 

R 

R 

L/B 

IDT7M827 

R 

L/B 

R 

IDT7M828 

R 

L/B 

L/B 


NOTES: 


1. L/B = LATCHED/BUFFERED 
R = REGISTERED 

2. For module dimensions, please refer to module drawing M8 in the 
packaging section. 


CEMOS is a trademark of Integrated Device Technology, Inc. 
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IDT7M824 FAMILY 1 MEGABIT (128Kx 8) REGISTERED/BUFFERED/ 
LATCHED CMOS STATIC RAM SUBSYSTEMS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN NAMES 


NAME 

DESCRIPTION 

> 

O 

1 

_> 

Addresses 

Dl 0 - Dl r 

Data input 

DOq "• DO j 

Data output 

CLRDIN 

Data input clear 

CPDIN/LEDIN 

Data input register clock/latch enable 

ENDIN/PREDIN 

Data input register clock enable/latch preset 


Output enable 

CPDOUT/LEDOUT 

Data output register clock/latch enable 


Data output register clock enable/iatch preset 


Chip select 

WE 

Write enable 

SET 

Select output 

LE/CP 

Latch enable/clock pulse control input 

CE/GND 

Clock enable/ground 

REG/UftT 

Register/latch (low active) input control 

v cc 

Power 

GND 

Ground 


CAPACITANCE (t a = +25 °c, f = i.omhz) 


SYMBOL 

PARAMETER* 1 ) 

CONDITIONS | 

TYP. 

UNIT 

C|N 

Input Capacitance 

■ 

20 

pF 

C 0UT 

Output Capacitance 

V 0U T= 0V 

25 

PF 


NOTE: 

1 . This parameter is sampled and not 100% tested. 


ABSOLUTE MAXIMUM RATINGS (1) 



RATING 

COMMERCIAL 

MILITARY 

BIKMIil 

V TERM 

Terminal Voltage 
with Respect to 
GND 

-0.5 to +7.0 

-0.5 to +7.0 

V 

m 

Operating 

Temperature 

Oto +70 

-55 to +125 

°c 


Temperature 

Under Bias 

-55 to +125 

-65 to +135 

°c 


Storage 

Temperature 

-55 to +125 

-65 to +150 

°c 

*OUT 

DC Output Current 

120 

120 

mA 


NOTE: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect reliability. 
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IDT7M824 FAMILY 1 MEGABIT (128Kx 8) REGISTERED/BUFFERED/ 
LATCHED CMOS STATIC RAM SUBSYSTEMS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DC ELECTRICAL CHARACTERISTICS 

Following Conditions Apply Unless Otherwise Specified: 

T a = -55° C to +125°C Vcc = 5.0V ± 10% Min. = 4.50V Max. = 5.50V (Military) 

V LC = 0.2V 

Vhc = Vcc - 0 2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

typ.< 1 2 > 

MAX. 

UNIT 

V, H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 

- 

- 

V 

V,L 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

'|H 

Input HIGH Current 

V G c = Max., Vin =Mdc 

- 

- 

5 

pA 

IlL 

Input LOW Current 

IWffil— — ■ — — 

- 

- 

-5 

pA 

'sc 

Short Circuit Current 

V cc = Max.< 3 > 

-60 

-120 

- 

mA 

B 

Output HIGH Voltage 

Vcc = 3V, V IN = V LC or Vhc- 'oh = - 32pA 

■Hi 

Vcc 

- 

V 

if 

11 II 

Iqh “ -300pA 

■Ji 


- 

Iqh — -12mA MIL. 

mm 

mm 

- 

lo H = -15mA COM'L 

mm 

■Ql 

- 

V OL 

Output LOW Voltage 

Vcc - 3V, Vn — V L c or V HC , Iql - 300 pA 

- 

GND 

— 

V 

RPB 

Iol = 300pA 

- 

GND 

Vlc 

b L = 32mA MIL. 

- 

- 

0.4 

Iql = 48mA COM'L. 

- 

- 

0.5 

'cci 

Operating Power Supply Current 

US - V IL 

Vcc = Max., Output Open 
f = 0 

■ 

300 

600 

mA 

B 

Dynamic Operating Current 

C5 = V| L 

V cc = Max., Output Open 

f = f MAX 

■ 

320 

650 

mA 

n 

Standby Power Supply Current 

C3 ^ V IH 

V cc = Max. 

Output Open, f = f MAX 

■ 

15 

330 

mA 


NOTES: 


1 . For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at V^ = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 



































































IDT7M824 FAMILY 1 MEGABIT (128Kx8) REGISTERED/BUFFERED/ 
LATCHED CMOS STATIC RAM SUBSYSTEMS 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT49C801 

REGISTERED/LATCHED DECODER 

The IDT49C801 is a proprietary IDT gate array that includes a 
138-type 1-of-8 decoder, as well as latches and registers for all in- 
puts and controls for WRITE ENABLE ( WE ). Th e latch or register 
mode is controlled by a single input, REG/LAT. 

With the IDT49C801 in the Latch mode, the three address and 
the three chip select inputs are latched by a 373-type latch. When 
LE is high, the latch is transparent and, when LE goes low, all data 


that meets the required set-up time is latched. The WE input is not 
latched but it is gated by the result of the three chip select inputs. 
With the IDT49C801 in the Register mode, the three address and 
chip select inputs are registered by a 377-type register. All data that 
meets the set-up time requirements before the rising edge of CP 
will be transferred to the output of th e reg ister provided Clock En- 
able (CE) is asserted. In this mode, WE is also registered but the 
output of its register is gated with CP so that when CP goes low, the 
output of WE is applied to the RAMs. 



IDT49C802 

UNIVERSAL PULL-UP/DOWN RESISTORS 

The I DT49C802 is a proprietary gate array that has 1 8 selectable 
pull-up or pull-down resistors, only eight of which are used on 


these parts. The purpose of the pull-down resistor, as used in these 
parts, is to prevent the RAM DO pins from floating when the RAM 
array is deselected. When the RAM array is selected, the pull-down 
resistor is inhibited. The value of the resistors is approximately 
15KC1. 




13-171 





128K x 8 SRAM WITH LATCHED/ 
BUFFERED ADDRESS LINES AND 
LATCHED/BUFFERED DATA LINES 


IDT7M820 


FEATURES: 

• Latched and buffered address lines 

• Latched and buffered input data lines 

• Latched and buffered output data lines 

• Separate I/O 

• High-speed access time: 

— Military temperature range: 55ns (max.) 

— Commercial temperature range: 45ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M820 is a 128K x 8 RAM with latched address, latched 
DATAin and latched DATAoirr lines. Each of the three buses has 
its own Latch Enable (LE), allowing the latch to be used as a buffer 
by connecting the appropriate LE to Vcc. 

Address, Write Enable and the three chip select lines are con- 
trolled by LE. When LE is high, the address latches and decoder 
are_transparent, or in the buffer mode. All address, Chip Select 
(CS) and Write Enable ( WE ) data that meets the specified set-up 
time will be latched when LE goes low. 


DATAin is controlled by its own enable, LEDIN. With this line in 
the high state, the latch is in the transparent or buffer mode. All 
DATAin that me ets the sp ecifi ed set-up time will be latched when 
LEDIN goes low. PREDIN and CLRDIN are asynchronous controls 
that can be used to preset or clear the DATAin latch. The preset 
function overrides the clear so that, with both asserted, the latch 
will be preset. 

DATAout is controlled by its own enable, LEDOUT. With this 
line in the high state, the latch is in the transparent or buffer 
mode. DATAout of the RAM array that meets the set-up time 
requiremen ts will be la tched when LEDOUT goes low. 
PREDOUTand CLRDOUT are asynchronous controls that can be 
used to preset or clear the DATAout latch. The preset function 
overrides the clear so that, with both asserted, the latch will be 
preset. There are three active low output enables for DATAout. 
Unless all three of these lines are asserted, the output will be in the 
high i mped ance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


GND 

Ao 

Ai 

A 2 

A3 

GND 


S5i 


CS, 


Dli 

Dl 2 

Dl 3 

Dl 4 

Dl 5 

Dl e 

Dly 

GND 


AD (0: 13) 


c 

1 

64 

□ 

Vcc 

c 

2 

63 

□ 

Ag 

c 

3 

62 

3 

A 10 

c 

4 

61 

□ 

An 

c 

5 

60 

=1 

Ai 2 

c 

6 

59 

□ 

Vcc 

c 

7 

58 

□ 

A 13 

c 

8 

57 

□ 

A 14 

c 

9 

56 

□ 

Al5 

c 

10 

55 

□ 

A 16 

c 

11 

54 

□ 

Vcc 

c 

12 

53 

□ 

LE 

c 

13 

52 

□ 

GND 

c 

14 

51 

□ 

GND 

c 

15 

50 

3 

OE 3 

n 

16 M8 

49 

3 

Vcc 

c 

17 

48 

3 

PREDOUT 

n 

18 

47 

3 

LEDOUT 

c 

19 

46 

□ 

CLRDOUT 

c 

20 

45 

3 

oe 2 

c 

21 

44 

3 

SEt 

c 

22 

43 

3 

Vcc 

c 

23 

42 

3 

SET 

c 

24 

41 

3 

DOo 

c 

25 

40 

□ 

DOi 

c 

26 

39 

□ 

DCfc 

c 

27 

38 

□ 

DO 3 

c 

28 

37 

□ 

DO 4 

c 

29 

36 

□ 

D0 5 

□ 

30 

35 

3 

DOe 

c 

31 

34 

3 

DO 7 

q 

32 

33 

3 

Vcc 


A (0: 13) 



A (14: 16) 


SSi 


CS 2 


CS 3 


WE 


I DECODER I 

A<}-2 

WES 

CSi 

■1*A 

On 7 

CS2 

'“'0-7 

cs 3 


WET 


EEC 

LE 

| R/L GND | 


n 1 



n 1 


RAM 1 

>— 1 

C 

RAM 9 


RAM 2 

>- 

C 

RAM 10 


RAM 3 

>— 

— c 

RAM 11 


RAM 4 

>— 

— c 

RAM 12 


RAM 5 


— c 

RAM 13 


RAM 6 

>— 

— c 

RAM 14 


RAM 7 

3 — 

— c 

RAM 15 


RAM 8 

>- 

— C 

RAM 16 


16 x IDT71981 
(16K x 4s) 
STATIC RAM 
ARRAY 


GND 

>ML 

GND 

LE 


DIP 

TOP VIEW 


Dl (0: 7) 


CEMOS is a trademark of Integrated Device Technology, Inc. 



DO (0: 7) 


LEDIN I CLRDlN 
PREDIN 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT7M820 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


4800 


DATAoirr ■ 


2550 : 


i 30pF 


5V 


DATA out 


2550 : 


4800 
T 5 P F * 


Figure 1. Output Load Figure 2. Output Load 

(for t 0HZ ) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V±io%,T A =o°cto +70°cand-55°cto + i25°C) 


SYMBOL 

PARAMETER 

IDT7M820S45 
(COM’L ONLY) 

MIN. MAX. 

IDT7M820S55 

MIN. MAX. 

IDT7M820S70 

MIN. MAX. 

UNIT 

READ CYCLE 

'aa 

Address. £5 Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ADS 

Address, £5 to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns.:, 

l ADH 

Address, £5 from LE Hold Time 

2 

- 

2 

- 

3 

- 


^LEDO® 

DATAout Latch Enable from Address, £5 

- 

36 

- 

40 

- 

55 

ns 

l OE 

£E to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

t 0 HZ< 3 > 

£E to High Z 

- 

7 

- 

9 

- 

15 

ns 

WRITE CYCLE 

*AW 

Address, £5 to End of Write 

31 

- 

41 

55 

- 

ns 

*WP 

Write Pulse Width 

27 

- 

37 

- 

50 

- 

ns 

*ads 

Address, £3 to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns 

*ADH 

Address, £3 from LE Hold Time 

2 

- 

2 

- 

3 

- 

ns 

^DW 

Data Valid to End of Write 

26 

- 

36 

- 

50 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Latch Enable signal arriving after this maximum will delay overall access time (t^) 

3. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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IDT7M820 1 MEGABIT (128KX8) CMOS STATIC RAM SUBSYSTEM MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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128K x 8 SRAM WITH LATCHED/ 


IDT7M821 



FEATURES: 

• Latched/buffered address lines 

• Registered input data lines 

• Registered output data lines 

• Separate I/O 

• High-speed access time: 

- Military temperature range: 55ns (max.) 

— Commercial temperature range: 45ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M821 is a 128K x 8 RAM with latched address, regis- 
tered DATAin and registered DATAout lines. The address latch 
can be used as a buffer by connecting its Latch Enable LE to Vcc. 


Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by LE. When LE is high, the address latches 
and decoder are transparent or in the buffer mode. All address, CS 
and WE data that meets the specified set-up time will be latched 
when LE goes low. 

DATAin is controlled by its own clock, CPDIN. When ENDIN 
(clock enable) is asserted, all DATAin data that meets the speci- 
fied set- up time will be registered on the rising edge of CPDIN. 
CLRDIN is an asynchronous control that can be used to clear the 
DATAin register. 

DATAout is controlled by its own enable, CPDOUT. When 
ENDOUT (clock enable) is asserted, all data out of the RAM array 
that meets the set-up tim e requireme nts will be registered on the 
rising edge of CPDOUT. CLRDOUT is an asynchronous control 
that can be used to clear the DATAout register. There are three 
active low output enables for DATAout. Unless all three of these 
lines are asserted, the output will be in the high impedance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


AD (0: 13) 



A (0: 13) 



A (14: 16) 


CSi 


END-OUT 

cpout 

CLRDOUT 

OE 2 

OEi 

Vcc 

SET 

DOo 

DOi 

DO 2 

D0 3 

D0 4 

D0 5 

DOe 

DO 7 

Vcc 


CS 2 


cs 3 


DECODER 

Aq-2 

WEO 

OSi 


OS 2 

Co -7 

CS 3 


WET 


SET 

LE 

| R/L GND ! 


RAMI t> 


RAM 2 P 


RAM 3 


RAM 4 p- 


RAM 5 t> 


RAM 6 


RAM 7 


RAM 8 t> 


RAMSEL 

!2lZL 


RAM 

9 

RAM 

10 

RAM 

11 

RAM 

12 

RAM 

13 

RAM 

~W~ 

RAM 

15 

RAM 

16 


D (0: 7) 


16 x IDT71981 
(16K x 4s) 
STATIC RAM 
ARRAY 



Dl (0: 7) 


■ DO (0: 7) 


CEMOS is a trademark of Integrated Device Technology, Inc. 
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IDT7M821 1 MEGABIT (128KX 8) CMOS STATIC RAM SUBSYSTEM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA out 


2550 


4800 
y 30pF 


5V 


DATA 0 u T 

2550 



Figure 1. Output Load Figure 2. Output Load 

(for t 0HZ ) 


* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V±10%, T A =0°C to + 70°C and -55°Cto +125°C) 


SYMBOL 

PARAMETER 

IDT7M821S45 
(COM’L ONLY) 

MIN. MAX. 

IDT7M821S55 

MIN. MAX. 

IDT7M821S70 

MIN. MAX. 

UNIT 

READ CYCLE* 1 ’ 

*AA 

Address. £3 Access Time 

- 

45 

- 

55 

- 

70 

ns 

Uds 

Address, £3 to LE Set-up Time 

2 

- 

2 


2 

- 

ns 

l ADH 

Address, £3 from LE Hold Time 

2 

- 

2 


3 

- 

ns 

*CPO 

DATA out Clock from Address, £3 

36 

- 

45 

- 

57 

- 

ns 

*EDS 

DATAqut Clock Enable to Clock Set-up Time 

3 

- 

3 

- 

3 

- 

ns 

*EDH 

DATA 0UT Clock Enable from Clock Hold Time 

0 

- 

0 

- 

2 

- 

ns 

*0E 

£E to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

t0HZ< 2 > 

CE to High Z 

- 

7 

- 

9 

- 

15 

ns 

l CP0 

DATA out Clock to Data Valid 

- 

8 

- 

10 

- 

13 

ns 

WRITE CYCLE 

l AW 

Address, £3 to End of Write 

31 

- ... 

45 

- 

55 

- 

ns 

*WP 

Write Pulse Width 

27 

- 

35 

- 

45 

- 

ns 

*ADS 

Address, £3 to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns 

l ADH 

Address, £3 from LE Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*EDS 

DATA, n Clock Enable to Clock Set-up Time 

3 

- 

3 

- 

3 

- 

ns 

*EDH 

DATA, n Clock Enable from Clock Hold Time 

0 

- 

0 

- 

2 

- 

ns 

*0S 

DATA, n to DATA | N Clock Set-up Time 

3 

- 

5 

- 

5 

- 

ns 

*DH 

DATAin from DATA | N Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*CDW 

DATA,n Clock to End of Write Cycle 

27 

- 

31 

- 

40 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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IDT7M822 



128K x 8 SRAM WITH LATCHED/ 
BUFFERED ADDRESS LINES, 
REGISTERED DATA iN LINES AND 
LATCHED/BUFFERED DATA 0UT LINES 


FEATURES: 

• Latched and buffered address lines 

• Registered input data lines 

• Latched and buffered output data lines 

• Separate I/O 

• High-speed access time: 

— Military temperature range: 55ns (max.) 

- Commercial temperature range: 45ns (max.) 

• 20 MHz read/write cycle time 

DESCRIPTION: 

The IDT7M822 is a 128K x 8 RAM with latched address, regis- 
tered DATAin and latched DATAout lines. The address and 
DATAin latches have independent latch enables (LE) allowing the 
latch to be used as a buffer by connecting its Latch Enable LE to 

Vex:. 

Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by LE. When LE is high, the address latches 
and decoder are transparent or in the buffer mode. All address, 


CS and WE data that meets the specified set-up time will be 
latched when LE goes low. 

DATAin is controlled by its own clock, CPDIN. When ENDIN 
(clock enable) is asserted, all DATAin data that meets the speci- 
fied set-u p time req uirements will be registered on the rising edge 
of CPDIN. CLRDIN is an asynchronous control that can be used to 
clear the DATAin register. 

DATAout is controlled by its own enable, LEDOUT. With this 
line in the high state, the latch is in the transparent or buffer mode. 
Data out of the RAM array that meets the set-up ti me requirem ents 
will be latched when LEDOUT goes low. PREDOUT and 
CLRDOUT are asynchronous controls that can be used to preset or 
clear the DATAout latch. The preset function overrides the clear so 
that, with both asserted, the latch will be preset. There are three ac- 
tive low output enables for DATAout. Unless all three of these lines 
are asserted, the output will be in the high impedance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


AD (0: 13) 


C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 


GND q 1 
a 0 q 2 

Ai 
A 2 
A3 
GND 
A4 
A 5 
Ae 
A 7 
GND 
As 
WE 
CSi 
CS 2 
GND 
CS 3 
GND 
GND 
CLRDIN 
CPDIN 
GND d 22 
ENDIN C 23 
Dio C 24 
Dl, C 25 
Dl 2 C 26 
Dl 3 C 27 
Dl 4 C 28 
Dl 5 C 29 
Dl e C 30 
Dl 7 C 31 
GND C 32 


C 20 
C 21 


M 8 


64 

□ Vcc 

63 

□ Aq 

62 

□ A 10 

61 

□ An 

60 

□ a , 2 

59 

□ Vcc 

58 

□ A 13 

57 

□ Al4 

56 

□ A 15 

55 

□ A 10 

54 

□ Vcc 

53 

□ LE 

52 

□ GND 

51 

□ GND 

50 

□ ge 3 

49 

33 Vcc 

48 

□ PREDOUT 

47 

□ LEDOUT 

46 

□ CLRDOUT 

45 

□ ce 2 

44 

□ DEi 

43 

33 Vcc 

42 

□ SEE 

41 

□ DOo 

40 

3 DOi 

39 

□ DOs: 

38 

□ DO 3 

37 

□ D0 4 

36 

13 DO 5 

35 

□ DOe 

34 

□ DOy 

33 

□ Vcc 


DIP 

TOP VIEW 


CEMOS is a trademark of Integrated Device Technology, Inc. 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DECEMBER 1987 


1987 Integrated Device Technology. Inc. 


13-178 


DSC-7000/- 





IDT7M822 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATA out — 

2550 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


DATA out — 
2550 




Figure 1. Output Load 


Figure 2. Output Load 
(for t 0HZ ) 


including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V±io%,T A =o°cto +70°Cand -55°cto +i25°C) 


SYMBOL 

PARAMETER 

IDT7M822S45 
(COM’L. ONLY) 

MIN. MAX. 

IDT7M822S55 

MIN. MAX. 

IDT7M822S70 

MIN. MAX. 

UNIT 

READ CYCLE* 1 ' 

*AA 

Address, C3 Access Time 

- 

45 

- 

55 

- 

70 

ns 

*ADS 

Address, CS to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns 

*ADH 

Address, S3 from LE Hold Time 

2 

- 

2 

- 

3 

- 

ns 

tLED0 (2) 

DATAom Latch from Address. CS 

- 

36 

- 

40 

- 

55 

ns 

l OE 

OE to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

t0H2* 3 ' 

C5E to High Z 

- 

- 

9 

- 

15 

ns 

WRITE CYCLE 

*AW 

Address, CS to End of Write 

31 

- 

45 

- 

55 

- 

ns 

*WP 

Write Pulse Width 

27 

- 

35 

- 

45 

- 

ns 

*ADS 

Address, S3 to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns 

*ADH 

Address, S3 from LE Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*EDS 

DATA| N Clock Enable to Clock Set-up Time 

3 

- 

3 

- 

3 

- 

ns 

*EDH 

DATA| N Clock Enable from Clock Hold Time 

0 

- 

0 

- 

2 

- 

ns 

*DS 

DATA| N to DATA | N Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

mm 

DATAin from DATA in Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*CDW 

DATAin Clock to End of Write Cycle 

27 

- 

31 

- 

40 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Latch Enable signed arriving after this maximum will delay overall access time (t/^). 

3. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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IDT7M823 



128K x 8 SRAM WITH LATCHED/ 
BUFFERED ADDRESS LINES, 
LATCHED/BUFFERED DATAm LINES 
AND REGISTERED DATA out LINES 


FEATURES: 

• Latched and buffered address lines 

• Latched and buffered input data lines 

• Registered output data lines 

• Separate I/O 

• High-speed access time: 

- Military temperature range: 55ns (max.) 

- Commercial temperature range: 45ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M823 is a 128K x 8 RAM with latched address, latched 
DATAin and registered DATAout lines. The address and DATAout 
latches have independent latch enables, allowing the latch to be 

used as a buffer by connecting its Latch Enable (LE) to Vcc. 

Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by LE. When LE is high, the address latches 
and decoder are transparent, or in the buffer mode. All address, 
CS and WE data that meets the specified set-up time will be 
latched when LE goes low. 


DATAin is controlled by its own enable, LEDIN. With this line in 
the high state, the latch is in the transparent or buffer mode. All 
DATAin data that meet s the spe cifie d set-up t ime will be latched 
when LEDIN goes low. PREDIN and CLRDIN are asynchronous 
controls that can be used to preset or clear the DATAin latch. The 
preset function overrides the clear so that, with both asserted, the 
latch will be preset. 

DATAout is controlled by its own clock, CPDOUT. When 
ENDOUT (clock enable) is asserted, all data out of the RAM array 
that meets the set-up tim e requireme nts will be registered on the 
rising edge of CPDOUT. CLRDOUT is an asynchronous control 
that can be used to clear the DATAout register. There are three ac- 
tive low output enables for DATAout. Unless all three of these lines 
are as serted , the output will be in the high impedance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


AD (0: 13) 


GND 

A 4 

A5 


GND C 1 
A 0 C 2 
Ai C 3 
A 2 C 4 
As C 5 
C 6 
C 7 
C 8 
Ae C 9 
Ay C 10 
GND C 11 
As C 12 
WE C 13 
CSi 1= 14 
CS 2 C 15 
GND C 16 
CS 3 1= 17 
GND C 18 
GND C 19 
CLRDIN C 20 
LEDIN C 21 
GND C 22 
PREDIN C 23 
Dio □ 24 
Dh 
Dl; 


64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 p 


M8 


C 25 
C 26 
Dl 3 C 27 
DU 
Die 
DU 
Dly 
GND 


C 28 
C 29 
C 30 
C 31 
C 32 


46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 p 
34 □ 


Vcc 

Ag 

Aio 

An 

A 12 

Vcc 

A13 

Ai4 

Al5 

AlS 

Vcc 

LE 

GND 

GND 


A (0: 13) 



A (14: 16) 


50 □ OE 3 
49 □ Vcc 
48 □ ENDOUT 
47 □ CPOUT 
CLRDOUT 
OE 2 


CSi 


CS 2 


CS 3 


WE 


OEi 
Vcc 
EEC 
DOo 
DOi 
DO 2 
DO 3 
D0 4 
D0 5 
DOs 
DOy 
33 p Vcc 


DECODER 
Ag_ 2 WEO 


Oo-i 


CS 1 
CS 2 

cs 3 

WET 

SEE LE 
R/E GND 


RAM 1 


RAM 2 


RAM 3 t> 


RAM 4 


RAM 5 


RAM 6 t> 


RAM 7 p 


RAM 8 p 


RAMSEL 

2LZL 


0(0:7) 


PULL UP 


RAM 

9 

RAM 

ItT 

RAM 

11 

RAM 

12 

RAM 

13 

RAM 

14~ 

RAM 

15 

RAM 

16 


DIP 

TOP VIEW 



16 x IDT71981 
(16Kx4s) 
STATIC RAM 
ARRAY 


Y (0: 7) 



Dl (0: 7) 


LEDIN 


f 

CLRDIN 


PREDIN 
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L 

REGISTER 
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CPDOUT 
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ENDOUT 
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CLRDOUT 
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IDT7M823 1 MEGABIT (128K x 8) CMOS STATIC RAM SUBSYSTEM MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


4800 


DATA out ■ 


2550 


f 30pF 


5V 


4800 


DATAqui ■ 


2550 : 


T 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for t 0HZ ) 


* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V±10%, T a =0°Cto +70°C and -55°Cto +125°C) 


SYMBOL 

PARAMETER 

IDT7M823S45 
(COM’L ONLY) 

MIN. MAX. 

IDT7M823S55 

MIN. MAX. 

IDT7M823S70 

MIN. MAX. 

UNIT 

READ CYCLE 0 ’ 

*AA 

Address, £5 Access Time 

- 

45 

- 

55 

- 

70 

ns 

’ADS 

Address, <55 to LE Set-up Time 

2 

- 

2 


2 

- 

ns 

’aDH 

Address, £5 from LE Hold Time 

2 

- 

2 

- 

3 

ns 

tcro 

DATA out Clock from Address, £5 

36 

- 

45 

- 

57 

- 

ns 

’EDS 


3 

- 

3 

- 

3 

- 

ns 

’eDH 

DATAout Clock Enable from Clock Hold Time 

0 

- 

0 

- 

2 

- 

ns 

’oE 

£E to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

’oHZ< 2 > 

£E to High Z 

- 

7 

- 

9 

- 

15 

ns 

’cPO 

DATA 0ljr Clock to Data Valid 

- 

8 

- 

10 

- 

13 

ns 

WRITE CYCLE 

’aw 

Address, £5 to End of Write 

31 

- 

41 

- 

55 

- 

ns 

’wp 

Write Pulse Width 

27 

- 

37 

- 

50 

- 

ns 

’ads 

Address. £5 to LE Set-up Time 

2 

- 

2 

- 

2 

- 

ns 

’adh 

Address, £5 from LE Hold Time 

2 

- 

2 

- 

3 

- 

ns 

’dw 

Data Valid to End of Write 

26 

- 

36 

- 

50 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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IDT7M823 1 MEGABIT (128K x 8) CMOS STATIC RAM SUBSYSTEM MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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FEATURES: 

• Registered address lines 

• Registered input data lines 

• Registered output data lines 

• Separate I/O 

• High-speed access time: 

- Military temperature range: 60ns (max.) 

- Commercial temperature range: 50ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M825 is a 128K x 8 RAM with registered address, regis- 
tered DATAin and registered DATA out lines. Each of the three 
buses has its own independent clock. 


Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by CP. When CE (clock enable) is asserted, all 
address, CSand WE data that meetsthe specified set-up time will 
be registered on the rising edge of CP. 

DATAin is controlled by its own clock, CPDIN. When ENDIN 
(clock enable) is asserted, all DATAin data that meets the speci- 
fied set- up time will be registered on the rising edge of CPDIN. 
CLRDIN is an asynchronous control that can be used to clear the 
DATAin register. 

DATA o ut is controlled by its own clock, CPDOUT. When 
ENDOUT (clock enable) is asserted, all data out of the RAM array 
that meets the set-up tim e requireme nts will be registered on the 
rising edge of CPDOUT. CLRDOUT is an asynchronous control 
that can be used to clear the DATAout register. There are three ac- 
tive low output enables for DATAout- Unless all three of these lines 
are as serted , the output will be in the high impedance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


GND C 

1 

Ao C 

2 

At C 

3 

a 2 c 

4 

a 3 c 

5 

GND C 

6 

a 4 c 

7 

As C 

8 

Ae C 

g 

a 7 c 

10 

GND C 

ii 

Ae C 

12 

WE C 

13 

C5i C 

14 

CS 2 C 

15 

GND C 

16 

CS 3 C 

17 

GND C 

18 

GND C 

19 

iIRDIN n 

20 

CPDIN C 

21 

GND C 

22 

ENDTR C 

23 

Dio L 

24 

Dli C 

25 

Dl 2 C 

26 

di 3 c 

27 

di 4 E 

28 

Dl 5 C 

29 

Dl e C 

30 

Dl 7 C 

31 

GND C 

32 


□ Vcc 

□ Ag 
U Aio 

□ An 

□ A 1Z 

□ Vcc 

□ Aia 

□ A 14 

□ A15 

□ Aie 

□ Vcc 

□ CP 

□ Vcc 

□ CE 

□ CE 3 

1 □ Vcc 

□ ENDCUT 

□ CPDOUT 

□ CLRDOUT 

□ OEz 

□ CE, 


AD (0: 13) 


A (0: 13) 



DECODER 


A (14: 16) 


WEU 


1 1 



1 1 


RAM 1 

3— | 

° 

RAM 9 


RAM 2 

3— 

C 

RAM 10 


RAM 3 

3— 

— — c 

RAM 11 


RAM 4 

3— 

C 

RAM 12 


RAM 5 

3— 

— c 

RAM 13 


RAM 6 

3— 

— c 

RAM 14 


RAM 7 

3— 

— c 

RAM 15 


RAM 8 

>- 

— C 

RAM 16 


16 x IDT71981 
(16K x 4s) 
STATIC RAM 
ARRAY 




DO (0: 7) 


Dl (0: 7) 
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IDT7M825 1 MEGABIT (128KX 8) CMOS STATIC RAM SUBSYSTEM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


4800 


DATA out • 


2550 


i 30pF 


5V 


DATA out — 
2550 



Figure 1. Output Load Figure 2. Output Load 

(for t 0 Hz) 


* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS <v cc = 5v±io%, t a =o°c to +70°c and -55°c to +i25°C) 


SYMBOL 

PARAMETER 

IDT7M825S50 
(COM'L ONLY) 
MIN. MAX. 

IDT7M825S60 

MIN. MAX. 

IDT7M825S70 

MIN. MAX. 

UNIT 

READ CYCLE 01 

tRCC 

Min. Clock to Clock Time 

40 

- 

50 ^ 

- - 

60 

- 

ns 

t A Cp( 2 > 

Address. 33 Clock to Data Valid 

- 

48 

- 

58 

- 

67 

ns 

*ADS 

Address. 33 to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

Udh 

Address. <23 from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

'CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

l CEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

5 

- 

ns 

*EDS 

DATA out Clock Enable to DATA out Clock Set-up Time 

3 

3 

- 

5 

- 

ns 

l EDH 

DATA our Clock Enable from DATAout Clock Hold Time 

0 

- 

0 

- 

3 

- 

ns 

*OE 

Output Enable to Output Data Valid 

- 

8 

- 

9 

- 

20 

ns 

toHZ (3 > 

Output Enable to Output in High Z 

- 

7 

- 

8 

- 

18 

ns 

*CPD 

DATA out Clock CPDOUT to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

WRITE CYCLE 

l AW 

Write Cycle Time 

35 

- 

45 

- 

60 

- 

ns 

*CWPL 

Address Clock Low Pulse Width 

20 

- 

30 

- 

35 

- 

ns 

*CWPH 

Address Clock High Pulse Width 

7 

- 

10 

- 

10 

- 

ns 

l ADS’ *WES 

Address. CS, WE to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

{ ADH • twEH 

Address. 33. WE from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

^CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

*CEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*EDS 

DATAim Clock Enable to DATA iN Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

<EDH 

DATA, n Clock Enable from DATA, N Clock Hold Time 

0 

- 

0 

- 

3 

- 

ns 

*DS 

DATAim to DATA | N Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

l 0H 

DATA,m from DATA ]N Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

l CDW 

DATAim Clock to End of Write Cycle 

27 

- 

35 

- 

50 

- 

ns 


NOTES: 

1. WE Must be high for read cycles. 

2. Assumes min tRcc is observed. 

3. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 






















































































































































IDT7M825 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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128K x 8 SRAM WITH REGISTERED 
ADDRESS LINES, REGISTERED DATAm 
LINES AND LATCHED/BUFFERED 
DATA out LINES 


IDT7M826 


FEATURES: 

• Registered address lines 

• Registered input data lines 

• Latched and buffered output data lines 

• Separate I/O 

• High-speed access time: 

— Military temperature range: 55ns (max.) 

— Commercial temperature range: 45ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M826 is a 128Kx 8 RAM with registered address, regis- 
tered DATAin and latched DATAout lines. The DATAout latch can 
be used as a buffer by connecting its Latch Enable (LE) to Vcc. 


Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by CP. When CE (clock enable) is asserted, all 
address, CSand WE data that meets the specified set-up time will 
be registered on the rising edge of CP. 

DATAin is controlled by its own clock, CPDIN. When ENDIN 
(clock enable) is asserted, ail DATAin data that meets the speci- 
fied set- up time will be registered on the rising edge of CPDIN. 
CLRDIN is an asynchronous control that can be used to clear the 
DATAin register. 

DATAout is controlled by its own enable, LEDOUT. With this 
line in the high state, the latch is in the transparent or buffer mode. 
Data out of the RAM array that meets the set-up tim e requireme nts 
will be la tched when LEDOUT goes low. PREDOUTand 
CLRDOUT are asynchronous controlsthat can be used to clear the 
DATAout latch. The preset function overrides the cl ear so that, with 
both asserted, the latch will be preset. Unless all three of these lines 
are as serted , the output will be in the high impedance state. 

The SEL signal is an output that can be used to monitor the state 
of the internal RAM array output bus. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


GND 

Ao 

Ai 

A 2 

a 3 

GND 

A 4 

As 

Ae 

A 7 

GND 

As 

WE 

CSi 

CS 2 

GND 

CS 3 

GND 

GND 

CLRDIN 

CPDIN 

GND 

ERM? 

Dio 

DU 

Dl 2 

Dl 3 

DU 

Dl 5 

Dl 6 

Dl 7 

GND 


c 

1 

64 

□ 

Vcc 

c 

2 

63 

3 

Ag 

c 

3 

62 

□ 

A 10 

c 

4 

61 

□ 

A 11 

c 

5 

60 

□ 

Ai 2 

c 

6 

59 

□ 

Vcc 

c 

7 

58 

□ 

A 13 

c 

8 

57 

□ 

Ai4 

c 

9 

56 

□ 

A 15 

c 

10 

55 

□ 

Al6 

c 

11 

54 

□ 

Vcc 

c 

12 

53 

□ 

CP 

c 

13 

52 

□ 

Vcc 

c 

14 

51 

□ 

CE 

c 

15 

50 

□ 

OE 3 

c: 


49 

□ 

Vcc 

c 

17 

48 

□ 

PREDOUT 

c 

18 

47 

□ 

LEDOUT 

c 

19 

46 

□ 

CLRDOUT 

c 

20 

45 

□ 

oe 2 

c 

21 

44 

□ 

CE, 

c 

22 

43 

□ 

Vcc 

c 

23 

42 

3 

SEE 

c 

24 

41 

□ 

DOo 

c 

25 

40 

□ 

DOi 

c 

26 

39 

□ 

D0 2 

c 

27 

38 

□ 

D0 3 

c 

28 

37 

□ 

DO 4 

c 

29 

36 

□ 

D0 6 

c 

30 

35 

□ 

DOe 

c 

31 

34 

□ 

DO? 

c 

32 

33 

□ 

Vcc 


AD (0: 13) 


A (0: 13) 


14-BIT 

REGISTER 

Do-13 O0-13 


CE CP 


A (14: 16) 


CS, 


CS 2 


CS 3 


WE 


I DECODER I 

A 0 - 2 

WEC 

CS, 


cs 2 

D0-7 

cs 3 

WET 

SEE 

CP 

R/E 

CE 


1 1 



□ 




RAM 1 


C 

RAM 9 


RAM 2 


C 

RAM 10 


RAM 3 

>— 

— c 

RAM 11 


RAM 4 

>— 

— c 

RAM 12 


RAM 5 

>- 

— c 

RAM 13 


RAM 6 

>— 

— c 

RAM 14 


RAM 7 

>— 

— c 

RAM 15 


RAM 8 

3— 

— c 

RAM 1 



16 x IDT71981 
(1 6K x 4s) 
STATIC RAM 
ARRAY 


Vcc 


SEE 


DIP 

TOP VIEW 


CE 

CP 


Dl (0: 7) 



REGISTER 


• DO (0: 7) 


CP 

CPDIN I CLRDIN 
ENDIN 
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IDT7M826 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATA C 


2550 


4800 
± 30pF 


DATA out — 

2550 


4800 

5pF* 


m 


Figure 1. Output Load Figure 2. Output Load 

(for t 0HZ ) 

* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5V±10%,T A =0°Cto +70°C and -55°Cto + 125°C) 


SYMBOL 

PARAMETER 

IDT7M826S45 
(COM’L ONLY) 
MIN. MAX. 

IDT7M826S55 

MIN. MAX. 

IDT7M826S70 

MIN. MAX. 

UNIT 

READ CYCLE* 1 ' | 

'acp 

Address. US Clock to Data Valid 

- 

45 

- 

55 

- 

70 

ns 

'ads 

Address. US to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

'aDH 

Address, US from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

'cES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

'CEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

5 

- 

ns 

'lEDO 

DATAom LE from Address Clock 

- 

39 

- 

46 

- 

55 

ns 

'oE 

UE to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

'oHZ <Z) 

UE to High Z 

- 

7 

- 

9 

- 

13 

ns 

WRITE CYCLE 

'aw 

Write Cycle Time 

35 

- 

45 

- 

60 


ns 

mm 

Address Clock Low Pulse Width 

20 

- 

30 

- 

35 

- 

ns 

'cWPH 

Address Clock High Pulse Width 

7 

- 

10 

- 

10 

- 

ns 

'ads- 'weh 

Address. US, WE to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

'adh - 'weh 

Address, US, WE from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

'CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

'cEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

'eds 

DATA| N Clock Enable to DATA, N Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

'edh 

DATAim Clock Enable from DATA, N Clock Hold Time 

0 

- 

0 

- 

3 

- 

ns 

'os 

DATA| N to DATA 1N Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

'dh 

DATA| N from DATA iN Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

'cDW 

DATA, n Clock to End of Write Cycle 

27 

- 

35 

- 

50 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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FEATURES: 

• Registered address lines 

• Latched and Buffered input data lines 

• Registered output data lines 

• Separate I/O 

• High-speed access time: 

— Military temperature range: 60ns (max.) 

— Commercial temperature range: 50ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M827 is a 128K x 8 RAM with registered address, 
latched DATAin and registered DATAout lines. The DATAin latch 
can be used as a BUFFER by connecting its Latch Enable (LE) to 

Vcc. 

Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by CP. When CE (clock enable) is asserted, all 


address, CSand WE data that meets the specified set-up time will 
be registered on the rising edge of CP. 

DATAin is controlled by its own enable, LEDIN. With this line in 
the high state, the latch is in the transparent or buffer mode. Ail 
DATAin data that meet s the spe cifie d set-up t ime will be latched 
when LEDIN goes low. PREDIN and CLRDIN are asynchronous 
controls that can be used to preset or clear the DATAin latch. The 
preset function overrides the clear so that, with both asserted, the 
latch will be preset. 

DATAo ut is controlled by its own clock, CPDOUT. When 
ENDOUT (clock enable) is asserted, all data out of the RAM array 
that meets the set-up tim e requireme nts will be registered on the 
rising edge of CPDOUT. CLRDOUT is an asynchronous control 
that can be used to clear the DATAout register. There are three ac- 
tive low output enables for DATAout. Unless all three of these lines 
are as serted , the output will be in the high impedance state. 

TheSELsignalisan output that can be used to monitor the state 
of the internal RAM array output bus. 
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IDT7M827 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


DATA out — 

2550 


5V 


4800 

30pF 


5 V 


DATA out ' 


2550 : 


4800 

5pF* 


Figure 1 . Output Load Figure 2. Output Load 

(for t 0HZ ) 


* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (v cc = 5V±10%, T a =0°C to +70°C and -55°Cto +125°C) 


SYMBOL 

PARAMETER 

IDT7M827S50 
(COM’L ONLY) 
MIN. MAX. 

IDT7M827S60 

MIN. MAX. 

IDT7M827S70 

MIN. MAX. 

UNIT 

READ CYCLE (1) 

l RCC 

Min. Clock to Clock Time 

40 

- 

50 

- 

60 

- 

ns 

t A cp< 2 > 

Address, £5 Clock to Data Valid 

- 

48 

- 

58 

- 

67 

ns 

*ADS 

Address, £3 to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

l ADH 

Address, <25 from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

tcEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

5 

- 

ns 

l EDS 

DATA 0Lrr Clock Enable to DATA 0Lrr Clock Set-up Time 

3 

- 

3 

- 

5 

- 

ns 

Ieoh 

DATA out Clock Enable from DATA out Clock Hold Time 

0 

- 

0 

- 

3 

- 

ns 

l OE 

Output Enable to Output Data Valid 

- 

8 

- 

9 

- 

20 

ns 

*ohz (3) 

Output Enable to Output in High Z 

- 

7 

- 

8 

- 

18 

ns 

tcPD 

DATA out Clock CPDOUT to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

WRITE CYCLE 

*AW 

Write Cycle Time 

35 

- 

45 

- 

60 

- 

ns 

l CWPL 

Address Clock Low Pulse Width 

20 

- 

27 

- 

35 

- 

ns 

^CWPH 

Address Clock High Pulse Width 

7 

- 

10 

- 

10 

- 

ns 

Uos- *wes 

Address, £3, WE to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

l ADH • twEH 

Address, £3, WE from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

l CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

^CEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

*DW 

Data Valid to End of Write 

26 

- 

32 

- 

45 

- 

ns 


NOTES: ~ 1 


1. WE Must be high for read cycles. 

2. Assumes min t RCC is observed. 

3. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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IDT7M827 1 MEGABIT (128Kx 8) CMOS STATIC RAM SUBSYSTEM 


TIMING WAVEFORM OF READ CYCLE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


ADDR, CS, WE 


ADDR VALID 


ENDOUT 


r *+* 'eDH" 

J 

e 

f 

+ ^CE 








l CPD r* *1 l OHZ 

DATA VALID ^ 


TIMING WAVEFORM OF WRITE CYCLE 

L. 

'aw 




ADDR, CS ^ 

{ ADDR VALID 

\ 

/ 


DATA VALID 


13-192 






128K x 8 SRAM WITH REGISTERED 
ADDRESS LINES AND LATCHED/ 
BUFFERED DATA LINES 


IDT7M828 


FEATURES: 

• Registered address lines 

• Latched and buffered input data lines 

• Latched and buffered output data lines 

• Separate I/O 

• High-speed access time: 

— Military temperature range: 55ns (max.) 

— Commercial temperature range: 45ns (max.) 

• 20MHz read/write cycle time 

DESCRIPTION: 

The IDT7M828 is a 128K x 8 RAM with registered address, 
latched DATAin and latched DATA our lines. The two data buses 
have independent latch enables and this allows the latch to be 
used as a buffer by connecting the appropriate Latch Enable (LE) 
to Vcc. 


Address, Write Enable (WE) and the three Chip Select (CS) 
lines are controlled by CP. When CE (clock enable) is asserted, all 
address, CSand WE data that meetsthe specified set-up time will 
be registered on the rising edge of CP. 

DATAin is controlled by its own enable, LEDIN. With this line in 
the high state, the latch is in the transparent or buffer mode. All 
DATAin data that meet s the spe cifie d set-up t ime will be latched 
when LEDIN goes low. PREDIN and CLRDIN are asynchronous 
controls that can be used to preset or clear the DATAin latch. The 
preset function overrides the clear so that, with both asserted, the 
latch will be preset. 

DATAout is controlled by its own enable, LEDOUT. With this 
line in the high state, the latch is in the transparent, or buffer mode. 
Data out of the RAM array that meets the set-up ti me requirem ents 
will be la tched when LEDOUT goes low. PREDOUT and 
CLRDOUT are asynchronous controls that can be used to clear the 
DATAout latch. The preset function overrides the clear so that, with 
both asserted, the latch will be preset. There are three active low 
output enables for DATAout. Unless all three of these lines are 
asserted, the output will be in the high impedance state. 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


GND C 

1 ^ 

64 

□ 

Vcc 



Ao C 

2 

63 

□ 

Ag 



Ai C 

3 

62 

□ 

A 10 


14-BIT 

a 2 c 

4 

61 

□ 

A 11 


REGISTER 

a 3 C 

5 

60 

□ 

A 12 



GND C 

6 

59 

□ 

Vcc 

A (0: 13) 

Do -13 O 0-13 

a 4 C 

7 

58 

□ 

A 13 



As C 

8 

57 

□ 

A 14 



As C 

9 

56 

□ 

Al5 


CE CP 


AD (0: 13) 


A (14: 16) 


CS i 


PREDOUT 

LEDOUT 

'CLRDOUT 

OE 2 

OEi 

Vcc 

SEC 

DOo 

DOi 

DO 2 

DO 3 

D0 4 

DO 5 

DOe 

DO/ 

Vcc 


CS 2 


CS; 


I DECODER- I 

Aq -2 

WEO 

CS 1 


CSz 

O0-7 

CS 3 


WET 


SEE 

CP 

| R/E GND 


— i r 



"l . 1 


RAM 1 

>— 1 

° 

RAM 9 


RAM 2 

D— 

C 

RAM 10 


RAM 3 

>— 

— c 

RAM 11 


RAM 4 

>— 

— c 

RAM 12 


RAM 5 


— c 

RAM 13 


RAM 6 

D — 

— c 

RAM 14 


RAM 7 


— c 

RAM 15 


RAM 8 

>- 

— < 

RAM 16 


RAMSEL 

(0:7) 


D ( 0 : 7) 


16 x IDT71981 
(16Kx4s) 
STATIC RAM 
ARRAY 




DO (0: 7) 


Dl (0: 7) 


T 

LEDIN I CLRDlN 

Predin 


CEMOS is a trademark of Integrated Device Technology, Inc. 
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MILITARY AND COMMERCIAL TEMPERATURE RANGES 


IDT7M828 1 MEGABIT (128Kx8) CMOS STATIC RAM SUBSYSTEM 


AC TEST CONDITIONS 


Input Pulse Levels 

GND to 3.0V 

Input Rise/Fall Times 

10ns 

Input Timing Reference Levels 

1.5V 

Output Reference Levels 

1.5V 

Output Load 

See Figures 1 and 2 


5V 


DATAqljj 


2550 


4800 
£ 30pF 


5 V 


4800 


DATA out 


2550 : 


T 5pF* 


Figure 1. Output Load Figure 2. Output Load 

(for t 0HZ ) 


* Including scope and jig. 


AC ELECTRICAL CHARACTERISTICS (V cc = 5v±io%,T A =o°cto +70°cand -55°cto +i25°C) 


SYMBOL 

PARAMETER 

1DT7M828S45 
(COM’L. ONLY) 
MIN. MAX. 

IDT7M828S55 

MIN. MAX. 

IDT7M828S70 

MIN. MAX. 

UNIT 

READ CYCLE (1> 

*ACP 

Address, CS Clock to Data Valid 

- 

45 

- 

55 

- 

70 

ns 

Uds 

Address, C5 to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

*ADH 

Address, CS from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

l CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

tcEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

5 

- 

ns 

l LEDO 

DATAqut LE from Address Clock 

- 

39 

- 

46 

- 

55 

ns 

*OE 

CE to Data Valid 

- 

8 

- 

9 

- 

15 

ns 

t0HZ (2) 

CE to High Z 

- 

7 

- 

9 

- 

13 

ns 

WRITE CYCLE 

*AW 

Write Cycle Time 

35 

- 

45 

- 

60 

- 

ns 

tcWPL 

Address Clock Low Pulse Width 

20 

- 

27 

- 

35 

- 

ns 

*CWPH 

Address Clock High Pulse Width 

7 

- 

10 

- 

10 

- 

ns 

ilium 

Address. CS, WE to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

l ADH - l WEH 

Address, CS, WE from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

^CES 

Address Clock Enable to Address Clock Set-up Time 

2 

- 

2 

- 

3 

- 

ns 

l CEH 

Address Clock Enable from Address Clock Hold Time 

2 

- 

2 

- 

3 

- 

ns 

Idw 

Data Valid to End of Write 

26 

- 

32 

- 

45 

- 

ns 


NOTES: 

1 . WE Must be high for read cycles. 

2. Transition is measured -200mV from steady state voltage with specified loading in Figure 2. 
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ORDERING INFORMATION 



Commercial (0°Cto +70°C) 

Military (-55°C to +125°C) 

Semiconductor Components Screened to 
MIL-STD-883, Class B 

Sidebraze DIP 


Speed in Nanoseconds 


Standard-Power 

Low-Power 





Integrated Device Technology. Inc. 


DUAL MULTIPLEXED 
16K x 20 SYNCHRONOUS 
STATIC RAM MODULE 


ADVANCE 

INFORMATION 

IDT7M6001 


FEATURES: 

• Dual 16K x 20 synchronous RAM 

• Edge triggered data input and data output registers 

• Edge triggered data address registers 

• Two address register sources individually selectable 

• Separate chip select and write enables to each memory array 

• Individual clock lines to each register 

• Dual high-performance 16K x 20 memories 

• Unique ping-pong operation capability 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Available in compact 92-pin ceramic sidebraze QIP (quad 
in-line) package 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Military modules available with semiconductor components 
compliant to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7M6001 is a dual multiplexed 16K x 20 synchronous 
RAM module. It utilizes ten IDT71981 high-speed synchronous 
memories, along with the appropriate input data, output data and 
address registers. The device features the ability to be used in a 
ping-pong mode. That is, data can be loaded into one memory ar- 
ray at one address and be read from the other memory array at a 


different address. This allows systems to be built that can perform 
fast Fourier Transforms in either a decimation-in-time oradecima- 
tion-in-frequency configuration. Data read from Memory 1 can be 
synchronously loaded into its output register, while data can be 
written into a different location in Memory 2. Similarly, data can be 
read from Memory 1 and Memory 2 in parallel from two different 
addresses and can be written into Memory 1 and Memory 2 at 
unique addresses. Registers at the data input and data output pro- 
vide fully synchronous pipelined operation. The two memory sys- 
tems are 20 bits wide and have multiplexed data input and data 
output bits from the module data pins. By taking advantage of the 
speed of the reg isters, data on the pins can run at a speed twice that 
of the memory. That is, both output registers can be read or both 
input registers can be loaded in a single memory cycle. 

Two address sources are available to each address register to 
the RAM. Address Source A or Address Source B may be selected 
to load the edge triggered register for the 1 6K x 20-bit memory. The 
IDT54/74FCT399 is used for the two input multiplexer and address 
registers for each 16K x 20 memory. All inputs and outputs of the 
IDT7M4017 are TTL-compatible and operate from a single 5 V 
supply. 

The IDT7M6001 is offered as a compact 92-pin quad in-line 
(QIP) ceramic module. It is constructed using ceramic LCC com- 
ponents on a multilayer co-fired ceramic substrate and occupies 
only 4.2 square inches of board space. 

All IDT military module semiconductor components are compli- 
ant to the latest revision of MIL-STD-883, Class B, making them 
ideally suited to applications demanding the highest level of 
performance and reliability. 

















IDT7M6001 DUAL MULTIPLEXED 16X x 20 
SYNCHRONOUS STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PIN CONFIGURATION 


GND 
ADA 0 I 
ADA , 
ADA 2 
ADA 3 
ADA 4 
ADA 5 
ADAg 
ADA 7 
ADA 8 

ADAg 
ADA 
ADA,, 
ADA, 2 
ADA, 3 
CKI , 
CKO, 
OE, 
Si 
ACK, 

SI 1 

WE, 

Vcc 


1 

47 

GND 

v cc 

92 

46 

2 

48 

ADB 0 

Dio 

91 

45 

3 

49 

ADBi 

Dli 

90 

44 

4 

50 

adb 2 

di 2 

89 

43 

5 

51 

adb 3 

di 3 

88 

42 

6 

52 

adb 4 

di 4 

87 

41 

7 

53 

adb 5 

Dl 5 

86 

40 

8 

54 

adb 6 

Dl e 

85 

39 

9 

55 

adb 7 

di 7 

84 

38 

10 

56 

ADBa 

di 8 

83 

37 

11 

57 

ADBg 

Dig 

82 

36 

12 

58 

ADBio 

GND 

81 

35 

13 

59 

ADB,, 

Olio 

80 

34 

14 

60 

adb , 2 

Dli, 

79 

33 

15 

61 

adb , 3 

Dl,2 

78 

32 

16 

62 

CKI ? 


77 

31 

17 

63 

cKo 2 

Dl ,4 

76 

30 

18 

64 

oe 2 

DIis 

75 

29 

19 

65 

S2 

Dl,6 

74 

28 

20 

66 

ACKp 

Dl 17 

73 

27 

21 

67 

CE? 

DIib 

72 

26 

22 

68 

we 2 

DIiq 

71 

25 

23 

69 

o 

>° 

GND 

70 

24 


P DO, 4 


PIN NAMES 


OEi -OE"2 

Data Out Register Output Enable 

ada 0 -ada 13 

Address Inputs 

ADBo-ADB 13 


Dlo-Dhg 

Data Inputs 

DOg-DO, g 

Data Outputs 

CKI,-CLI 2 

Data In Register Clock Input (Active Rising Edge) 

ack,-ack 2 

Address Clock Input (Active Rising Edge) 

S1-S2 

Address MUX Select Input 

WEi -WE 2 

Write Enable 

CE1-CE2 

RAM Select 

CKO, -CK 0 2 

Data Out Register Clock Input (Active Rising Edge) 


PACKAGE OUTLINE 



.230 .240 



.060 .022 



2.765 

2.835 
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Integrated Device Technology. Inc. 


16K x 32 WRITABLE 
CONTROL STORE 
STATIC RAM MODULE 


ADVANCE 

INFORMATION 

IDT7M6032 


FEATURES: 

• 16K x 32 high-performance Writable Control Store (WCS) 

• Serial Protocol Channel (SPC™ )- reading, writing and 
interrogation 

• 4 byte/wide output enables 

• Separate chip select, write enable and output enable memory 
controls 

• High fanout pipeline register 

• Fully width expandable 

• Designed for high-speed writable control store applications 

• Assembled with IDT’s high-reliability vapor phase solder reflow 
process 

• Compact 64-pin ceramic sidebraze DIP 

• Single 5V (±10%) power supply 

• Inputs and outputs directly TTL-compatible 

• Military modules available with semiconductor components 
manufactured in compliance to MIL-STD-883, Class B 

DESCRIPTION: 

The IDT7M6032 is a 16K x 32-bit Writable Control Store (WCS) 
RAM and pipeline register. It features eight IDT7198 16K x 4 high- 
performance static RAMs and four IDT49FCT818 Serial Protocol 
Channel (SPC) registers. These devices are arranged to form the 
1 6K x 32 Writable Control Store RAM with Serial Protocol Channel 
for loading of the memory. The address lines, chip select, write 
enable and output enable of the RAMs are all bused together to 
form one large 16K x 32 memory. Each eight outputs of the RAM 
are connected to the D inputs of an IDT49FCT818 in the normal 


fashion. The device has the serial data-in and serial data-output 
bits connected to form a 32-bit Serial Protocol Channel register. 
The module features four separate output enables, one for each of 
the IDT49FCT818 registers. Thus, the Y outputs from the 
1DT49FCT818 registers may be enabled or put into the high-im- 
pedance state on individual 8-bit boundaries. The Command/Data 
(C/D), Serial Shift Clock (SCLK) and Parallel Clock (PCLK) are all 
bus organized across the four IDT49FCT818 registers. The thirty- 
two register output bits, eight from each device, are separately 
brought out to form a 32-bit wide pipeline register on the Writable 
Control Store. 

In normal operation, data from the 32-bit wide memory is loaded 
into the IDT49FCT818 registers on the low-to-high transition of 
PCLK. Reading and writing of the memory by means of the Serial 
Protocol Channel is performed in the normal fashion using the 
IDT49FCT818. That is, the data to be loaded can be shifted in the 
serial data input by using the SCLK and a load command executed 
by shifting the proper command word in the serial data input when 
the C/D line is in the command mode. This command will then be 
executed by manipulating the C/D line and SCLK line in the de- 
sired fashion. Data is then written into the RAM by bringing the write 
enable line on the RAM memory from the high state to the low state 
and back to the high state. 

The IDT7M6032 is offered in a compact 64-pin 600 mil wide ce- 
ramic dual in-line module. It is constructed using ceramic LCC 
components on a multilayer co-fired ceramic substrate and occu- 
pies less than 2 square inches of board space. 

The semiconductor components used on all IDT military mod- 
ules are manufactured in compliance with the latest revision of 
MIL-STD-883, Class B, making them ideally suited to applications 
demanding the highest level of performance and reliability. 
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1DT7M6032 512K (16Kx 32) WRITABLE 
CONTROL STORE STATIC RAM MODULE 


MILITARY AND COMMERCIAL TEMPERATURE RANGES 


PACKAGE OUTLINE 
64-PIN DIP 


„ 3.165 „ 

3.235 



0.035 0.100 0.015 

0.060 TYP. 0.022 
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Inte 3 rated Device Technology. Inc. 


By Michael J. Miller 


INTRODUCTION 

This article discusses several different types of FIFO queues, 
their implementation, their performance and their use. Data, or 
information in computers, is processed as words or bytes in a 
predominantly serial fashion. There &re producers and con- 
sumers of information that are connected by busses. Often there 
is a mismatch in the rate at which data is produced and the rate at 
which it can be accepted. The data is therefore buffered in serial 
lists until it can be used. The serial lists are stored in memory and 
require overhead to maintain them. These First-In-First-Out 
(FIFO) structures can be implemented at many levels from all 
software to all hardware. The software implementations are often 
the most flexible but yield the lowest performance. The hardware 
implementations, while less flexible, give the highest performance. 

QUEUES 

The elements of any computer or controller can be divided into 
three categories in relation to information: transformation, storage 
and transfer. Logic gates transform and combine information, 
memory elements store information and wires transfer informa- 
tion between the other elements. 

Memory can be viewed as an element which transfers informa- 
tion with respect to time. The simplest of memory elements are 
latches and, registers. RAMs are dense arrays of latches. While 
RAMs allow for dense information storage, they require an 
address to access individual pieces of information in the array. 
Therefore, addresses (information) must be generated and 
stored in orderto access the desired information. The'addresses 
are stored in programs and data structures such as linked lists. 

Queues are a special organization of dense arrays of latches. 
Queues are a linear organization of groups of latches. Access to 
the linear string is restricted to either end. While RAMs allow for 
random access of any data in the array at any point in time, they 
require address inputs. Queues on the other hand, don’t have an 
address thus avoiding the address generation and storage 
overhead. Queues can be divided into two categories: FIFOs and 
LIFOs. 

Queues can be observed in the world about us. FIFO is an 
acronym for “First-In-First-Out". They can be observed in a bank 
line-up where customers enter at the end of a line and, after some 
wait, are serviced at the other end. The FIFO queue provides a 
mechanism by which customers, which arrive at an erratic rate, 
can wait until a teller can accommodate them. 

LI FO is an acronym for "Last-In-First-Out”. We can observe this 
phenomenon in the work place. As a person is working at a desk, 
interrupts occur. A higher priority interrupt such as a phone call 
or a request from people higher in management will cause the 
person to drop the work on the desk and start a new task. When 
the higher priority task is accomplished, the interrupted task on 
the desk is resumed. Depending on how many interrupts of 
sequentially higher priority tasks come in during the day, the 
stack of tasks on the desk grows. Another time honored example 
is the stacks of trays at the cafeteria. As trays are washed they are 
placed on a spring loaded elevator which sinks down to accom- 
modate the new trays. When new customers enter the food line, 
trays are removed from the stack. 


As can be seen in the above examples, queues are used to 
buffer between the flows of consumers and distributors of 
services. Groups of computing elements can be divided into 
consumers and producers of information with rates that must be 
matched. For example, a rotating Winchester disk is a source of 
information that must be serviced at a rate that may not be easily 
matched by the CPU which is consuming the information 
through the use of a data bus. 

SIMPLE FIFO 

The implementation of FIFOs is varied and presents many 
trade-offs. The simplest design treats the FIFO as a fixed number 
of memory elements in a linear array. When data is written 
(pushed) in at one end, all of the rest of the elements shift their 
data over to their neighbor at the same time. One can visualize 
(Figure 1 ) the structure as a shift register. The same structure can 
be implemented in software where the program manages an 
array of memory locations in RAM. To push data into the queue 
the program must first start by moving the contents of the next to 
the last location into the last location. The algorithm continues 
from the last to the first location. When all of the data has been 
rippled down, the first location in the queue will be vacated. The 
data to be pushed into the queue is written into that vacated 
location. 

An improvement in the software solution could be made with 
the introduction of a pointer. A pointer is a variable which 
contains an address. The pointer would identify a location from 
which to read the output of the FIFO. When a new piece of 




Figure 1. Hardware implementation of a fixed length FIFO. 
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information is written, it would go into the location identified by 
the pointer after which the pointer would be incremented. The 
pointer now points at the new output data. When the pointer 
reaches the end of the array, the next increment would be 
replaced by setting the pointer to the beginning of the array. The 
obvious advantage is that the program does less work and 
therefore is faster. This software technique is called a circular 
queue with one pointer. (See Figure 2.) 

FIXED LENGTH FIFO: NO FALL-THROUGH 

The FIFO described previously is called a Fixed Length FIFO 
and has the characteristic that it takes N cycles for a piece of 
information that was placed into it to emerge out of it. The 
number N is the number of locations in the FIFO. This imple- 
mentation also has the characteristic that, when first started 
after power up, it will produce unknown data for N cycles until the 
first valid data arrives at the output. The latency is therefore N 
read/write cycles. The fixed length FIFO does not allow for 
differences between the rate of input and output rates. This type 
of FIFO is used where the arrival of data at the output is delayed 
to match parallel paths in a pipelined system. 

VARIABLE LENGTH FIFO 

The variable length FIFO solves the rate mismatch problem but 
requires more overhead to implement. Where the fixed length 
FIFO is like a steel pipe which information is fed through and has 
a fixed number of locations, the variable length FIFO is like a 
rubber hose that can stretch, holding from one to many items. 
The items are removed at will instead of being required to at write 
time. Every variable length system has a limit and therefore must 
signal when it is at capacity and must be serviced before bursting. 

FALL-THROUGH FIFOs 

In the real world of silicon and aluminum there is no such thing 
as rubber. Variable length FIFOs must therefore be implemented 
using fixed length queues. This fact creates some limitations 
which translate into trade-offs. The traditional hardware imple- 
mentation uses two sets of shift registers. One set is used to hold 
the data in much the same way as in the fixed length FIFO. Data 
that is placed in the top emerges at the bottom. There is a second 




Figure 2. Circular queue with one pointer 

a) As it is in memory. 

b) Logical view. 


shift register that functions in parallel. The second shift register 
contains flags that indicate whether the associated data element 
at the same chronological position in the data queue is valid data 
or not. When data is written into the top location of the data 
queue, a true flag is placed into the “valid bit” queue. The variable 
length quality is achieved by allowing the data and its associated 
valid bit to “sink down” into the next location below it if there is no 
valid data in that location (see Figure 3). In this way valid data 
“sinks" to the bottom of the queue and stacks up in much the 
same way as pearls being dropped into a narrow tube filled with 
oil. The clocking of data down through the queue is controlled by 
an internal self-generated clock. The maximum latency or fall- 
through time is a product of the number of cells in the queue and 
the internal clock cycle length. This approach meets the require- 
ment that differing rates may be accommodated. The valid bit 
data is brought out in parallel with the queue data. The valid bit 
data tells the consumer when valid data is present, thus avoiding 
the start-up period of invalid data as in the previous implementa- 
tion of the fixed length FIFO. Examples of this approach are the 
shorter FIFOs such as the MMI 67401. Fall-through FIFOs tend to 
have very long undesirable fall-through times if the FIFO is deep. 

The software approach could be designed to mirrorthe typical 
hardware approach by working with two arrays. One for the data 
and one of the valid bits. That approach uses too much memory. 
An alternate could use a wider array which carried the valid bit 
with the data. The algorithm would then start at the end of the 
array and pass to the front, advancing all elements which were 
valid to the end of the array until all valid data was collected at the 
end of the array. This approach would be very costly in terms of 
CPU cycles for what is achieved. There is a fall-through latency 
which is a product of the time to execute the updated software 
loop times the number of locations in the queue. 


TWO-POINTER FIFO 

A more economical approach would utilize two pointers and 
one array that was as wide as the data. One pointer would point to 
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Figure 3. Classical FIFO architecture. 
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the location at which new data is written into. The second pointer 
identifies where data is to be read from for output from the queue 
(see Figure4). When either pointer is used to access a location, it 
is incremented. When a pointer is incremented to the last location 
in the array, the next increment will be substituted with a reset of 
the pointer to the beginning of the array. The logical view of this 
structure is a circular queue with a read and a write pointer. This 
approach results in a much shorter fall-through time while still 
achieving the variable length feature. The fall-through time is the 
time that it takes to invoke the software to write the data into the 
queue, plus the time that it takes to invoke the software to read 



Figure 4. Circular queue with two pointers 

a) As it is in memory. 

b) Logical view. 
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the data out of the queue. While this is much better than the 
previous approach, it still requires a reasonable amount of time to 
accomplish. 

TODAY’S HIGH SPEED FIFOs 

The hardware approach, which is used by the IDT7201 and 
IDT7202 devices, utilizes thesoftware concepts demonstrated in 
the previous approach but at very fast hardware speeds (50ns 
typical military). The block diagram in Figure 5 shows the two 
pointers which locate where reading and writing is to take place 
in the queue (RAM Array). There is added logicwhich provides 
status about the queue: empty (EF), half full (HF) and full (FF) 
(~means an active LOW signal). Two pins, one input (XI) and one 
output (XO), provide for unlimited expansion while still main- 
taining the 50ns fall-through time. This part functions identically 
to the software approach utilizing the two pointers. When either 
pointer reaches the last location, it is reset to the first location 
thus achieving a circular queue via a wraparound approach. The 
status flags reflect the count of how many valid pieces of data are 
in the queue. After the device is reset, the empty flag (EF) is 
asserted. As soon as a datum is written into the queue, the empty 
flag is deasserted. The empty flag is not asserted again until all 
pieces of data have been read from the queue. When the count of 
data elements reaches one-half the number of locations in the 
RAM array, the half full flag (HF) is asserted. If a read is performed 
which reduces the count to just below the half way count, then 
the (HF) is deactivated. The full flag is asserted when the count of 
data elements is exactly equal to the number of locations in the 
RAM array, thus flagging that there are no more empty locations 
in the queue. 

WIDER FIFOs 

Applications may vary widely as to the width and depth of the 
FIFO required. If an application’s maximum requirement is 1024 
locations or less and 9 bits in width orless, then the IDT7202 will 
fit. Wider word widths can be achieved by connecting two or 
more devices in parallel (control signals). The status flags can be 
detected from any one device because each device is working in 
lock step parallel. Figure 6 shows an example of an 18 bit-word 
composed of two IDT7201/7202 devices. The older classical 
architecture would require more external circuitry to match the 
Input Ready and Output Ready signalsto account for differences 
in the internal self-generated clock frequencies. RAM-based 
FIFOs, such as the IDT7201/7202, do not have this problem. 

DEEPER FIFOs 

Some applications require deeper FIFOs. I n the older architec- 
ture, deeper FIFOs mean longer fall-through times because they 
are connected end to end. The time increases in direct proportion 
to the number of devices. For example two devices yield a 
maximum fall-through time of twice that of one device. This can 
make some applications of FIFOs impractical ortotally unusable. 

With the two pointer approach used in the IDT7201/7202, the 
data input busses are connected together and the data output 
busses are common. This produces a parallel architecture (see 
Figure 7) as opposed to the serial approach above. The parallel 
structure is analogous to cascading standard RAM devices to 
achieve deeper memories. 

Since FIFOs do not have chip selects and external decoding 
mechanisms, the task of choosing which device is selected must 
be provided for internally. The control (in the IDT7201/7202) is 
achieved through a unique serial structure. The first (or master) 


Figure 5. Functional Block diagram of IDT7201/7202 FIFO. 
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FIFO is identified by grounding the FL input. All other FIFOsJn After reset, the active read and write pointers are in the first 

the structure must have the FL input pulledup to Vcc- The XO device. When the write pointer has progressed to the end of the 

output of the first FIFO is connected to the XI input on the next first FIFO device, it outputs a pulse on XO which activates the 

FIFOjn the queue. The XO output of that FIF O is connected to write pointer at the beginning of the next device and simulta- 

the XI input of the next and so on until the XO output of the last neously deactivates the write pointer in the first device. Thus, 

FIFO is connected to the XI input of the first FIFO {see Figure 7). write enable control is passed to the second device. When the 



Figure 6. IDT7201/7202 FIFO Word-Width Expansion. 



Figure 7. IDT7201/7202 FIFO Word-Depth Expansion. 
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active read pointer reaches the end of the first device, it 
terminates and activates the read pointer in the next device with 
another pulse on the XO output of the first device. Figure 8 shows 
the progression of read and write pointers across two devices. In 
this ring structure, the read pointer is always chasing the write 
pointer. The _pointer enable crosses the device boundaries via 
sending an XO pulse onto the next device. This continues in a 
circular queue fashion. 


a) After reset. 


b) Further reads 
and writes. 


c) Write of last 
location initiates 
a pulse on XO. 

d) Further reads 
and writes. 


e) Read of last 
location initiates 
pulse on XO. 

f) Further reads 
and writes. 

g) Write of last 
location initiates 
pulse on XO. 

h) Read of last 
location initiates 
pulse on XO. 

i) Back in first 
device. 

Figure 8. Example on XO/XI expansion scheme. 

The IDT7201/7202 has been designed such that the read and 
write pointer can never cross over each other even in the cascade 
mode. The XO pulse is synchronous with read and write. When 
the last location is read or written, the XO output goes low with 
the read or write enable input and back high with the read or write 
enable. To see why there is no conflict even though reads and 
writes are asynchronous, the usage must be examined. The case 
of concern is when the FIFO is empty and the read and write 
pointers are at the last location. It must be realized that the 
consumer will not read until the empty flag is deasserted. The 
empty flag output will go high after the write pulse has gone high 
again thus ensuring that the XO pulse, indicating the write 
pointer, has been passed on to the next device. The consumer 
will then read the last location causing another pulse on XO 
which will transfer the read pointer (see Figure 9). 

There is one special case regarding read flow-through mode 
(discussed below). In this mode the consumer can anticipate the 
write, by producer, by lowering the read enable input. In this case 
the XO input does not go low with read enable. When write 
enable is lowered, XO goes low. XO goes high with write enable. 
At this point the empty flag is cleared, thus signaling to the 
consumer to terminate the read after the appropriate period 


R W 



specified in the data sheet. During this period the XO output, 
which went high at the end of the write enable pulse, has lowered 
again. When the read enable is raised by the consumer, the XO 
output goes high. In this way two pulses on XO are assured (see 
Figure 9). 



b) The read-flow through case. 


Figure 9. Generation on XO output when the FIFO is empty. 

a) Regular case, b) The read-flow through case. 

Two examples of the IDT7201/7202 in expanded depth configu- 
ration are available from IDT commercially. The IDT7M203/204 
are Subsystems modules which incorporate_onto one ceramic 
substrate four FIFO LCCs and the EF & FF “OR" gating to 
produce 2Kx9 and 4Kx9 FIFOs. The Subsystem module has a 
lead frame which pins out like the 28-pin 0.6 inch IDT7201/7202. 
This allows for a plug compatible 4Kx9 FIFO in one socket. 

SPECIAL FEATURES OF IDT7201/7202 

The architecture used in the IDT7201/7202 provides some 
features that distinguish it from FIFOs with other architectures. 
One outstanding feature is the dual port implementation of the 
RAM array. The RAM is designed in such a way that the read and 
write ports are separate, allowing for simultaneous asynchronous 
reads and writes with no hand shaking or arbitration. In the 
classical architecture the consumer and producer circuits must 
monitor ready flags for each access. 

The IDT7201/7202 _support a retransmit function. In the single 
device solution, the FL/RT input may be pulsed low signaling a 
retransmit. 

A retransmit operation will set the internal read pointerto the 
first location and will not affect the write pointer. READ ENABLE 
(R) and WRITE ENABLE (W) must be in the high state during 
retransmit. This feature is useful when less than 512/1024 writes 
are performed between resets. The retransmit feature is not 
compatible with Depth Expansion Mode and will affect HALF 
FULL FLAG (HF) depending on the relative locations of the read 
and write pointers. For example in a communications application, 
during transmission of a message, the receiver may request a 
retransmit of the message. This can be accomplished by always 
starting new messages at the beginning of the queue via a pulse 
on the reset input. If and when the retransmit request arrives, the 
FL/RT line is pulsed. The read pointer is repositioned at the 
beginning of the queue. The message producer may continue to 
write more of the same message into the queue as the retransmit 
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of the message continues. The retransmit can happen as many 
times as desired. At the start of the next complete message, the 
reset line (RS) must be pulsed after the successful acknowledge 
by the receiver. The reset ensures that the new message will be 
placed in the FIFO at the start of internal queue. It should be 
noted that, when retransmit is possible, messages cannot be 
bigger than the maximum size of the queue. If the message is 
longer than the queue, even though the read pointer has 
progressed far enough to accommodate the extra data, resetting 
the read pointer back to the beginning with retransmit will 
produce data from the end of message instead of the beginning. 

This architecture supports flow-through modes. In the read 
flow-through mode, when the buffer is empty, the consumer 
can anticipate the write, by the producer at the_other end, by 
lowering the read input. When the empty flag (EF) goes false, 
the consumer circuitry can terminate the early read cycle by 
reading the data and deasserting the read signal. The read 
input must go high for a brief period in order to clock the read 
pointer. The read flow-through mode avoids the standard 
sequence of monitoring flag going high before hitting a read 
cycle. 

The write flow-through mode is a mode that is employed when 
the FIFO is full. The producer can anticipate a read by the 
consume^by lowering the write input before the read. When the 
full flag (FF) raises, the producer knows that the consumer has 
read a location, thus freeing up a location that can receive the 
new data. The producer then raises the write input which actually 
writes the data into the RAM array. This flow-through mode 
avoids the overhead of monitoring the full flag before initiating a 
write cycle. 

The IDT7201 is pin and functionally compatible with the 
Mostek MK4501, thus serving as an alternate source. The 
IDT7202 gives the same functionality as the IDT7201 but is twice 
as deep (1024x9). The IDT7202 is the largest FIFO made with the 
zero fall-through time architecture making it the logical choice 
for FIFO applications. 

SOFTWARE VERSUS 
HARDWARE SOLUTIONS 

With every application involving a computer or programmed 
controller, the designer can trade off between performing certain 
functions in software or hardware. In general, the software 
solution is a more flexible design (easily changed) but performs 
the task more slowly. The hardware solution is less flexible but 
performs the task very fast. 

To clarify these concepts, a discussion of an application and 
how it could be solved at the various levels from software to 
hardware is beneficial. A good example is a file server. The server 
could be connected to a Local Area Network (LAN) and, on the 
other side, to a Winchester disk drive. Both I/O connections 
demand attention at unpredictable intervals and must be serviced 
on demand or data is lost. 

If the data rate of both interfaces is sufficiently low, a total 
software solution might be considered. The data rate would have 
to be low enough such that the software code could poll the 
status of either I/O port. As data arrives it could be placed into 
software FIFO queues. When a full record is buffered, then 
processing would commence. During the processing, the I/O 
ports must still be monitored as another user on the LAN might 
make a request (see Figure 10). It is doubtful that a total software 
solution could be designed for the server application that would 
have acceptable system performance. 


The next approach to consider might be to include hardware 
interrupts. Interrupts allow for one task to be running and almost 
immediately switching to an I/O service routine. Interrupts are 
something like a hardware subroutine call. This scheme would 
use the interrupt mechanism to call routines to move data to and 
from the I/O ports and the software FIFO queues. The overhead 
of constantly polling the I/O port status flags would be eliminated, 
thus allowing for highersystem performance. An asynchronous- 
type problem is introduced with interrupts. To use interrupts 
properly, the I/O service routines may be called at any instance. 
Therefore, the interrupt routines must be designed in such a way 
that they do not destroy data that the interrupted task might be 
using. Usually, the routines must be careful to save the state of 
the machine, perform their task and restore the state of the 
machine. The extra code to maintain the state of the machine is 
an overhead that is not in the polled solution. Worse yet, saving 
the state of the machine may be too much overhead to allow for 
an interrupt during a time-critical piece of code. Because 
interrupts may not be acceptable at certain points in the code, the 
programmer must insert code to disable and re-enable interrupts 
around the critical sections. 

Where the polling scheme provides a solution which has a 
more easily definable sequence of execution, the interrupt 
solution is indefinite. The programmer must spend a lot more 
time proving that all possible sequences caused by random 
interrupts will produce desirable results. Because interrupts may 
not be acceptable at certain points in the code, the programmer 
must insert code to disable and re-enable interrupts around the 
critical sections. The interrupt disable solution not only cuts 
performance by not accepting I/O during some periods, but also 
adds more overhead with the maintenance of the interrupt enable 
mechanism. In some sense, interrupts can be to software what 
the meta-stable flip-flop problem is to hardware. 

The interrupt solution can be moved out of the software and 
more into the hardware realm through the use of a technique 
called Direct Memory Access (DMA). The DMA solution is 
provided by a block of circuitry which monitors the I/O ports. 
When the port requires attention, the DMA logic interrupts the 
current task at the bus transfer level and steals a memory cycle to 
transfer the data to or from the port and the FIFO queue in 
memory. The task that is running on the processor misses only a 
few memory cycles now and again which is much less than in the 
interrupt scheme where a whole subroutine of many memory 
cycles was executed to transfer each element of data. The DMA 
solution is not for free. DMA controllers are complex devices 
which must be programmed as well as designed into the bus 
structure. The DMA mechanism can only serve one source at any 
given instance in time thus still being a bottleneck in throughput. 

So far, each solution proposed has moved the mechanism that 
feeds data to or from FIFOs in program memory away from the 
software and closer to the I/O port. The memory bus still remains 
the bottleneck because both FIFO queues are in memory. To 
simplify and improve performance, hardware FIFOs such as the 
IDT7201/7202 can be used. The processor would interface to the 
FIFO through an I/O port as before, but the FIFO would now be 
between the I/O port and the rest of the hardware. The software 
could then service the data at a steady rate and be sure that data 
was not lost without the problems or overhead of more compli- 
cated schemes such as interrupts or DMA. 

Because the queues are between the controller and the 
peripheral, the peripheral can load or read the queue without 
interrupting the controller. Since the controller is not involved 
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with maintaining both queues, there is no possibility of lost data 
because one queue was being serviced while data for the other 
queue arrived. For these reasons the hardware FIFO represents 
the highest performance solution. 

If the designer uses large FIFOs like the IDT7202, there is a 
minimum of device count. Assuming 2 FIFOs (transmit and 
receive) for each I/O port gives a count of four 28-pin devices for 


the FIFO solution. The DMA solution would at least be one 40-pin 
device and several bus buffer/control devices. The interrupt 
solution would require a similar parts count to the DMA solution. 
Therefore, the FIFO solution is not only the highest performance 
solution but usually has the lowest part count of the hardware 
solutions. 


a) The total 

software solution. 


b) The interrupt 
solution. 


c) The Direct 
Memory Access 
solution. 


d) The FIFO 
solution. 
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COMMUNICATIONS-MULTI PLEXOR 
APPLICATION 

Another example of a rate mismatch problem is shown in a 
CRT terminal and CPU interface. In order to not load the CPU 
with the burden of monitoring the UARTs of multiple CRTs and 
printers, a communications controller is employed. The controller 
can serve as a communications multiplexor and data concen- 
trator (see Figure 11). 

As the controller receives characters it must buffer them such 
that if multiple characters are received close together from 
several terminals, they will not be lost as more characters come 
in. The natural structure to store them in is a queue of the FIFO 
type. The CPU will then need to respond to the characters. If the 
controller is inputing other characters, the CPU should not have 
to wait until the controller is done. Therefore, a FIFO can be 
employed on the transmit side as well as the receive side. To 
make the design simple, two sets of FIFOs could be placed 
between the CPU and controller. When characters are received 
they are placed in one end of a FIFO and read from the other end 
by the CPU. As the CPU prepares characters for transmission, it 
places them in a FIFO going the other direction. The controller 
then reads them from the other end of the transmit FIFO and 
sends them out through the UART. 

Conceivably, there could be a pair of FIFOs for each UART. 
That way it would be easy for both the controller and the CPU to 
keep straight which characters correspond with which UART. 
While this provides for a large total of buffer space for characters, 
it is more than needed when using a part like the IDT7201/7202. 
For eight UARTs, this scheme would require a minimum of 
sixteen FIFO devices. A better solution would be touseoneFlFO 
device in either direction. If an IDT7202 were used, it could 
provide a maximum of up to 128 characters per UART if all the 
UARTs input at the same time and rate. While the two FIFO 
techniques would most likely provide plenty of buffering at a 


minimal device count, it presents the problem of which character 
belongs to which UART. The solution is to make a wider FIFO 
which is 18 bits wide; thus using 4 devices instead of 16 devices 
for 8 UARTs. This would allow for a UART number to be placed in 
the FIFO along side each character. The remainder of the word 
could be used for flag, status and command information between 
the CPU and the controller. For example, several of the bits in the 
FIFO word could indicate whetherthe character information was 
a character to send or BAUD change rate information. 

The empty and full flags of the IDT7201/7202 FIFO would be 
used as status flags. For example, the transmit buffer must be 
monitored from both sides. As the CPU prepares a character to 
transmit, it would first examine the full flag (FF) to see if the FIFO 
is full. If the FIFO was full, it would delay outputting the character. 
If the buffer is not full then it would place the character in the 
FIFO. The empty flag (EF) would be monitored by the controller. 
As soon as the CPU places a character into an empty FIFO, the 
empty flag would change to not true. At this point the controller 
would know there was a character in the buffer which could be 
transmitted. The controller would read characters from the buffer 
as long as the empty flag was not true (buffer contains more than 
one character). 

CONCLUSION 

Hardware FIFOs are an economical memory organization to 
use when lists of data items are to be buffered. Because they do 
not require an address to access items in the list, there is less 
overhead in terms of circuitry and access time. The FIFO buffer is 
most often used as a “system rubber band” to stretch between 
the differing and fluctuating rates of different elements in a 
system. The IDT7201/7202 FIFO device features the newest 
RAM-based architecture and provides the latest in technology in 
terms of access time, fall-through time and size, thus providing 
the most economical solution for today’s design needs. 



Figure 11. Communications Controller example. 
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By David C. Wyland 


INTRODUCTION 

Dual-port RAMs allow two independent devices to have simulta- 
neous read and write access to the same memory. This allows the 
two devices to communicate with each other by passing data 
through the common memory. These devices might be a CPU and 
a disc controller or two CPUs working on different but related tasks. 
The dual-port memory approach is useful and popular because it 


allows the same memory to be used for both working storage and 
communication by both devices and avoids the need for any spe- 
cial data communication hardware between the devices. The latest 
development in dual-port RAMs has been the appearance of high 
speed dual-port RAM chips. These chips allow high speed access 
by both devices with the minimum amount of interference and de- 
lay. Integrated Device Technology offers a family of these devices 
as shown in Table 1. 



Width 

Size 

X8 

IK 

2K 





4K 

XI 6 

2K 



Support Logic 


Busy Logic 


Interrupt 1 Semaphore 

MASTER SLAVE 


IDT71321 

IDT71421 

IDT71322 

IDT7134 

IDT71342 

IDT7133 


Table 1. Dual-Port RAMs Available from Integrated Device Technology 

DUAL-PORT RAMS: SIMULTANEOUS ACCESS memory location at the same tii 

A dual-port memory has two sets of address, data and read/ v f ry few ! me ^ u ^ l "P ort ™® mor 
write control signals, each of which access the same set of memory g e se o con ro s or address 

cells. This is shown in Figure 1 . Each set of memory controls can sin ^ . s : . y ° u ^ anta 

independently and simultaneously access any word in the mem- ° (3esi9 ' 3 °9 IC 0 ma 

ory including the case where both sides are accessing the same ° ua ' port in °P eratlon - 

DUAL-PORT MEMORY 



memory location at the same time. Up to this time, there have been 
very few true dual-port memories available. Memories have a sin- 
gle set of controls for address, data and read/write logic and are 
single-port RAMs. If you wanted a dual-port RAM function, you had 
to design special logic to make the single-port RAM simulate a 
dual-port RAM in operation. 



BUSY. INTERRUPT, 
SEMAPHORE 


BUSY, INTERRUPT, 
SEMAPHORE 


Figure 1. Dual-Port Memory Block Diagram 
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Direct Memory Access (DMA) as a Dual-Port beginning. It is known under the name Direct Memory Access, or 

Memory Simulation DMA. In the DMA concept, a single memory is shared between the 

The concept of using a conventional memory to simulate a dual- CPU and one or more 1/0 devices as shown in Fi 9 ure 2 ‘ 

port RAM has been common in computer systems al most from the 



Figure 2. DMA Memory System Block Diagram 


Each device wishing to use memory submits a request to the 
arbitration logic. The arbitration logic responds by connecting the 
memory address, data and control lines to one of the requesters 
and tells any other requesting devices to wait by issuing a busy sig- 
nal . The busy signal causes the memory access logic in the device 
to wait until busy has gone away before performing a memory 
transfer. 

DMA Limitations: Waiting for the Bus 

In a computer system with DMA, the CPU must stop and wait 
while an I/O device is doing DMA transfers to memory. This works 
well in typical systems where the I/O devices are transferring data 
only a small percentage of the time and the impact on CPU proc- 
essing time is minimal. These assumptions do not hold where you 
have two CPUs trying to use the same memory. In this case, one 
CPU must wait while the other uses the memory. As a result, the 
average speed of the CPUs will typically be cut in half. 

There are two solutions to this problem: 1) You can provide local 
memory for both CPUs and limit use of the common memory to 


CPU/CPU communication only, in an attempt to reduce the time 
impact of DMA waiting, or 2) you can provide true hardware dual- 
port memory between the CPUs and all simultaneous high-speed 
access by both CPUs to the same memory without waiting. The 
introduction of high-speed dual-port RAM chips now makes the 
second option practical. 

Dual-Port RAM Chips: How They Work 

A true dual-port memory allows independent and simultaneous 
access of the same memory cells by both devices. This means two 
complete and independent sets of address, data and read/write 
logic and memory cells that are capable of being read and written 
by two different sources. An example of the dual-port memory cell 
is shown in Figure 3. In this cell both the left and right hand select 
lines can independently and simultaneously select the cell for read 
out. In addition, either side can write data into the cell independent 
of the other side. The only problem would be when both sides try to 
write into the same cell at the same time. We will discuss this in a 
moment. 


L SELECT 
(DECODED 
ADDRESS) 

L WRITE 



R SELECT 

(DECODED 

ADDRESS) 

R WRITE 
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DUAL-PORT RAM CONTROL LOGIC 

Dual-port RAM chips include control logic to solve three com- 
mon application problems: signaling between processors, timing 
interactions when both are using the same location and hardware 
support for temporary assignment (called allocation) of a block of 
memory to one side only. 

Interrupt Logic For Signaling 

A common problem in dual-processor systems is signaling be- 
tween the processors. For example, processor A needs to signal 
processor B to request a task to be performed, as defined by data in 
the common memory. When processor B has completed the task, 
it needs to signal processor A that the task is done. Note that the 
signaling must occur in both directions. A common form of signal- 
ing is for one processor to cause an interrupt on the other proces- 


sor. This allows the receiving processor to be informed of a com- 
munication without having to constantly check for it. 

Hardware support for this signaling function is provided by inter- 
rupt logic, available on certain IDT dual-port RAM chips. A block 
diagram of this logic is shown in Figure 4. In these chips, the top 
two addresses of the memory chip also serve as interrupt genera- 
tors for each of the ports. If the left side CPU writes into the even 
address of this pair (3FF in a 1 K RAM) an interrupt latch is set and 
the interrupt line to the right hand port is activated. This interrupt 
latch is cleared when the right hand CPU reads from the even ad- 
dress. A similar set of logic is provided to allow the right hand CPU 
to interrupt the left hand one. This logic is associated with the odd 
address of the pair (3FE in a IK memory). Providing this logic on 
chip saves the system designer from having to design in extra logic 
to allow one CPU to interrupt the other. 



R SIDE 
ADDRESS 


Busy Logic Solves Interaction Problems 

A problem can occur with dual-port memories when both ports 
attempt to access the same address at the same time. There are 
two significant cases: when one port is trying to read the same data 
that the other port is writing and when both ports attempt to write to 
the same word at the same time. If one port is reading while the 
other port is writing, the data on the read side will be changing dur- 
ing the read and a read error can be caused. If both ports attempt to 
write at the same time, the memory cell is being driven by both 
sides and the result can be a random combination of both data 
words rather than the data word from one side or the other. Busy 
logic solves this problem by detecting when both sides are using 
the same location at the same time and causing one side to wait 
until the other side is done. 

Note that although one or the other processor may have to wait 
occasionally, the throughput loss is minimal, typically less than 
0.1 %. This is because the probability of both processors using the 
same location at the same time is small. For example, if there are a 
thousand words in memory with a relatively uniform and random 


access of these locations by either side, the probability of a given 
location being accessed by one side is of the order of one part of a 
thousand. The probability of both sides accessing the same loca- 
tion at the same time is, therefore, of the order of one part in a mil- 
lion. As a result, the average throughput of the system is reduced 
by only one part per million due to dual-port RAM access conten- 
tion (again, assuming uniform random address access by both 
sides). 

Busy Logic Design 

Busy logic is called hardware address arbitration logic because 
it consists of hardware that decides which side will receive a busy 
signal if the addresses are equal. It consists of common address 
detection logic and a cross coupled arbitration latch. A logic dia- 
gram of the type of busy logic used in the IDT dual-port RAM chips 
is shown in Figure 5. The purpose of this logic is to provide a busy 
signal for the address that arrived last, to inhibit writing to the busy 
port and to make a decision in favor of one side or the other when 
both addresses arrive at the same ti me. This logic consists of a pair 
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of address comparators, a pair of delay buffers, a cross-coupled 
latch and a set of busy output drivers. The address comparator out- 
put goes true when the addresses at its inputs are equal. 

In the logic shown in Figure 5, the ability to detect which address 
arrived last is provided by the time delay buffers between address 


lines and the comparators. If we assume that the L address is stable 
and the R address changes to match the L address, the R address 
comparator will go true immediately while the L address compara- 
tor will become active some time later as determined by the time 
delay gates. 



A B 

Figure 5. Dual-Port Busy Logic Design 


The arbitration latch formed by the L and R gates reflects the ad- 
dress comparator output timing. This latch has three stable states, 
both latch outputs A and B high, A low/B high and A high/B low. 
Initially, both A and B are high because the outputs of both address 
comparators are low. We start with the L address stable and the 
R address arriving later. When the R comparator becomes active 
its output will go high and B will go low. The A output will remain 
high because its address comparator input will go high sometime 
later and the L gate input from B output will go low before this oc- 
curs. The result is that the R gate B output will be active inhibiting 
writing to the R side of the dual-port RAM and activating the busy 
signal to the R port. 

The extreme case of busy logic decision making is when both 
addresses arrive at exactly the same time. In this case, the outputs 
of both address comparators go high at the same time activating 
both sides of the arbitration latch. The latch will settle into one of 
two states with either the A or the B latch output being active. The 
latch design ensures that a decision will be made in favor of one 
side or the other. 

The chip enable lines come directly into the arbitration latch, 
although they could have been brought into the address co- 
mparators along with the other address lines. This is because if the 
chip enable for one side is inactive, both reading and writing for 
that side is automatically inhibited and/or arbitration is not needed. 
If the addresses are equal, the chip enable that arrives last will lose 
the arbitration. If both chip enables are active then arbitration will 
be determined by the settling of the address lines. 

Temporary Assignment of Memory to One Side 

A common problem in dual-port RAM application is the need to 
temporarily assign a block of memory to one side. For example, 


sometimes you need to update a data table as whole and you can- 
not allow the other processor to use the table until you are done. 
This is called block allocation of the memory. 

Block allocation can also be used to avoid the address arbitra- 
tion problem since it is a way of ensuring that both sides do not 
use the same address at the same time. This method is also called 
software arbitration because the software on both sides decides 
and agrees as to who has permission to use a given portion of the 
memory. Software allocation has the advantage of not requiring 
busy logic, which is useful in systems which cannot accommodate 
a busy signal. 

The design problem with block allocation is communication of 
the assignments between the CPUs. A simple but time consuming 
method is to pass messages between the CPUs, perhaps aided by 
interrupt logic. In the message method, processor A requests use 
of a block from processor B. Processor B agrees and sends per- 
mission back to processor A. When A is finished it sends a release 
message to B which responds with a release acknowledge to A. In 
this system, four messages are sent for each block assigned and 
released. 

Semaphore Logic Support for Memory 
Assignment 

Although block allocation is a software technique, it can benefit 
from hardware support. In message passing allocation, four mes- 
sages must be passed to assign and release a block of memory. 
Semaphore logic, available in certain IDT dual-port RAMs, can be 
used to eliminate this message passing and its associated over- 
head. Semaphore logic provides a set of flags especially designed 
for the block assignment function. Each flag is used as a token to 
indicate which CPU has permission to use a block of memory. 
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Each semaphore flag can be set to one side or the other but not 
both. This ensures that only one side has permission to use the 
block of memory. 

The IDT semaphore logic bits are designed to be used in a 
set-and-test sequence. Each bit is normally in the logic one state, 
indicating that it is not assigned to either side. A processor, desir- 
ing to assign a bit and, therefore, its associated block of memory, 
attempts to write a zero into the bit. It then reads the bit to see if it 
was successful. If it was, the bit will read zero, and the processor 
has use of the block. If it reads a one, it was unsuccessful, and the 
block is in use by the other side. The processor must then wait until 
the bit becomes zero, indicating that the other side has released it. 


Semaphore flags have a particular requirement: a given flag can 
be assigned to only one side at a time. Specifically, you must 
not have a situation where both sides simultaneously think they 
have permission to use a block. Semaphore logic is designed to 
resolve this problem. If both sides attempt to set a semaphore flag 
at exactly the same time, only one side sees it set. 

Semaphore flags consist of eight individually addressable dual- 
port latches. Each latch can be read and written by either side. 
They are selected by a separate chip enable, addressed by the 
three last significant bits of the address lines and are read and writ- 
ten through the D 0 data bit. Except for sharing the address, data 
and read/write pins of the RAM, the semaphore latches are com- 
pletely independent, as shown in Figure 6. 


DUAL-PORT MEMORY 



Figure 6. Dual-Port RAM Semaphore Logic 


A logic diagram of a semaphore logic flag is shown in Figure 7. 
In this logic, both flip-flops are initially at logic one and both Grant 
outputs are high. If only one flip-flop is set to zero, its correspond- 
ing Grant output will go to zero. If the other flip-flop is set later, this 


will have no effect. If both flip-flops are set at the same time how- 
ever, the latch will settle so that only one Grant output goes 
low, ensuring that only one side receives permission to use the 
resource. 


L FLIP-FLOP 


R FLIP-FLOP 


L REQUEST 


L WRITE 
SEMAPHORE 


L GRANT 



SEMAPHORE 

ARBITRATION 

LATCH 


Figure 7. Semaphore Logic Design 


DUAL-PORT RAM CHIP TIMING 

The dual-port RAM has a simple static RAM interface and timing 
requirements. There are some special requirements associated 
with Busy, however. A timing diagram, shown in Figure 8, shows 
the relationships between address, data, read/write, chip select 


and busy signals for a dual-port RAM chip and busy logic. In this 
diagram, the chip select is used to enable the chip for a read or 
write operation after the addresses have settled. An arbitration is 
performed at the leading edge of the chip select. 
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Busy Logic Timing 

In the case of address contention, the busy signal from the los- 
ing RAM port stabilizes some time after the leading edge of its chip 
select (or after its address settles, whichever comes last). If the 
busy signal is going to become active, it will become active during 
this time or not at all. If the busy signal is generated, the CPU must 
wait for busy to go away before completing the read or write cycle. 
Once the busy signal has gone high the memory read or write cycle 
can proceed to completion. 

Note that during the arbitration time following the chip select the 
busy signal may be changing. Since it is possible to have a glich on 
the busy line during this indeterminate period, the busy line should 
be sensed as a level rather than as an edge. 

Busy arbitration will be somewhat slower in the extreme case 
where both addresses arrive at exactly the same time. This is be- 
cause both gates of the arbitrator latch are initially inactive and 
must settle into a state where only one of them is active. There will 
be a period of time when both gates are in transition. This is called 
the metastable condition and is a classic and unavoidable problem 
in latch and flip-flop design. As a result, the busy settling time 
is somewhat longer in the low probability worst case than in the 
commonly observed typical case. The maximum arbitration times, 
t B AA and t BA Q, on the data sheet give the worst case values, in- 
cluding metastability setting, for these times. 

Read/Write Timing with Busy 

The read and write timing for either port of the dual-port RAM 
chip is the same as a simple static RAM in the absence of address 
contention. All the standard timing measures apply: read data ad- 
dress access time is t M , etc. 

Dual-port RAMs have additional timing specifications for the 
case of address contention where one port is busy and waiting for 


access. For the most general and conservative case, the read or 
write cycle for the waiting side should begin after the busy signal 
goes away. The actual timing can be somewhat shorter than this in 
most cases. 

For the case where the waiting side is waiting to write, the write 
timing requirement is that the write pulse width be measured from 
busy going away. For the case where both sides are reading, the 
data will be available at the outputs one access time after the ad- 
dress/chip select lines settle even though the busy line is active. In 
the most common case, the trailing edge of busy will occur more 
than one access time after the address and data for the busy side 
have settled. As a result, the read access time as measured from 
the trailing edge of busy, for this case t BDD , is effectively zero. 

The write/read case, waiting to read while the other side is writ- 
ing to the same location, has some additional timing specifica- 
tions. Since writing to a location by the L side, for example, will 
involve changing the data the cell being read by the R side, there 
is a write-to-read propagation delay time. This time is t WDD for the 
delay for constant write data from the leading of the write pulse to 
the read data, and t DDD forthe delay for changing write data from a 
change of the write data to the read data. 

If the writing side is running at minimum values for the write 
pulse or write data set-up times, the read access time,t BDD , will 
no longer be zero. The actual t BDD will be equal to t WDD minus the 
actual write pulse width or t DDD minus the actual write data set-up 
time, which ever is larger (and greater than zero). Note:t BDD is 
always less than t AA for the worst case of minimum write values. 
This is why the read or write cycle is begun from the trailing edge of 
busy for the most conservative case recommended above. 
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DUAL-PORT MEMORY EXPANSION: MAKING BIG 
ONES OUT OF LITTLE ONES 

Dual-port RAM chips can be combined to form large dual-port 


memories. Expansion in memory depth with dual-port RAMs is 
similar to expansion in depth for conventional RAMs. An example 
of this kind of expansion is shown in Figure 9 where and 8K x 8 
dual-port RAM has been made out of 2Kx 8 dual-port RAM chips. 
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Figure 9. Depth Expansion of Dual-Port RAMs 


A-to-Ao (R) 
D7-D0 (R) 
WRITE (R) 
READ (R) 
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BLcicK SELECT 


BUSY (R) 


Width Expansion: The Busy Lock-up Problem 

Dual-port RAMs can also be expanded in width. However, in this 
case, we have a subtle problem. Expansion in width implies that 
several dual-port RAM chips will be active at the same time. This is 
a problem if several hardware arbitrators are active at the same 
time. If we examine the case of a 16-bit RAM made out of two 8-bit 
RAMs, we can better understand the problem. If the addresses for 


both ports arrive simultaneously at both RAMs, it is possible for one 
RAM arbitrator to activate its L busy signal and the other RAM to 
activate its R busy signal. If both busy signals are used on each 
side, we now have a situation where both sides are simultaneously 
busy. The system is now locked up since both sides will be busy 
and both CPUs will wait indefinitely for their port to become free. 
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problem are shown in Figure 10. One solution is to add external 
logic to the chip-enables of additional dual-port RAM chips. The 
logic gates shown cause the SLAVE RAM chip select to be dis- 
abled if the MASTER RAM is busy. Since only one set of arbitration 
logic is controlling the system the problem of SLAVE lock-up is 
avoided. 



Width Expansion with SLAVE Logic (Not Recommended) 
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Width Expansion with SLAVE Chips (Recommended) 


Figure 10. Width Expansion of Dual-Port 
RAMs 


The second, more desirable solution, is to use specially de- 
signed dual-port RAM SLAVE chips which are part of IDT’s product 
line. These SLAVE chips incorporate the SLAVE disable logic inter- 
nally so that no additional logic is required to make a MASTER/ 
SLAVE combination. In the SLAVE chip, the busy pin serves as an 
input rather than an output. If the MASTER chip activates busy, the 


SLAVE chip will sense this busy state and internally disable its 
write enable. SLAVE chips provide a speed advantage 
over systems which use external logic to implement the SLAVE 
function. Since the SLAVE logic is built into the SLAVE RAM chip, it 
can be designed so that there is no speed penalty when using 
SLAVE chips to expand the dual-port RAM width. 
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Width Expansion: Write Timing 

When expanding dual-port RAMs in width, the writing of the 
SLAVE RAMs must be delayed until after the busy input at the 
SLAVE has settled. Otherwise, the SLAVE chip may begin writing 
while the busy signal is settling. This is true for systems using 
SLAVE chips and for systems using conventional dual-port RAMs 


with SLAVE logic. This delay can be accomplished by delaying the 
write enable to the SLAVE by the arbitration time of the MASTER. 
This is shown in Figure 11. 
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Figure 11. MASTER/SLAVE Write Timing 


Note that the write delay is required only in width expanded 
systems which use SLAVE RAMs, not in single chip or depth ex- 
panded systems where only one chip is active at a time. This is 
because the individual chips have a built-in delay between the chip 
select and write enable inputs and the internal write enable to the 


RAM. Separate timing must be supplied in the SLAVE case be- 
cause this internal delay time can be balanced to the arbitration 
time only within a chip and can vary from chip to chip. If the delay 
time for the SLAVE is less than the arbitration time of the MASTER, 
writing could begin before busy became active, as above. 
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Width and Depth Expansion: An Example 

These techniques for expanding dual-port memories in width 
and depth are combined in the example shown in Figure 12. In this 


example, an 8K x 16 dual-port memory is made from 2K x 8 chips in 
MASTER/SLAVE combination. 
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Figure 12. Width and Depth Expansion of Dual-Port RAMs 
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USING THEM: DUAL-PORT RAM APPLICATION 
EXAMPLES 

Examples of dual-port RAMs used for CPU-to-CPU communi- 
cation are shown in Figures 13, 14 and 15. In Figure 11, a pair of 
8-bit processors communicate using a single 2K x 8 dual-port RAM 
chip. In Figure 12, there is a similar system where a pair of 16-bit 
processors communicate using a pair of dual-port RAM chips and 
a MASTER/SLAVE configuration. Finally, in Figure 13, we have an 


8-bit processor communicating with a 16-bit processor through 
two 2K x 8 dual-port RAMs. 

In Figure 13, two Z80 microprocessors communicate using a 
single IDT7132 dual-port RAM chip. The IDT7132 is controlled by 
the chip enable. The write enable is set up in advance by the WR 
signal from the Z80 and the chip enable is used to write data into 
the RAM or to gate the read data onto the Z80 bus. The output en- 
able (not shown) is tied to ground (continuous enable). The write 
enable is used to disable the output drivers. 
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Figure 13. 8-bit to 8-bit CPU Communication 
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In Figure 1 4, two 68000 microprocessors communicate through 
a pair of dual-port RAMs. A IDT7132/7142 MASTER/SLAVE pair is 
used to avoid the busy iock-up problem. Note that the Address 
Strobe (AS) from each 68000 is used with an address decoder to 


enable the dual-port RAM chips. This is to maintain the address for 
read-modify-write cycles so that arbitration is not lost between the 
read and the write. This is important for test and set instructions, for 
example. 
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Figure 14. 16-bltto 16-bit CPU Communication 
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In Figure 15, a Z80 and a 68000 communicate using a pair of 
IDT7132 dual-port RAMs. No SLAVE logic is required because the 
Z80 side chip enable decode ensures that only one RAM chip will 


be enabled at a time. Otherwise, this figure is a combination of the 
logic from Figures 13 and 14. 
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Figure 15. 8-bItto 16-blt CPU Communication 


SUMMARY AND CONCLUSION 

The development of true dual-port memories in integrated cir- 
cuit form provides the designer with the ability to set up communi- 
cation between components of a computer system while avoiding 
many of the problems of prior systems. While the concept of dual- 
port memory has been with us from the early days of computing in 


the form of DMA, the new dual-port ICs can provide this function 
at very high speeds and without the delays associated with earlier 
designs. Because of the utility of the dual-port memory concept 
these chips should come into wide spread use and become one of 
the standard components used by the computer designer. 
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INTRODUCTION 

As a computer-science corollary to Parkinson’s First Law, “Work 
expands to fill the time available," it is observably always true that 
“Computer software expands to fill the memory available." There Is 
an insatiable demand for higher speed and denser memory, be it 
dynamic RAM or static RAM. However, there are reliability consid- 
erations that have to be made in large memory systems that must 
always provide correct data. This application note deals with meth- 
ods of enhancing data integrity and system performance by using 
Error Detection and Correction (EDC) logic circuits. 

TYPES AND SOURCES OF ERROR 

In memory systems, two types of errors can occur - hard errors 
or soft errors. A hard error is a permanent error and it occurs when a 
memory location is stuck-at-one or stuck-at-zero. A soft error is 
temporary, random and correctable. As these errors are non-recur- 
ring and non-destructive they can be corrected using EDC logic. 

Hard errors are caused by factors such as interconnect failures, 
internal shorts and open leads. Soft errors can be caused by sys- 
tem noise, power surges, pattern sensitivity and alpha particle ra- 
diation. The charge of an alpha particle can become comparable 
to the charge on memory cells as geometries shrink. This implies 
that susceptibility to alpha particle radiation is likely to increase as 
memory densities increase; however, memory manufacturers try 
to reduce or eliminate the problem through design or packaging 
techniques. 

In spite of that, there is a probability of failure or error, especial ly 
where large systems are concerned. A graph that shows the trend 
of error rate versus chip density for dynamic RAMs is presented in 
Figure 1. One can calculate the Mean Time Between Failures 
(MTBF) for a DRAM system quite easily based on such data from a 
DRAM manufacturer. 

A common method to examine data integrity is to incorporate 
parity. In a simple case of a three-bit number and one parity bit, the 
following relationship exists as shown in Table 1: 


TABLE 1 


DATA 

ODD PARITY 

000 

1 

001 

0 

010 

0 

011 

1 

100 

0 

101 

1 

110 

1 

111 

0 


The odd parity is generated by an exclusive-NOR operation of 
the data bits. An error can be identified by taking the entire word 
and the parity bit, called a code, and performing an exclusive-OR 
operation. If the exciusive-OR result was a one, it indicates that the 
data was probably correct and the combination of the data and par- 



Figure 1: Typical Error Rates 


ity bits represent a valid code; “probably” is mentioned, and will be 
explained in the following lines. However, if the exclusive-OR result 
was a zero, then it can only be identified that an error occurred and 
the combination of the data and parity bits represent an invalid 
code. 

Another interesting aspect of Table 1 is the fact that to go from 
one valid code, say 0001 , to another valid code, 0100, at least two 
bits have to change. This is called a distance of two. If only one bit 
changed on the code, it could be used to identify an error, but it 
could not point to the correct valid code. For example, if an invalid 
code of 0011 is seen, it lies between 0001 and 0010 and it is not 
possible to tell if the last data bit is in error or the parity bit is in error. 
Now, back to the mention of the word “probably”. If two bits in the 
data changed erroneously, the parity tree performing the exclu- 
sive-OR would not be able to catch that kind of an error. Detection 
codes using parity are therefore limited and useful only in detect- 
ing one bit in error (or any number of odd errors), and they cannot 
provide any correction. Unfortunately, they cannot detect two er- 
rors (or any even number or errors). 

The detection capability of the codes with different distances 
are shown in Figure 2. An invalid code that occurs in the distance of 
two cannot tell which bit was erring as outlined in the previous 
paragraph. Codes that keep a distance of three (or least 3-bits have 
to change to go from one valid code to another) can detect single 
bit errors and also correct them. However, codes with a distance of 
three cannot detect two failing bits. As shown in the distance of 
three examples, if a two-bit error occurs, it would be identified as if 
one bit failed. An invalid code associates detection/correction with 
the valid code adjacent to it rather than the other val id code that is a 
distance of two from it. Codes with a distance of four can detect all 
single-bit errors, detect all double-bit errors and also correct all sin- 
gle-bit errors. Double-bit errors are equidistant from two valid 
codes as shown by the central invalid code in Figure 2. The Single 
Error Correction and Double Error Detection (SECDED) capability 
is highly desirable for data integrity in high-reliability'computer 
systems. 
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o *• 

VALID CODE INVALID CODE VALID CODE 

DISTANCE OF TWO - DETECTS SINGLE BIT ERRORS 

CD CD 

VALID INVALID INVALID VALID 

DISTANCE OF THREE - DETECTS AND CORRECTS 
SINGLE BIT ERRORS 

— O O O — 

VALID INVALID INVALID INVALID VALID 

DISTANCE OF FOUR 

- DETECTS AND CORRECTS SINGLE BIT ERRORS 
- DETECTS DOUBLE BIT ERRORS 

Figure 2: Codes of Various Distances and Their Effectiveness 

EDC ICs TO THE RESCUE 

Codes with the distance of four are used in the 

IDT39C60/IDT49C460 Error Detection and Correction ICs. The 

overhead in the EDC implementation is additional check bits to the 
words in memory. For example, 6 bits are needed for 1 6-bit data, 7 
bits for 32-bit data, and 8 bits for 64-bit data to generate a distance 
of four. The code formed is a catenation of the word bits and the 
check bits and, as in the parity case, the code can be valid or inva- 
lid. The valid codes are a distance of four apart from the next valid 
code. Valid codes are implemented by generating check bits 
based on the data word and writing the check bits with the data bits 
to the memory. On reading the data and check bits from memory, a 
possibly valid or invalid code could have been read. The determi- 
nation of whether the code was valid or not is done by regenerating 
check bits using the data bits; these are compared (ex-ORed) to 
the check bits that were read and the result is syndrome bits. These 
syndrome bits are indicative of an error-free situation, or a single or 
double-bit error, and are used to determine validity of a code, and 
also to point to single-bit errors and identify the occurrence of two 
or more bits in error. 

As an example, let us write (FFFF) h as the data word. The corre- 
sponding check bits that will be written in the memory are 001100 
and can be computed using Table 2 which is based on a modified 
Hamming code. On reading back, if the data was FFFE and the 
data in position 15 had erroneously flipped from a “1” to a “0”, the 


regenerated check bits would be 000111 (based on FFFE). The 
syndrome bits are the ex-OR of the two sets of check bits and are 
00101 1 . Referring to Table 3, a syndrome of 001 01 1 indicates bit 1 5 
is in error and has to be flipped. 

The internal hardware of the IDT39C60 16-bit EDC, shown in 
Figure 3A, consists of ex-OR trees that can generate check bits and 
syndromes and also contains hardware to correct data. In addition, 
two or four IDT39C60s and some SSI, MSI can be connected to 
form 32-bit or 64-bit EDC systems. The IDT39C60 is a functional 
and pin-compatible replacement of the 16-bit 2960, and runs at a 
quarter of the power. Faster versions, such as the IDT39C60 and 
the IDT39C60A (the IDT39C60-1 replaces the Am2960-1 and the 
IDT39C60A is the fastest 16-bit EDC available), demonstrate that 
CMOS circuits can not only run cooler than their equivalent bipolar 
circuits, but also run faster with higher output drive. 

The architecture of a 32-bit EDC, the IDT49C460, is shown in 
Figure 3B. The IDT49C460 provides efficient means of generating 
check bits, calculating syndrome bits and correcting data bits on a 
32-bit data path. In addition, diagnostic capability is provided to 
verify data operations in the memory system and verify that the 
EDC 1C is functional too. 


TABLE 3. 

SYNDROME DECODE TO ERROR LOCATION/ 
TYPE 


SYNDROME 

S8 

0 

1 

0 

1 

0 

1 

0 

1 


BITS 


S4 

0 

0 

1 

1 

0 

0 

1 

1 




S2 

0 

0 

0 

0 

1 

1 

1 

1 

SX 

SO 

SI 










0 

0 

0 


* 

C8 

C4 

T 

C2 

T 

T 

M 

0 

0 

1 


Cl 

T 

T 

15 

T 

13 

7 

T 

0 

1 

0 


CO 

T 

T 

M 

T 

12 

6 

T 

0 

1 

1 


T 

10 

4 

T 

0 

T 

T 

M 

1 

0 

0 


cx 

T 

T 

14 

T 

11 

5 

T 

1 

0 

1 


T 

9 

3 

T 

M 

T 

T 

M 

1 

1 

0 


T 

8 

2 

T 

1 

T 

T 

M 

1 

1 

1 


M 

T 

T 

M 

T 

M 

M 

T 


NOTES: 

* = No errors detected 
Number= Number of the single bit-in-error 
T=Two errors detected 
M = Three or more errors detected 


TABLE 2. 16-BIT MODIFIED HAMMING CODE CHECK BIT GENERATION 


GENERATED 
CHECK BITS 

PARITY 

PARTICIPATING DATA BITS 

0 12 3 

4 5 6 7 

8 9 10 11 

12 13 14 15 

CX 

Even (XOR) 


m 

D 

D 


mm 



n 

mm 


D 



o 


CO 

Even (XOR) 

D 

MM 

D 


D 


a 


mm 


D 


n 




Cl 

Odd (XNOR) 

n 



D 

D 



mm 


mm 

MS 



mm 


a 

C2 

Odd (XNOR) 

D 

m 




E9 

mm 

a 




a 

a 

mm 



C4 

Even (XOR) 



D 

mm 

a 

mm 

mm 

mm 







a 


C8 

Even (XOR) 









■a 

mm 

a 

a 

a 

mm 

a 

a 


The check bit is generated as either an XOR or XNOR of the eight data bits noted by an “X” in the table. 
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Figures 4A and 4B show the dataflow for the generate and error 
detect/correct operations in the IDT49C460. In Figure 4A, check 
bits based on input data are generated by the EDC and are written 
to the check-bit memory along with the data. In Figure 4B, the data 
and check bits are read from the memory. Based on their values, 
the syndrome bits are generated inside the IDT49C460. If the EDC 
is in the correct mode, any single-bit error is corrected and the cor- 
rected data is placed in the output data latch. The syndrome bits 
are also available if error logging is done. 


Another necessary operation that is required is byte handling. 
When the memory is organized as a 32-bit word and an 8-bit up- 
date is being performed, it requires a 2-step operation. The first 
step is to read the 32-bit data and check bits, and correct any erro- 
neous single bit failure. The second step is to write the new byte 
with the three unmodified bytes back to the system memory. The 
check bits corresponding to the newly formed 32-bit word are gen- 
erated and also written to the memory. This operation is supported 
by having four separate output byte enables in the IDT49C460. The 
two-step process is shown in Figures 5A and 5B. 
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CEV e 


DATAq-7 

data 8 _ 15 

or BYTE 1 


LE, n 


D1AG 

CODE ID 
DIAG MODE 
PASS THRU 
GENERATE 
CORRECT 



Figure 3A: The IDT39C60 16-Bit EDC Architecture 



Figure 3B: The IDT49C460 32-Bit EDC Architecture 
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Figure 4A. Check Bit Generation In the IDT49C460 



Figure 4B. Error Detection and Correction Data Flow in the IDT49C460 
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Figure 5A. Byte-Write Operation, Step 1. Read 32-Bit Word 
and Correct Any Single-Bit Error 


Figure 5B. Byte-Write Operation, Step 2. Newly Generated 
Check Bits Corresponding to Bytes A, B, E, and D 
Are Written To Memory Along With Bytes A, B, E, and D 
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The IDT49C460 is expandable to 64-bit wordlengths as shown 
in Figure 6A. The external buffer may not be required if the path 
from the memory already has a three-state buffer in its output stage 
or externally in the data path to the EDC. Figure 6B shows a 2-step 
operation when an error detection and correction occurs in bit 
32-63 of the 64-bit word. The 1C on the first level, with the code 
ID = 10, receives the data bits 0-31 and all the check bits. In the ex- 
ample shown, bit 63 has erroneously flipped from a “1” to a “0". 
The partial syndrome bits are passed from the first device to the 
second. (The actual syndrome bits are generated from a table not 
shown in this article but are in the IDT49C460 data sheet.) The 
check input latch of the second device is open, due to its code 
ID = 1 1 , and the partial syndrome bits are combined with the data 
bits to generate the final syndrome bits. The final syndrome bits in- 
dicate that bit 63 is in error and it is inverted to produce a correct 
result. The final syndrome bits are also sent back to the first device, 
but the resulting syndrome does not alter any data bits in the first 
device. Therefore, the error correction is a 2-step process. In Figure 
6C, an error occurs in the bits 0-31. In this case, the partial syn- 
drome is sent to the second device. The second device generates 
the final syndrome and sends it back to the first device. Finally the 
erroneous bit is flipped over. In this case, a 3-step operation takes 
place. 


INPUT CHECK BITS 



OUTPUT SYNDROME/CHECK BITS 
Figure 6A. The IDT49C460 In a 64-Bit Configuration 

DATA CHECK 
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FFFFFFFFFFFFFFFE 30 


WRITE 
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FFFFFFFFF(CORRECTED 32-63) AE(FINAL SYNDROME) 
CODE = 10 FFFFFFFF(UNCHANGED 0-31) 


> 
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Figure 6B. Error Correction on a 64-Bit Word, 
When Error is in Bits 32-63 


DATA 

FFFFFFFFFFFFFFFF 
FFFFFFFEFFFFFFFF 
CODE = 10 FFFFFFFE(BITS 0-31) 

CODE = 11 FFFFFFFF(BITS 32-63) 
FFFFFFFFfBITS 32-63) 

CODE = 10 FFFFFFFF(CORRECTED BITS 0-31) 


CHECKTSYNDROME 


30(CHECK) WRITE 
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Figure 6C. Error Correction on a 64-Bit Word, 
With Error in Bits 0-31 


HOW THE IDT49C460 FITS IN A SYSTEM 

By virtue of their function, EDC ICs tie in closely with system 
memory architecture. Figure 7 shows a host that generates ad- 
dresses and accesses a memory system. The memory contains 
memory elements, error detection logic and interface circuits. 
These are needed to start a memory cycle, to send/receive data on 
the system bus, and to inform the host that it has completed the 
memory operation. 

One may use EDC for dynamic RAM memories or static RAM 
memories. Figures 8A and 8B show general configurations for 
DRAM arrays. Normally, in DRAM systems, separate pins exist for 
the DATAOUT and DATAiN-Therefore, IDT FCT244S can be used to 
provide an isolation between the DATA port of the EDC and the 
DATAOUT from the RAM. This isolation may be required after a 
read operation, and the EDC provides corrected data to the system 
and the DRAM. Another buffer is needed between the DATA port of 
the EDC and the system data bus to allow the corrected data to be 
placed on the system bus. The DRAM controller can be imple- 
mented using standard off-the-shelf products. An important opera- 
tion that has to be supported is byte or word handling. The 
IDT49C460 EDC configuration shown in Figure 8A has fourindivid- 
ual byte enable controls going to the IDT FCT244S and their com- 
plements to the IDT49C460. The IDT39C60 shown in Figure 8B has 
two individual byte controls to the IDT FCT244s and their comple- 
ments going to the IDT39C60. 

In static RAM systems, as shown in Figure 9, there is no need for 
a dynamic memory array controller; however, bidirectional buffers 
are required on the ports of the static RAMs as RAMs have common 
I/O lines for data. If the SRAMs had separate I/O pins for the data, 
the buffer configuration of the DRAM array could be used. 

The timing controller, common to both DRAM and SRAM sys- 
tems, controls the buffers and the EDC ICs. This is an interesting 
task to the memory system designer, as a choice of EDC architec- 
tures are available. 
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Figure 7. A Typical High-Reliability Memory System 
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CONTROL BUS ADDRESS BUS CONTROL BUS ADDRESS BUS 


Figure 8A. EDC Logic in 32-Bit DRAM-Based Memory Systems 


STATIC RAM ARRAY 



CONTROL BUS ADDRESS BUS 


Figure 9. EDC Logic in 16-, 32- or 64-Bit Static RAM-Based Systems 


Figure 8B. EDC Logic in 16-Bit DRAM-Based Memory Systems 

BUS-WATCH AND FLOW-THROUGH EDC 
ARCHITECTURE 


The architecture of EDC ICs can be categorized as Bus-Watch 
and Flow-Through as shown in Figure 10. In a bus-watch architec- 
ture, there is only one bus to handle the data and one set of pins that 
handle incoming data from the memory, corrected data from the 
EDC, and incoming data from the system to be written to the mem- 
ory. The IDT39C60 and IDT49C460 are based on a bus-watch ar- 
chitecture. In a flow-through architecture, such as Intel’s 8206, 
there are two ports that handle data movement. The 
WDin^Dout handle incoming data from the system so that the 
EDC can generate check bits. The second function of the 
WDin/Dout is to supply the corrected data to the system and the 
memory. The second set of pins, Din, only handle incoming data 
from the FtAM. These architectures lend themselves to “Check 
Only” and “Correct Always” configurations. 

The “Check Only” method is used in high-performance sys- 
tems. The memory system always sends data directly to the host 
when a read is requested. In the event a single bit error occurs, one 
approach is that the read cycle is delayed and a correction is per- 
formed. The corrected data is sent to the host and written into the 
memory. In this case, the timing control circuit would disable the 
Memory Data Out Buffer (the IDT FCT244 for the DRAM case and 
the IDT FCT245 for the SRAM case) and put corrected data from 
the EDC 1C onto the system data bus, also writing the corrected 
data back into the memory array. For the “Check Only” method, a 
DATA TO ERR parameter is of key concern to designers as this can 
be used to generate the DTACK, READY or BERR signals to the 
host. 
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The other option is that a “Correct Always” method is used. In 
this case, the EDC always corrects data (regardless of the fact that 
it may be error-free), sends it on the system data bus and writes it 
back to the memory. In this case, the cycle time for the data read 
includes the “DATAinTO CORRECTED DATAoirT parameter for 
the EDC. The IDT49C460 and t he IDT39C60 provide the fastest 
timings for the “DATAin to ERR” and “DATAin TO CORRECTED 
DATAoirT parameters when compared to other currently available 
32-bit and 16-bit EDCs. This was made possible by using IDT’s 
CEMOS™ technology. 

The IDT49C460B dissipates only 95mA and the IDT39C60A dis- 
sipates only 85mA over the commercial temperature range. The 
quiescent power consumption is only 5mA for the IDT49C460B 
and the IDT39C60A. 

The delay for the DATAin to ERR is only 25ns for the stand- 
alone 32-bit IDT49C460B (worst case commercial) and 42ns for 
the 64-bit cascaded case. The delay in DATAinTO CORRECTED 
DATAoirris only 32ns for the stand-alone case and 57ns for the 
64-bit cascaded case. These parameters are very important when 
considering EDC ICs discussed further in a later section. They are, 
however, shown in Tables 4 and 5 for the 16-bit IDT39C60 and 
32-bit IDT49C460, respectively. 

The acid test is how a flow-through architecture compares in 
performance to a bus-watch architecture in the “Check Only” 
mode and the “Correct Always” mode. In Figure 1 1 , a flow-through 
EDC device is connected to a DRAM array system for “Check 
Only" operations. Data from the memory goes through the 
IDT FCT244 buffer to the system bus di rectly and simultaneously 
to the EDC device. Within the DATAin to ERR of the device, it is de- 
termined if a single-bit error occurred and, if so, a timing controller 
would disable the IDT FCT244 and allow corrected data to be sent 
on the system bus via the IDT FCT245. 


MEMORY 



MEMORY 



Figure 10. Architecture of Bus Watch and 
Flow-Through EDC Logic 


A bus-watch EDC in a “Check Only” configuration is shown in 
Figure 12. The data path from the DRAM to the EDC goes through 
one IDT FCT244 dela y and is identical to the flow-through case. Af- 
ter that, the DATAin to ERR delay determines whether or not the cy- 
cle would be stretched. The data from the DRAM goes through an 
IDT FCT244 buffer and an IDT FCT245 buffer in the bus-watch 
case. One emerging fact is that the time it takes to make a decision 
to stretch a memory cycle is the same for bus-watch and flow- 
through EDC parts and is determined by the DATAin to ERR of the 
respective devices. 

In the flow-through “Correct Always" configuration, as shown in 
Figure 13, data has to always pass through the EDC and any 
IDT FCT245 and then go on to the system bus. In the case of bus- 
watch ICs, data from the DRAM goes through an IDT FCT244, in 
and out the EDC device and through an IDT FCT245, as shown in 
Figure 12. A bus switch has to take place every cycle as memory 
data comes into the EDC, is corrected and then transferred to the 
system bus. In a practical design this bus switch may be the long- 
est delay path for “Correct Always”. 


TABLE 4: 

KEY PARAMETERS FOR THE 
IDT39C60/-1/A FOR COMMERCIAL RANGE 



IDT39C60 

IDT39C60-1 

IDT39C60A 

DATAim to err 

32ns 

25ns 

20ns 

DATAin TO 

CORRECTED DATA out 

65ns 

52ns 

30ns 


TABLE 5: 

KEY PARAMETERS FOR THE 
IDT49C460/A/B FOR COMMERCIAL RANGE 


CONDITIONS 

IDT 

49C460 

IDT 

49C460A 

IDT 

49C460B 

2-49C460BS 

FOR 

64-BIT EDC 

DATAin 

TO ERR 

40ns 

30ns 

25ns 

42ns 

DATA in TO 

CORRECTED 

DATAqut 

49ns 

36ns 

30ns 

57ns 


MEMORY 



ERR 

Figure 11. The “Check Only” Configuration for Flow-Through EDC ICs 
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Figure 12. The Bus-Watch EDC In “Check Only” or 
“Correct Always” Configurations 



Figure 13. Flow-Through EDC in “Correct Always” Mode 


However, if just the specification is being reviewed, the flow- 
through path is shorter by an IDT FCT244 delay. A specification 
comparison is that the “DATAinTO CORRECTED DATAout” de- 
lay of a flow-through EDC part should be compared to the “DATAin 
TO CORRECTED DATAOUT” delay of the IDT49C460 plus an ex- 
ternal 7ns buffer delay (for the IDT FCT244). However, in an actual 
system such as the one in Figure 8A, a “bus-switch” has to take 
place, as explained below. 

In a DRAM system that has a bus-watch EDC, a sequence of 
events has to be created by the timing controller that was shown in 
Figure 8A. The timings that the controller generates are shown in 
Figure 14. The example being considered is “Correct Always." The 
RAS, CAS, WE signals have to be generated to read data from the 
DRAM. The read takes place before state 7, and the read data is 
latched in the DATAin latch of the EDC. It is then corrected and the 
corrected data can be latched in the DATAout latch. The data cor- 
rection can take place between states 7 and 1 0. Any time after state 
10, the EDC can place the corrected data on the bus. The bus that 
was loading the data in the EDC has to be turned around as the 


EDC is going to send corrected data to the host. The EDC also 
writes back the corrected data and the newly generated check bits 
to the memory. The memory buffers shown in Figure 8A are three- 
stated, as the OE MEM BUFF is high from state 7 onwards and the 
EDC would be enabling data on the bus. The timing diagram in 
Figure 1 4 explains a typical case and the users will have to custom- 
ize it based on their memory speeds and the time the system has 
for receiving valid data. 

Other factors that may be a consideration are package count 
and board space. The number of packages used in flow-through 
and bus-watch implementations are the same for “Check Only” 
configurations. In “Correct Always” configurations the bus-watch 
implementation requires four more IDT FCT244S than the flow- 
through implementation. Flow-through ICs have more pins and 
therefore leave a larger footprint on the PC. However, in terms of 
board space, since the footprint of the flow-through EDC is larger 
that the bus-watch, the bus-watch approach takes less space for 
"Check Only” configurations and there is a tie for the “Correct Al- 
ways” configuration. 


o 

STATE r 



CAS 

OE MEM BUFF 


5 6 7 8 9 10 11 12 13 14 15 0 

1 II I 1 I I II I I I 



DATA 

LE,n 


~~~ y DATA our FROM EDC 

DATAinTO EDC 

S / 


LE out /GEN 
OE ON EDC 
READ/WRITE 




\ 



‘NOTE: A BUS-SWITCH TAKES PLACE BETWEEN STATES 6 AND 10 


Figure 14. Timing Diagram for Correct Always In Figure 7A 


SUMMARY 

This article has covered reliability issues in memory systems 
and solutions using EDC devices. In con sider ing EDC devices, 
two parameters are critical: the “DATAiNtoERR”andthe “DATAin 
TO CORRECTED DATAout”. At Integrated Device Technology, 
we have optimized these two parameters and produce ultra-fast, 
TTL-compatible CMOS Error Detection and Correction devices for 
high-performance 16-, 32- and 64-bit systems. 


CEMOS is a trademark of Integrated Device Technology, Inc. 
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HIGH-SPEED CMOS 
TTL-COMPATIBLE NUMBER- 
CRUNCHING ELEMENTS FOR FIXED- 
AND FLOATING-POINT ARITHMETIC 


by Suneel Rajpal 


INTRODUCTION 

Traditionally, high-speed number-crunching requirements 
could only be fulfilled by bipolar (TTL) components. However, 
with the advent of advanced CMOS technologies, one can not 
only attain higher densities and lower power consumption, but 
also attain higher speeds. This paper deals with different build- 
ing blocks that can be used to build integer or floating-point 
processors at speeds greater than 10MHz. 

FIXED-POINT PROCESSORS 

In order to build a high-speed efficient fixed-point processor, 
a number of computational elements are required. A high-speed 
ALU and a multiplier are all integral parts of a high-speed 
processor. These building blocks must be cascadable or expand- 
able for higher-precision numbers. High-speed memories are 
also required for data storage and for control store which essen- 
tially drives the system. A typical microcoded system is shown in 
Figure 1. It consists of three sections: the control section, the 
address generation section and the number-crunching section. 
The key elements in the control block and number-crunching 
block, shown in Figure 1, are illustrated in Figures 2 and 3. (The 
address generation can be supported by the architecture in Fig- 
ure 3.) An instruction is fetched from the main memory (not 
shown). Then the opcode is decoded to cause a jump to the 
appropriate address in the control store. This address is the start 
address of the microinstructions that emulate the macroin- 
struction. 

The next step may be to fetch the operands; this is done by 
putting the address on the address bus and bringing data into the 



DSPAN04-001 

Figure 1. A Typical CPU 


data input registers. If more parallelism is required, a separate 
ALU can be used to compute addresses concurrently with an 
ALU that is computing data from the previous instruction. 

Figure 2 contains the microprogram sequencing and the con- 
trol store section. This typically consists of a microprogram se- 
quencer, a control store, pipelines, registers, and some MSI for 
condition code selection. The IDT39C10B is a 12-bit micro- 
program sequencer that is plug-compatible with all versions of 
the 2910. One of four sources can be selected as the next address: 
the microprogram address register, the LIFO stack, the internal 
register/counter, or the direct D input. An added feature in the 
IDT39C10 is the deeper stack with 33 locations instead of nine 
provided by the 2910 sequencer. Figure 3 shows a plausible 
arrangement of ALUs, multiplier/ multiplier-accumulators and 
extended datastorage. A computation for worst-case cycle time 
for the control path is shown in Figure 4. The corresponding 
worst-case delay for the data path is shown in Figure 5. It is an 
interesting exercise to analyze these two delay paths. The control 
path has a 64ns delay and the data path has a 49ns delay, adding 
to the IDT49C402 delay and register propagation delay and set- 
uptime. The IDT49C402, shown in Figure 6, is code-compatible 



DSPAN04-002 

Figure 2. The Instruction Decoder and Microprogram Sequencer 
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to the 2901 and has 64 registers i n the register file. There are eight 
additional destination functions that allow direct loading of the Q 
register or the RAM, thereby enhancing the overall performance. 
The additional destination functions are shown in Table 1. 

If multipliers are used in the data path, the pipelined delay of 
35ns for the I DT721 6/1 DT721 7(16x16 multipliers) is far less than 
the sequencer delays and ALU delays. The other data path of 
concern is a multiplier output that is added in the IDT49C402, 
shown as Path 2 in Figure 5. It is only 45ns, less than both the 
Data Path 1 delay and the Control Path delay. The I DT721 6 is pin 
and functionally compatible to the TRW MPY-016H/K and 
Am29516. The IDT7217 is pin and functionally compatible to the 
Am29517. If a multiply-accumulate function is required, an 
I DT7 210/1 DT7 243 (16 x 16MACs) can provide sum-of-products 
at 35ns clocked speeds. The IDT721 0/IDT7243 are pin and func- 
tionally compatible to the TRW TDC1010/1043 multiplier- 
accumulators. Generic block diagrams for the multipliers and 
multiplier-accumulators are shown in Figures 7 and 8. 

The multipliers operate on unsigned two's complement or 
mixed mode numbers. In every clock cycle, a 32-bit product is 
generated and either the least significant or the most significant 
half can be read through the output lines. The least significant 
of the product is also shared with the Y 0 _ 15 input lines. IDT7216/ 
IDT7217s are capable of running at 35ns clocked multiply rates 
over the commercial temperature range and 40ns over the 
military temperature range. 

The multiplier-accumulator, IDT7210, provides the multiply, 
multiply-add and multiply-subtract functions. Three bits of over- 
flow are provided, corresponding to a 35-bit accumulator. The 
IDT7243 is a trimmed version of the IDT7210 that does internal 
accumulates of 35 bits; but only the most significant 19 bits are 
available externally. Also, the IDT7243 has no preload capability. 


Blazing fast speeds of the multipliers are needed in systems 
where the operands are of longer wordlength (>16 bits). For 
example, if fixed-point 32-bit operands are to be multiplied, four 
partial products have to be added, as shown in Figure 9. The four 
partial products can be generated in parallel using four multipliers 
and adding the partial products at their appropriate binary 
weighting. Alternately, the partial products can be added using 
one multiplier while doing shift and add operations in the 
IDT49C402, using the register space efficiently. 


Pipeline register CLK-Q 

10ns 

Condition MUX (74F251) 

13ns 

IDT49C410: CC to Y 

16ns 

WCS RAM; IDT71682 

25 ns 

Pipeline Register Set-Up 

2ns 

Total 

64ns 


Figure 4. The Control Path Delay 


Pipeline register CLK-Q 

10ns 

IDT49C402:A/B to F = 0 

37ns 

Status Register Set-Up 

2ns 

Total 

49ns 


CLK-Q, IDT7216/IDT7217 

Data to RAM, Set-Up 

25ns 

20ns 

Total 

45ns 


Figure 5. The Data Path Delay 
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Figure 3. The Address and Data Calculations Unit 


DATA out (Y) 

Figure 6. The IDT49C402 Block Diagram 


DSPAN04-O06 





















HIGH-SPEED CMOS TTL-COMPATIBLE NUMBER-CRUNCHING ELEMENTS 
FOR FIXED- AND FLOATING-POINT ARITHMETIC 


APPLICATION NOTE AN-04 


In the example shown in Figure 9, the partial product XA-YA is 
stored in two locations of the register file. The Most Significant 
(MS) part of XB-YB is added to the Least Significant (LS) part of 
XA-YB; the carry-out is saved for the next addition to the LS part 
of XBYA. The carry-out again is saved for the next operation for 



P 16-31 /P 0-1S 

IDT7216 HAS SEPARATE CLOCKS FOR THE REGISTERS. 

IDT7217 HAS A COMMON CLOCK AND SEPARATE ENABLES. 

DSPAN04-007 

Figure 7. The IDT7216/IDT7217 Multiplier Block Diagram 



THE IDT 7243 DOES NOT HAVE THIS 
PATH AND THE PRELOAD FEATURE 
WHEN COMPARED TO THE IDT7210. 


the additional of the MS part of the XBYA and XA-YB. This result 
is added to the LS part of XA-YA. Finally, the sign extension of the 
previous operation is added to the MS part of XA-YA. By using the 
register file of the IDT49C402 efficiently, one does not have to 
perform 16-bit shifts with each partial product addition, resulting 
in a fairly efficient 32 x 32 multiplication. 

A high-speed 12MHz fixed-point processor can be built 
using the parts shown in Figures 2 and 3— namely the IDT39C10 
12-bit sequencer or the IDT49C410 16-bit sequencer, the 
IDT49C402 16-bit ALU, the IDTFCT374, the IDT71682 RAMs, the 
IDT7216/IDT7217 multipliers or the IDT7210/IDT7243 multiplier- 
accumulators. 


FLOATING-POINT PROCESSORS 

In applications that need a larger dynamic range, floating-point 
number representation is used. A discrete solution to a 32-bit 
floating-point processor can beat least one board of SSI and MSI. 
Most designers prefer an 1C or an 1C set that implements the IEEE 
standard over a discrete solution. The implementation problem 
only worsens for double precision 64-bit floating point proces- 
sors. The I DT72064/I DT72065 and IDT72264/IDT72265 provide 
compact, low-powered high-speed solutions to single-, and 
double-precision IEEE standard 754 version 10.0 calculations. 

The I DT72064/I DT72264 are floating-point multipliers; the 
I DT72065/I DT72265 are floating point ALUs. All the parts have 
similar I/O structures. Data input and output transfers may occur 
at twice the maximum pipeline rate, allowing the devices to be 
used in a variety of bus configurations without degrading per- 
formance. The detailed block diagram of the IDT72264 is shown 
in Figure 10. The detailed block diagram for the IDT72265 is 
shown in Figure 11. Note that, in Figure 10, the IDT72264 takes 
two cycles for 32-bit operations and four cycles for 64-bit 
operations. The IDT72064, very similar to the IDT72264, takes 
four cycles for a 32-bit operation and eight cycles for a 64-bit 
operation. 

The multiplier and ALU can operate in two modes: one with 
pipelined levels and the other with the pipelined registers made 
transparent (called the flow-through operation in the data sheets). 
For example, the multiplier in Figure 10 can have the following 
registers made transparent: PIPE1 andtheSTREG (Status Regis- 
ter), DM and DL registers. This allows the operands to “ripple” 
through the logic circuitry at a slower time, as compared to the 
pipelined case. A similar configuration is possible for the ALU, 


X = 32-bits X A - X 31 . 16 , X B - X 15 . 0 
Y= 32-bits Y A = Y 31 . 16 ,Y B = Y 1W 


(UNSIGNED) 
(SIGNED) 
(SIGNED) 
(SIGNED) 


Xa.Ya 



x b .y b 

m 

>- 

< 

X 


x B . 

Ya 




P 63-48 P 47-32 P 31-16 P 15-0 
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Figure 8. The Block Diagram of the IDT7210/IDT7243 
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Figure 9. Partial Products for a 32 x 32 Multiply 
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Figure 10. The IDT72264 Floating-Point Multiplier 
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shown in Figure 11, where the following registers can be made 
transparent: PIPE1, PIPE2, PIPE3, andSTREG, DM and DL regis- 
ters. The tradeoff in using pipelining is that one result is available 
every (pipeline) cycle once the pipe is full. Often this is a preferred 
method of computing if the pipe is not flushed. In the flow-through 
situation, one does not present any new operands to the inputs 
during the duration of the operating time. In a pipelined system, 
new values of X and Y are loaded every cycle and new results are 
read every cycle, with an understanding that the result being read 
currently is from operands loaded “n” cycles ago. “N” depends on 
the operation being performed and can range from 6 to 14. 

The input stage allows easy interfacing to 16-bit, 32-bit, and 


TABLE 1. 

IDT49C402 16-Bit ALU Destination Functions 



RAM 

Q 

Y-OUT 


F-Up 

Q-Up 

F 


F-Up 

— 

F 

2901 

F-Down 

Q-Down 

F 

Functions 

F-Down 

— 

F 

(3-Bits 

— 

— 

F 


— 

Load F 

F 

Load F 

— 

F 

l 9 HIGH 

Load F 

— 

A 


Load D 

Load F 

F 


Load D 

Load F 

A 

Added 

Load F 

Load D 

F 

IDT 

Load F 

Load D 

A 

Functions 

— 

Q-Up 

F 

(1 Additional 

— 

Q-Down 

F 

Bit l 9 ) 

Load D 

— 

F 

IgLOW 

— 

Load D 

F 


TABLE 2. 

Multiplier and MAC Performances 


IDT7216/IDT7217 

16x16 Multiply 

Clocked Times 

Commercial 

35ns 

Military 

40ns 

IDT7210/IDT7243 



Multiply-Accumulate 

35ns 

40ns 

Clocked Times 




64-bit buses. The instruction set of the multipliers include single- 
and double-precision multiply and handling of wrapped multiply. 
A wrapped number is one that is smaller than the smallest repre- 
sentable number that is normally used. The ALU has a wide 
'variety of instruction including add, subtract, convert, compare, 
negate, pass, wrap and unwrap for both single-precision and 
double precision operands. 

The performance for these devices for the pipelined and flow- 
through operations are listed in Tables 3 and 4. These timings 
are based on a 50ns clock time. The IDT72064 and IDT72065 
are compatible with Weitek’s 1064 and 1065 in the IEEE mode. 
The I DT72264 and I DT72265 replace Weitek’s 1 264 and 1 265. The 
performance is expected to be 20% faster when compared to 
currently available Weitek parts. 

CONCLUSION 

As the need for high-speed computing increases, so does 
the expected throughput of number-crunching chips. The avail- 
ability of efficient building blocks from IDT allows users to 
build a 12MHz fixed-point processor and a 10MHz floating- 
point processor. 


TABLE 3. 

The I DT72065/I DT72265 Performance 


Single-Precision Pipelined Throughput 

100ns 

Single-Precision Latency 

450ns 

Double-Precision Pipelined Throughput 

100ns 

Double-Precision Latency 

450ns 


ALU Operations 


TABLE 4. 

The I DT72064/I DT72264 Performance 


Single-Precision Pipelined Throughput 

100ns 

200ns 

Single-Precision Latency 

300ns 

500ns 

Double-Precision Pipelined Throughput 

200ns 

400ns 

Double-Precision Latency 

450ns 

700ns 
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INTRODUCTION: 

Static RAMs with separate data inputs and data outputs, such as 
the I DT71 681/71 682 4K x 4-bit RAMs and the IDT71982/71982 
1 6K x 4-bit RAMs, provide memory organizations that can improve 
system architecture in many applications. IDT makes a series of 
separate I/O RAMs, as shown in Table 1 . In this application note, 
we will demonstrate several system ideas where RAMs with 
separate data inputs and data outputs offer improved system per- 
formance. Typically, the separate data inputs and data outputs 
eliminate the need for multiplexing of demultiplexing in the data 
path. Thus, not only is the output enable or disable time eliminated 
in a critical speed path, but a potential additional element (multi- 
plexer or demultiplexer) may also be eliminated. 


TABLE 1: IDT Separate I/O RAM CHIPS 


Size 

Organization 

Outputs 

Thick Inputs 
During Write 

Outputs 

High Imped. 
During Write 


16K x 1 

- 

IDT6167 


4K x 4 

IDT71681 

IDT71682 


64K x 1 

- 

IDT7187 


16K x 4 

IDT71981 

IDT71982 



From Loader 
Microprocessor 


Figure 1. Typical Writeable Control Store in a Microprogrammed 
Machine. 


SEPARATE I/O RAM APPLICATION EXAMPLES 

MICROPROGRAM MEMORY 

Separate I/O RAMs can be used in a high-speed writeable 
control store application and offer both speed improvement and a 
significant parts count reduction in the interface to a MOS micro- 
processor used to initializetheRAMat power up. Figure 1 shows a 
typical writeable control store design for a microprogrammed 
machine. Here we see an IDT39C10 microprogram sequencer 
driving the 1 2-address lines of the I DT71 681 /71 682 4K word array. 
If we assume a microcode width of 96 bits, this design will use 24 
of the IDT71681/71682 24-pin, 300 mil packages. As shown in 
Figure 1, the 1 2 address lines to all 24 packages are connected in 
parallel and are driven by the Y outputs of the IDT39C10 micro- 
program sequencer. This gives a total microcode depth of 4K 
words, which is sufficient for most microprogram applications. 
The four data outputs from each device provide microcode bits to 
the pipeline registerto overlap the microinstruction fetching with 
the microinstruction execution. The pipeline register always con- 
tains the microinstruction currently executing, while the 
IDT39C10 is generating the next address to the RAM and the 
RAM is accessing the next microinstruction to be set up at the 
input to the pipeline register. 

The advantages of using the IDT71681/71682 RAM in this appli- 
cation come from the speed of this device and from the parts 
savings associated with not having to demultiplex the data to be 
loaded into the memory. If the data path were to be bidirectional, 
such as would be required if we used the IDT6116 (2K x 8-bit 
RAM) on the IDT61 68 (4K x 4-bit RAM), it would be necessary to 
demultiplex a MOS microprocessor data bus that provides the 
microcode at power up. This would require one 8-bit driver for 
each 8 bits of RAM to interface between the various RAMs and 
the 8-bit microprocessor data bus— an additional 1 2 parts in this 
case. 


In a typical system, such as is shown in Figure 1, the microcode 
is read from a floppy disk and loaded into the writeable control 
store. An example of this type of microcode loading architecture 
as shown in Figure 2. The microprocessor system shown in 
Figure 2 requires three interface points to the writeable control 
store. First, you must define the address for the write operation. 
This is provided by means of a WCS address register to select 
which word in the writeable control store will be written into. 
Second, you must define the data you are going to write. This is 
provided by a data register which defines the data for a specific 
eight bits of the 96-bit word of the control store shown in Figure 1 . 
A total of 12 bytes are required to load one microcode word into 
the writeable control store depicted in Figure 1 . The specific byte 
to be written is selected by four additional address bits from the 
WCS address register which are directed to the decoder so that 
one of the 1 2 bytes can be selected for loading. Third, a control 
register is then used to select between the WCS load and operate 
modes and to manipulate the write enable (WRITE*) line con- 
nected to the decoder. 



Figure 2. Autoload of the Writeable Control Store. 
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The complete cycle required can be described as follows. First, 
set up the control register to select the WCS address register 
onto the address bus and disable the IDT39C10 Y outputs. 
Second, move the address of the first byte to be loaded to the 
WCS address register. Third, move the data byte to be loaded to 
the data register. Fourth, change the WRITE* line from high-to- 
low-to-high by means of two MOS microprocessor I/O cycles. 
This will write one byte of data to the writeable control store 
memory. Continue by repeating the steps of loading the WCS 
address register, data register and then “writing” the data into the 
writeable control store memory. 

A detailed connection diagram of the IDT71 681/71 682 interface 
to the MOS microprocessor is shown in Figure 3. Only 10 of the 
24 devices are shown, but the connection scheme is similar for all 
24-devices. The important point to recognize from the diagram is 
that the data-in lines are connected on a byte-wide basis. One 
IDT71681/71682 is connected to the D 0 to D 3 data inputs and the 
second IDT71681/71682 is connected to the D 4 through D7 
inputs. This means that each two devices are connected so as to 
accept one byte of data from the MOS microprocessor system. 
The 1 2 address lines to I DT71 681/71 682 are connected in parallel 
and are driven by a register with three state outputs such as the 
IDT74FCT374. The remaining address lines from the 29825 WCS 
address register are connected to decoders such as the 
I DT74FCT 1 38. Each output for the I DT74FCT 1 38 is connected to 
two write enable inputs on the I DT7 1681/71 682 memories. This 
allows one byte to be written when the WRITE* line is changed 
high-low-high. The chip select line is simply grounded and not 
used in this application. As can be seen, the IDT71681/71682 
offers a convenient interface in a writeable control store for 
external loading of the data. This connection concept can be 
extended and changed such that the writeable control store 
could be loaded with data provided by the host execution CPU 
itself, rather than the floppy disk. 


From 2910 Y 



Figure 3. Detail of the MOS Microprocessor Interface to a Writeable 
Control Store. 

VIRTUAL MEMORY AND MEMORY MAPPING 

Separate I/O RAMs are ideally suited for use with MOS micro- 
processors to provide the memory mapping function associated 
with today’s complex microprocessor operating systems. As 
shown in Figure 4, the IDT71681/71682 can be used to provide 
mapping from a microprocessor virtual address to a micro- 
processor physical address in main memory. In addition, status 
information about the map can also be present in the page table. 
In this example, a 24-bit virtual address is divided into a 12-bit 
virtual page consisting of 4K words per page. Depth into the page 


is provided by a 12-bit offset address. As shown in Figure 4, the 
12-bit virtual page address can be connected to the page map- 
ping memory and the resultant output will be a physical page 
address and status information. A detailed connection diagram is 
shown in Figure 5. 


Microprocessor 

Address 



Figure 4. Memory Mapping. 



Address 


Figure 5. Memory Mapping. 


A computer that provides any form of mapping other than the 
identity map between the central processing unit generated 
addresses and the physical memory address satisfies the most 
general definition of virtual memory. In Figure 5, we see the 
IDT71681/71682 address lines connected to the upper 12 bits of 
an address bus, such as those provided by the 68000 micro- 
processor. Here, the separate data output lines are used to 
provide mapped addresses as well as exception bit status 
vectors. The separate data-in lines can be connected to the data 
bus so that the page table provided by this memory is easily 
updated. 

Many use the terminology of virtual memory in a more 
restrictive fashion. That is, a virtual memory is one where the 
actual physical memory is smaller than the total memory 
addressing capability of the machine. A page table memory map, 
such as that shown in Figure 5, is used to provide a translation 
from the virtual address to the physical address in such a 
memory. In a related definition called memory mapping, the 
physical memory is larger than the logical address space of the 
machine. This is often applied to such microprocessors as the 
8085 and Z80. Here, the machine’s logical address space is 
limited to 64K bytes, but it may be desirable to have a larger 
physical memory available to the machine. The connection 
scheme shown in Figure 6 can be used to perform this memory 
mapping. Some number of address lines, eight in this example, 
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are connected to eight of the 12 I DT71 681/71 682 RAM address 
lines. The additional four RAM address lines are provided by a 
register and perform an additional mapping select function. The 
12 RAM data output lines of the RAM are used in conjunction 
with the 8 remaining address lines from the microprocessor to 
provide a total of 20 address lines (1 megabyte) in this example. 
The 12 RAM data-in lines are connected to the data bus for easy 
loading of the page table. 





Figure 6. Z80 Memory Mapping. 

Figures 5 and 6 indicate that some thought must be given to the 
exact mechanism for the address to be provided to the mapping 
RAM while it is being loaded. This can be handled in one of two 
ways. The simplest way is to provide an address register on one 
of the microprocessor I/O ports that is loaded with the target 
address, and then this address is used when the mapping 
memory is being written into. A more clever technique is to 
provide a control register that disables the main memory write 
and enables the mapping memory write such that no additional 
address register is required. Instead, data to be loaded into the 
mapping memory is simply moved to the address in the virtual 
space and is redirected to the mapping memory rather than the 
main memory. 

Again, the examples of Figure 3 through 5 demonstrate the 
advantage of the I DT71 681/71 682 in having separate data inputs 
and data outputs. 

CACHE MEMORY 

A cache memory is a high-speed memory that is placed 
between the CPU and the main system bus. The purpose of a 
cache memory is to make a slow memory look like a fast memory. 
This is done by using two memories. The first is a small, high- 
speed memory called a cache memory, and the second is a large, 
slow memory called the main memory. Both memories are 
attached to the system bus which is connected to the CPU. The 
cache memory holds a copy of the most frequently used data in 
the main memory. If data requested by the CPU is in the cache 
memory, it responds first; if not, the CPU waits for the data from 
the slower main memory. If the data and instructions being 
executed most of the time are in the cache memory, a performance 
improvement is realized. This is commonly the case because 
most programs consist of loops and small pieces of code which 
are executed repetitively, and these occupy a small number of 
memory locations. The hardware associated with the cache 
memory attempts to keep this data in the high-speed memory. 
The term “hit ratio" is used to describe the number of times the 
data or instructions are in the cache memory versus the total 
number of memory accesses. It is not unusual to find hit ratios in 
the 90 percent range for some cache memory designs. 


One of the most common cache memory organizations used is 
called the direct mapped cache memory. Figure 7 shows the 
block diagram for the implementation of the typical direct 
mapped cache. In this implementation, the cache memory 
consists of three main parts. These are the tag store, the data 
store and the match comparator. In the example shown in Figure 
7, the tag buffer and data RAM are each 4K words deep using one 
row of the I DT7 1681/7 1682 static RAMs. The high order 12 bits of 
the address can be stored in the tag RAM so as to specify the 
unique memory space for which the data corresponds. The tag 
RAM usually contains additional bits which represent data valid- 
ity and parity. 



(To Main Memory) (To Main Memory) 

Figure 7. Direct Mapped Cache Memory. 

The operation of such a cache memory is as follows. The 
microprocessor puts out an address on the address bus. The 
lower 12 bits are connected to the address inputs of the data and 
tag RAMs and cause the data and tag RAMs to begin fetching the 
word at the location. Then, the actual data value stored in the tag 
RAM is compared against the upper 12 address bits to look fora 
match. If a match is found, the valid bit is true and the data in the 
data RAM corresponds to the address on the address bus, we 
have a cache “hit” and the data in the data RAM is placed onto the 
microprocessor data bus. If no match is found or the valid bit is 
false, then a cache "miss” occurs and the data must be fetched 
from the main memory. As the data is brought in from the main 
memory to the microprocessor, it is also written into the data 
RAM and, at the same time, the tag RAM is loaded with the high 
order 12 address bits that represent the tag number from which 
the data was taken. Hopefully, the next time this address is used, 
it will still be in the cache memory. 

STACK MACHINES AND 
HIGH-PERFORMANCE ALUS 

A bit-slice microprocessor design can utilize separate I/O 
RAMs in the ALU architecture in several ways. A typical bit-slice 
microprocessor ALU configuration isshown in Figure 8. Here we 
see the I DT71 681 /71 682 configured with its data inputs connected 
to the Y output of the 2903 bit-slice, and its data outputs 
connected to the DA input of the 2903 bit-slice. Two uses for such 
a connection are obvious. First, it is possible to use the tightly 
coupled RAM to increase the number of registers available to the 
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ALU. This could be used in certain high-performance algorithms 
such as floating point, Fast Fourier Transforms (FFTs), etc. Sim- 
ilarly, this register set might be used to allow very high-speed 
context switching of the processor ALU section. In this fashion, 
no register would have to be updated during the handling of 
interrupts or other system/user context switches. 



Figure 8. Stack Machines and High-Performance ALUs. 

Another use for the IDT71681/71682 RAM shown in Figure 8 
would be to provide a local stack for the ALU. This could be 
implemented using an up-down counter to drive the address 
lines to the RAM and the appropriate microcode to control 
pushing and popping of the stack. One or more such stacks 
could be very useful in high level language machines. For 
example, two such stacks might be used in a FORTH! machine. 
One stack would be the operand stack, while the second stack 
would be the return stack. 

A typical TTL ALU implementation is shown in Figure 9. Here, 
an MSI ALU, such as the 74S181, is used in a microprogrammed 
environment. Local register/accumulator storage is provided by 
I DT71 681/71 682 memories. The A and B inputs to the ALU are 
driven by the accumulator A and accumulator B RAM register/ 
stack, respectively. Again, the advantage of the separate data 
inputs and data outputs is well displayed. 


Data Buses 



Figure 9, TTL ALU Implementation. 


VIDEO DISPLAY CONTROLLER 

The video display controller shown in Figure 10 can utilize 
separate I/O RAMs in two different ways. One area of the video 


display controller, the character generator, uses two IDT71681/ 
71682s to hold 512 different 5-by-7 dot characters. In this 
configuration, the CRT controller provides the address to the 
character generator which generates the dot pattern for a 
particular line in the selected character. By using RAM in the 
character generator, the character font can be controlled by the 
host microprocessor and changed as often as desired. Two 
additional IDT71681/71682s are used for the screen refresh 
RAM. In this application, two RAM chips provide the local 
storage for the characters on the screen. Since a standard 24- 
row-by-80-column CRT display represents almost 2K bytes of 
data, the screen refresh RAM shown can store up to two pages of 
information for display. 


IDT7168VS 



Figure 10. Video Display Controller. 


DIGITAL FILTERS 

The four-sample non-recursive digital filter in Figure 11 is 
another application which demonstrates the importance of 
separate data inputs and data outputs in the RAM memory. In this 
example, a 4096 word range-gated filter is shown. Digital filters 
consist primarily of memory, multipliers and adders. Range- 
gated filters are used in systems that quantify and otherwise 
process distance-related measurements such as radar, sonar and 
ultrasonic medical diagnostic instruments. Typically, the return 
signal is divided into increments of time (or distance) where each 
increment is to be individually processed. Thus, many different 
elements are to be processed and all may share the same 
multipliers and adders. However, different memory locations are 
needed foreach time-sequential element. The exampleshown in 
Figure 1 1 can best be understood with the following description: 
the current output is equal to the sum of the present sample times 
the constant A 0 , plus previous sample times the constant A^ plus 
the second previous sample times the constant A 2 , plus the third 
previous sample times the constant A 3 . Four samples participate 
in generating each output, and because only input samples con- 
tribute to the output, the filter is said to have a finite impulse 
response. 

Similarly, Figure 12 shows a range-gated recursive digital filter. 
It is similar in concept to that shown in Figure 11, except that a 
recursive filter contains feedback. Because feedback terms 
contribute to the output, it has an infinite impulse response. 
Again, separate I/O RAMs provide a unique performance advan- 
tage in this application. 
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Depending on the write timing, it may be necessary to place 
either latches or registers at the input or output of the RAMs 
shown in Figure 11 and 12. 



Output * Input [A 0 + A,z ♦ A a z ♦ A,z] 


Figure 11. Four-Sample Non-Recurslve Digital Filter. 



Figure 12. Recursive Digital Filter. 


PING PONG RAM 

A common problem in digital signal processing is the word-by- 
word transformation of a block of data, such as adding a constant 
to each word. This tranformation is usually done by reading each 
word from on RAM, modifying the data and writing the word into 
a second RAM. This type of operation may be done several times, 


with different transformations on each pass. This requires at least 
two RAMs. It is desirable to use a single bus system to tie the 
RAMs to the transformation logic, so that only one set of trans- 
formation logic is required. 


data in 



DATA out 


Figure 13. Pin Pong RAM. 

A significant speed improvement in a common bus design can 
be realized by using two separate I/O RAMs in an alternate 
read/write mode, as shown in Figure 13. In this approach, data is 
initially read from the first RAM while transformed data is being 
stored in the second. Then, by changing the state of the WE 
input, data is read from the second RAM and new data can be 
written into the first RAM. In this fashion, one RAM is always in 
the read mode and the other is in the write mode. The CS can be 
used to remove both RAMs from the DATAout bus so it can be 
used by other devices. The CS line MUST be set inactive during a 
change of address to the RAM in the example shown in Figure 13. 
A speed improvement is realized in this configuration because 
the “data valid to end of write” ti me is faster than the "write cycle” 
time. This allows external logic to be performed on the DATAqut 
and the result to be written back into the RAM at an overall higher 
system speed. In some designs, timing advantages can be real- 
ized by separating CS, WE, or both. 

SUMMARY 

Separate I/O CMOS static RAMs can provide the system 
designer with increased speed and reduced part count and their 
versatility will be demonstrated by creative design engineers in 
numerous applications beyond those discussed in this application 
note. These devices offer high-speed access times and high- 
speed cycle times. The low power inherent in CMOS allows new 
levels of performance to be achieved in small, compact designs 
without the thermal problems of earlier bipolar designs. Certainly, 
these devices offer the system design engineer another tool in 
the search for improved system performance. 
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16-BIT CMOS SLICES — NEW 
BUILDING BLOCKS MAINTAIN 
MICROCODE COMPATIBILITY YET 
INCREASE PERFORMANCE 


by Michael J. Miller 


INTRODUCTION 

The electronics industry has been an evolutionary succession 
of dominating technologies. This has been true for semi- 
conductor devices in general, as well as the product family 
called bit-slice microprocessors. With the extinction of each 
technology and the emergence of the new, there is an associated 
transition for both the manufacturer and the consumer. Each 
company seeks to minimize the effort of this transition. 

In the 1950s it was a generation of germanium diodes and 
transistors. During the 1960s, silicon transistors and bipolar 
ICs dominated. The last decade saw the emergence of the 
NMOS microprocessor and dynamic memories. This decade 
will be dominated by very high-speed CMOS as the primary 
volume process. This evolution is not only taking place with 
the industry but, in specific, with the microprogrammed bit-slice 
microprocessors. Today very high-speed, low-power CMOS is 
taking the place of high-speed bipolar. CMOS is capable of 
operating faster and at 1/5 to 1/10 the power of bipolar 
technologies. Because of this, CMOS is becoming the tech- 
nology of choice for bit-slice microprocessors. 

In the past, technological changeovers have been expen- 
sive to the manufacturer as well as the consumer. The 
MICROSLICE” Family from IDT seeks to facilitate this transition 
by offering two families of CMOS bit-slice devices: IDT39C000, 
IDT49C000. The IDT39C000 family provides high-speed 
CMOS devices that fit into the sockets of current designs 
which utilize the 2900 family of bit-slice devices. The IDT39C000 
family is pin-for-pin compatible to the 2900 family as well as 
compatible with its highest speed grade. An easy upgrade path 
is provided by the IDT49COOO family of bit-slice devices. This 
family starts off by providing higher densities (families of 
16- and 32-bit), improved architecture and progresses on into 
innovative architectures of the future. 


NOTE: 

1. Reflects performance over commercial temperature and voltage range. 


RE-EMERGENCE OF MICROPROGRAMMING 

As a result of CMOS, bit-slice microprogram designs are 
experiencing a new renaissance. In the mid-70s, the emergence 
of the 2900 family, as heralded by the 2901, was designed 
entirely using TTL bipolar technology. JTie 2901 has progressed 
from a propagation time — A/B to G/P equal to 80ns — to the 
2901 C which sports 37ns. To achieve these final speeds though, 
the total TTL design had to be abandoned and ECL was 
substituted for the inner workings of the 2901, with TTL buffers 
interfacing to the outside world. Today at IDT, very high-speed 
C2MOS is being used to produce an IDT39C01E with A/B to 
G/P of 21ns, at 1/8 the power of the bipolar 2901 C. 

In parallel with the evolution of the 2901 has been the 
blossoming of the 2900 family to a multi-device product family. 
All of the latest designs use ECL internally. The trend in this 
family has been to add more and more gates on chip. To 
achieve this, though, more current has been consumed by 
each of the ICs starting with the 2901 at 1.25W to the 29300 
family at approximately 8W. To handle the 8W, new packaging 
technology was developed which incorporates heat spreaders 
and cooling towers mounted on top. 

Within the limits of maximum speed and density, tradeoffs 
can be made. For a given package, more speed can be achieved 
with less gates; or conversely, more gates can be incorporated 
at the expense of overall speed in critical paths. This relationship 
is referred to as the speed/power product of a given technology. 
The bipolar 2900 family has been extended to the limit of 
feasible packaging and cooling technology because of the 
density and speed requirements of today’s applications. Very 
high-speed CMOS, in contrast, has a speed/power product an 
order-of-magnitude smaller than bipolar for the same speed. 
Therefore, CMOS requires less expensive packages and 
cooling systems. 


COMPARISON OF FAMILY PERFORMANCE(I) 



MICROSLICE 

BIPOLAR 

SPEED PATH 

SPEED (ns) 

DYNAMIC POWER (mA) 

SPEED (ns) 

DYNAMIC POWER (mA) 

IDT39C01C 

37, 25 

30 

37, 25 

265 


IDT39C01D 

28, 17 

35 

- 

- 

A/B - G/P, C n - F = 0 

IDT39C01 E 

21, 14 

40 

- 

- 

A/B - G/P, C n — F = 0 

IDT39C03A 

52, 35 

60 

52, 35 

350 


IDT39C10B 

30 

80 

30 

340 

CC - Y 

IDT39C10C 

16 

80 

- 

340 

CC - Y 

IDT39C203 

52, 35 

60 

52, 35 

350 

A/B -G/P, C n - Z 


MICROSLICE and CEMOS are trademarks of Integrated Device Technology, Inc. 


® 1986 Integrated Device Technology. Inc. 


7/86 


14-41 


Printed in the U.S.A. 






































16-BIT CMOS SLICES — NEW BUILDING BLOCKS MAINTAIN 
MICROSLICE COMPATIBILITY YET INCREASE PERFORMANCE 


APPLICATION NOTE AN-06 


A decade ago, CMOS was noted for lower power and low- 
performance. Today, CMOS is capable of running at speeds 
faster than bipolar at 1/5 to 1/10 the power. Dramatically 
smaller power consumption and smaller gate sizes allow for 
even higher levels of integration to be achieved. In previous 
bipolar designs, an ALU, a barrel shifter and a multiplier each 
required a package of their own for heat dissipation, whereas 
CMOS can incorporate them all on one piece of silicon while 
still having room to include a reasonable amount of RAM. This 
means that CMOS has room to grow, thus providing for new 
innovative architectures in the future. 

While the lower power consumption allows for more gates in 
the same package, there is also freedom to shrink the size of 
the packages because the package is being used less as a 
means of dissipating the heat. This is timely because con- 
sumers are requesting more and more in smaller volumes 
of space. 

THE LATEST IN CMOS TECHNOLOGY 

CEMOS™ is used to produce the MICROSLICE family with its 
two sub-familes — named, respectively, the IDT39C000 Family 
and the IDT49C000 Family. These families address micropro- 
grammable designs of the present and future. CEMOS is a 
trademark for the proprietary CMOS process technology of IDT. 
CEMOS is an enhanced CMOS technology which includes 
such features as high ESD protection, latch-up protection and 
high alpha particle immunity. 

MICROSLICE IN EXISTING DESIGNS 

The IDT39C000 family allows the designer to take advantage 
of very high-speed CMOS in existing designs. This family is a 
pin-for-pin compatible family with the 2900 counterparts. By 
replacing the current 2900 parts with IDT39C000 parts in 
existing sockets, the power consumption of that portion of the 
circuitry may be reduced down to 1/5 to 1/10 of the bipolar 
power consumption at full operating speeds. The IDT39C000 
family is specified around the highest speed grade versions of 
the current bipolar devices. Currently in the IDT39COOO family 
are two of the common ALU architectures, the IDT39C01 and 
the IDT39C03/203. Included in the family are the sequencers 
IDT39C10 and IDT39C09/11. The I DT39C7 05/707 are registered 
file expansions for the IDT39C03/203. The family also includes 
the 16 x 16 multipliers, IDT39C516/517, and the 16 x 16 
multiplier-accumulator, IDT39C510. Not to be ignored, the 
IDT39C60 family is available for high-performance error 
correcting memory designs. This family also includes the first 
speed upgrade beyond the bipolar technology. The IDT39C01D 
is 25% faster than the 2901C, while the IDT39C01E exhibits 
speeds 40% faster than the 2901 C. 


THE IDT49C000 FAMILY, THE NEXT GENERATION 

The IDT49C000 family takes advantage of all the benefits that 
CEMOS has to offer: high-speed, low-power, very large scale 
integration and smaller packages. Because of the new freedoms 
imparted by CEMOS, the IDT49C000 family is the next family of 
innovation for bit-slice microprogrammed designs. 

While the IDT39C000 family minimizes upgrade costs by being 
pin-compatible, the IDT49C000 family addresses the aspect by 
providing parts in the family which are code-compatible, thus 
achieving conservation of previously written code. This is signifi- 
cant because, in the last decade, the cost of the software portion 
of the system has surpassed the hardware. The IDT49C000 fam- 
ily, however, is not limited to code-compatible devices and will, in 
the future, include devices with new and wider architectures. 

THE IDT49C402A 16-BIT ALU PLUS 

The first ALU in the IDT49C000 family is the IDT49C402A 
which is a 16-bit ALU and register file. This device is a superset 
of the 2901 architecture. It is a very high-speed, fully-cascadable 
1 6-bit CMOS microprocessor slice, which combines the standard 
functions of four 2901s and one 2902 with additional control 
features aimed at enhancing the performance of bit-slice 
microprocessor designs. The IDT49C402A includes all of the 
normal functions associated with the standard 2901 bit-slice 
operation: (A) a 3-bit instruction field (l 0 , l 1t l 2 ) which controls 
the source operands selection of the ALU; (B) a 3-bit 
microinstruction field (l 3 , l 4 , l 5 ) used to control the eight 
possible functions of the ALU; (C) eight destination control 
functions which are selected by the microcode inputs (l 6 , l 7 , l 8 ); 
and (D) a tenth instruction input (l 9 ) offering eight additional 
designation and control functions. This l 9 input, in conjunction 
with l 6 , l 7 and l B allows for shifting the Q Register up and 
down, loading the RAM or Q Register directly from the 
D inputs without going through the ALU, and new combinations 
of destination functions with the RAM A-port output available 
at the Y output pins of the device. This eliminates bottlenecks 
of inputting data into the on-chip RAM. 

The block diagram on page 3 shows the familiar architectures 
of the 2901 with register files which have both A and B data 
feeding into an ALU data source selector. This combines 
together the data from the register file along with direct data 
input (D) and the Q Register. The output of the ALU data 
source selector produces two operands, R and S. R and S are 
fed into an eight-function ALU, the output of which can go to 
the data output pins or be fed back into the register file and/or 
Q Register. 
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IDT49C402A 16-Bit Microprocessor Slice. 


WHERE THE IDT49C402A EXCELS 

The IDT49C402A, however, differs from the regular 2901 
architecture by the addition of a new data bus that goes from 
the direct data input pins (D) into the register file and the Q 
Register, thus providing a data path directly into the register 
file and Q Register rather than passing through the ALU block. 
With conventional 2901 architecture, in order to get data into 
the register file the ALU must be placed in the pass mode 
taking data directly from the D inputs through the ALU and 
around to the register file. With this new architecture, data can 
be operated on out of the register file and the Q Register and 
the result placed back in the Q Register while new direct data 
is being brought into the register file. Conversely, the Q 
Register can be loaded while operations are being performed 
on the register file and placed back into the register file. 

Whereas the 2901 has a 16-deep register file, the IDT49C402A 
has 64 addressable registers. The 2901 architecture does not 
allow for direct cascading of the register file. Dead cycles can be 
eliminated because 4 times more data can be cached on-chip 
with the ALU. Other applications may use the 64 registers as four 
banks of 16 registers. The bank selection could bethought of as 
task switching for interrupt-driven multi-tasked applications. 

The third difference from the 2901 is the ALU expansion 
mechanism. The IDT49C402A incorporates an MSS input which 


programs the device, being the most significant device or not. 
When not the most significant slice, the P & G signals are 
brought out. When the most significant slice, the sign and 
overflow are brought out on the P & G. 


IDT49C402A 16-Bit ALU Destination Functions 



RAM 

Q 

Y-OUT 


F-Up 

Q-Up 

F 


F-Up 

— 

F 

2901 

F-Down 

Q-Down 

F 

Functions 

F-Down 

— 

F 

(3-Bits 

— 

— 

F 


— 

Load F 

F 


Load F 

— 

F 

l 9 HIGH 

Load F 

— 

A 


Load D 

Load F 

F 


Load D 

Load F 

A 

Added 

Load F 

Load D 

F 

IDT 

Load F 

Load D 

A 

Functions 

— 

Q-Up 

F 

(1 Additional 

— 

Q-Down 

F 

Bit Ig) 

Load D 

— 

F 

l 9 LOW 

— 

Load D 
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CODE CONSERVATION 

The microinstruction word of the IDT49C402A looks the 
same as the 2901 with the exception of the additional desti- 
nation control line called l 9 . Conservation of microcode can be 
achieved via two methods. The first and the most simple 
method is to tie the instruction line l 9 high on the socket and 
not connect it to the microcode. In this way, the remaining 
destination control lines l 8 , l 7 and l 6 are compatible to the 2901. 

For those systems that intend to add more code, or rewrite 
code for performance optimization, the second method is 
performed by making minor alterations on the microcode. For 
many designers this can be a fairly easily-achieved task by 
making minor alterations in the meta assembler used to compile 
the microcode source. The alteration in the meta assembler 
would add l 9 such that all previously written code would have 
this signal default to a Don’t Care state of high, thus enabling 
the standard destination instructions (the traditional 2901 codes). 
Additional code could then be written which utilizes this 
instruction line and the extra features provided in the IDT49C402. 

An alternative to the second method for achieving microcode 
compatibility would take the already-compiled microcode and 
run it through a simple program, written in another language, 
which would spread the microcode apart and introduce in this 
additional instruction bit. This method is used for microcode 
which no longer has existing source. 

ONE IDT49C402A WINS 
RACE AGAINST FOUR 2901s 

While the IDT49C402A seeks to improve performance 
through architectural enhancements, it also achieves improved 
performance through raw technology. The IDT49C402A 
achieves an A and B address to Y output of 41ns for military 
and 37ns for commercial temperature ranges, as compared to 
four 2901 Cs and a 2902A which have A and B to Y and flag of 
80ns for military and 68ns for commercial. Thus the 
IDT49C402A is 45% faster than five discrete parts of the older 
2900 family, the IDT49C402A could achieve processing of 
approximately 15 MIPS. 


COMPARISON OF 16-BIT 
MICROPROGRAMMED SOLUTIONS 



IDT49C402A 

CMOS 

4 — 2901 C 
& 2902A 
BIPOLAR 

29116 

BIPOLAR 

Dynamic 

PowerO) 

125mA 

1049mA 

735mA 

ABI - Y/FLAGO) 

37ns 

68ns 

84ns 

Package 

Space 

Sq. Inches 

0.32 LCC 

1.5 DIP 

1.8 LCC 

5.04 DIP 

0.56 LCC 

2.08 DIP 

Features 

ALU 

64 RAM 

Q REG 
SHIFTER 

ALU 

16 RAM 

Q REG 
SHIFTER 

ALU 

32 RAM 
ACCUM 

BAR. SHIFT 


NOTE: 

1. Reflects performance over commercial temperature and voltage range. 


THE IDT49C402A IS COOL 

Even though the IDT49C402 has five times the circuitry 
on-chip as does the 2901, it is 1/2 the power of just one 2901. 

The 16-bit solution of the IDT49C402A is 1/8 the power of 
four 2901 Cs and one 2902A. While total power consumption is 
the concern of many designers because it has impact on power 
supplies and cooling systems, the lower power consumption 
also provides other benefits. Because less power is being 
consumed less of the package is needed as a heat sink. This 
allows for packages with much smaller outlines. Besides being 
offered in a standard 68-pin PGA, the IDT49C402A comes in a 
68-pin dual in-line package with pins on 70 mil centers, 600 mils 
wide, which yields a package with an outline of 2.5 x 0.6 inches. 
A 68-pin LCC with pad spacing of 25 mil centers, as well as a 
standard 68-pin LCC with pad spacing of 50 mil centers, are 
offered. When the board space taken up by just the packages 
are added up, the LCC version of the IDT49C402A is 
0.32 square inches, as opposed to 1.8 square inches for four 
2901Cs and a 2902A. Respectively, the IDT49C402A in the 
SHRINK-DIP package (70 mil centers) is 1.5 square inches as 
opposed to 5 square inches for four 2901 Cs and a 2902A. Not 
included in the calculations for the multi-chip solutions is the 
spacing between the ICs. 

The next ALU, soon to be introduced in the IDT49C000 
family, is the IDT49C403 which will be a 16-bit version of the 
2903/203. This device will be at least as fast as the four 2903s 
and a 2902A, and will consume 1/5 to 1/10 the power of the 
multi-chip solution. 

A 16-BIT SEQUENCER TO MATCH A 16-BIT ALU 

While ALUs provide the data path for performing computa- 
tions, the sequencer is another important building block which 
orchestrates the entire machine. The first sequencer in the 
IDT49C000 family is the IDT49C410. The IDT49C410 is 
architecture- and function code-compatible to the 2910A, with 
an expanded 16-bit address path which allows for programs up 
to 64K words in length. 

The IDT49C410 is a microprogram address sequencer 
intended for controlling the sequence of execution of micro- 
instructions stored in microprogram memory. Besides the 
sequential accesses, it provides conditional branching to any 
microinstruction within its 64K word range. 

While the 2910A incorporates a 9-deep stack, the IDT49C410 
has a 33-deep stack which provides micro subroutine return 
linkage and looping capability. This deep stack can be used for 
highly nested microcode applications. 

Referring to the block diagram on page 5, it can be observed 
that, during each microinstruction, the microprogram controller 
provides a 16-bit address from one of four sources: 1) the 
microprogram address register (juPO) which usually contains 
an address one greater than the previous address; 2) an 
internal direct input (D); 3) a register/counter (R) retaining data 
loaded during a previous microinstruction; or 4) a last-in first- 
out stack (F). 

The IDT49C410 is completely code-compatible with the 
2910A. This allows the IDT49C410 to execute previously written 
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IDT49C410 16-Bit Microprogram Sequencer. 


microcode, while allowing for more microcode to be added to 
the application and taking the program beyond the 4K word 
boundary. Because the IDT49C410 is microcode-compatible, 
older microcode routines can be incorporated in new designs 
utilizing the IDT49C410. 

The 16-bit IDT49C410 uses approximately 1/4 the power 
consumption of the 2910A (which is a 12-bit sequencer), thus 
maintaining the 1/5 power consumption on a bit-by-bit basis. 
The IDT49C410 consumes, over frequency and temperature 
ranges, 75mA for commercial and 90mA for military. The 
291 0A compares with 340mA for military and 344mA for 
commercial. Because of the lower power consumption, smaller 
packaging may be utilized. While the IDT49C410 is offered in a 
standard 600 mil wide package with pins on tenth inch spaces, 


it is also offered in a package which is 400 mils wide with pins 
on 70 mil centers. This is roughly 1/2 the standard package 
with regards to area taken up by each package. 

COMPARISON OF 
MICROPROGRAM SEQUENCERS 



IDT49C410A 

IDT49C410 

291 0A 

CC- Yd) 

15ns 

24ns 

24ns 

Stack Depth 

33 

33 

9 

Address Range 

64 K 

64 K 

4K 

Dynamic Powerd) 

75mA 

75mA 

340mA 


NOTE: 


1. Reflects performance over commercial temperature and voltage range. 
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WORKING TOGETHER 

The simplified block diagram of an example Central Proces- 
sing Unit (CPU) is shown below using devices manufactured 
by IDT. This CPU architecture can be viewed as two major 
sections which have a MICROSLICE family part at the heart of 
each. The major section of the left hand side of the diagram is 
the control path. The microprogram sequencer at the heart is 
the IDT49C410 which generates the address for the micro- 
program stored in the writeable control store (WCS). The 
output of the WCS is registered by the pipeline register. 
Together, the sequencer, WCS and pipeline register make up a 
state machine which controls the operation of the entire CPU. 
In this CPU, the state machine first fetches a machine instruc- 
tion and captures it in the instruction register. The instruction 
register determines the starting address for each sequence of 
microinstructions associated with each machine opcode. 

In this example, both the microprogram store and the 
instruction mapping memory are formed using RAM. The RAM 
has separate DATA !N and DATAqut buses (IDT71682). This 
allows the input side to be connected conveniently to an 8-bit 
bus for initialization at power up. 

The second major section is on the right hand side. This 
section is called the data path. The heart of this section is the 


IDT49C402A. In it is contained all of the working registers and 
the arithmetic logic unit for performing data computations. 
One of the internal registers always contains the value of the 
program counter (PC) which is the address at which the 
opcode for the machine instruction is fetched. When an opcode 
is fetched, the memory address register (MAR) is loaded with 
the value of the PC while, at the same time, the value of the PC 
plus one is loaded back into the internal register file. The 
DATA| N and DATA out registers are used to buffer data coming 
from and going to the memory during execution of the machine 
instruction. 

CONCLUSION 

The MICROSLICE family from IDT provides high-performance 
CMOS solutions for microprogrammed applications. Not only 
does the family provide for yesterday’s designs with plug- 
compatible devices of the IDT39C000 family, it also provides 
solutions for future applications. With the IDT49C000 family, the 
designer can take advantage not only of the lower power con- 
sumption of CMOS, but utilize higher speeds and smaller board 
spacing, yielding smaller packaging concepts required by 
today’s customers. In the future, the IDT49C000 MICROSLICE 
family will provide alternative architectures which will provide 
for yet higher performance solutions. 
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By David C. Wyland 

ABSTRACT DESIGN OF A CACHE MEMORY 


Cache memories are a widely used tool for increasing the 
throughput of computer systems. ThelDT7174CacheTag RAM is 
a new component designed to support direct mapped cache 
designs by providing the tag comparison on-chip. This allows 
relatively large cache memories to be designed with low chip 
count. The application of the IDT7174tocache memory design is 
explored by designing a simple cache memory, reviewing its 
operation and performance, discussing methods of extending the 
design, and then reviewing the theory behind the design of cache 
memories in general. 

INTRODUCTION 


To understand the application of the IDT7174 to cache memo- 
ries, we will begin by designing one. A block diagram of a cache 
memory system using IDT7174 Cache Tag memory chips is 
shown in Figure 2. The cache memory serves a 16-bit microproc- 
essor with a 24-bit address bus and a main memory. In this 
system, the 13 least significant bits of the address bus are con- 
nected to the address inputs of both the cache tag and the cache 
data RAM chips. The upper 11 bits of the address bus are con- 
nected to the data I/O pins of the cache tag RAMs. The remaining 
five I/O pins of the cache tag RAMs are connected to a logic 
1 < + 5). 


Cache memories are an important design tool for increasing 
computer performance by increasing the effective speed of the 
memory. Computer memories are usually implemented with slow, 
inexpensive devices such as dynamic RAMs. A cache memory is a 
small, high-speed memory that fits between the CPU and the main 
memory in a computer system. It increases the effective speed of 
the main memory by responding quickly with a copy of the most 
frequently used main memory data. When the CPU tries to read 
data from the main memory, the high-speed cache memory will 
respond first if it has a copy of the requested data. Otherwise, a 
normal main memory cycle will take place. In typical systems, the 
read data will be supplied by the cache memory over 90% of the 
time. The result is that the large main memory appears to the CPU 
to have the high speed of the cache memory. 

The IDT7174 Cache Tag RAM introduced by IDT simplifies the 
design of high-speed cache memories. It can be used to make a 
high-performance cache memory with a low part count. The 
IDT7174 Cache Tag RAM consists of a 64K-bit static RAM organ- 


Word Address 
RAM Write 
RAM Clear 

Output 

Enable 




Match 

(Data Input Pins - 
RAM Data Output) 


Cache Address 
Compare input 


Figure 1: IDT7174 Cache Tag RAM Block Diagram 


ized as 8K x 8 and an 8-bit comparator, as shown in Figure 1 . The 
comparator is used in direct mapped cache memories to perform 
the address tag comparison, and allows a 16K byte cache for a 
68000 microprocessor to be built with four memory chips. The 
I DT7174 also provides a single pin RAM clear control which clears 
all words in the internal RAM to zero when activated. This control 
is used to clear the tag bits for all locations at power-on or 
system-reset when the cache is empty of data. This allows one of 
the comparison bits to be used as a cache data valid bit. 



Figure 2: Cache Memory System Block Diagram 


The MATCH outputs of the cache tag rams are tied together 
and connected to the WAIT input of the microprocessor. A 330 
ohm pull-up resistor is used because the MATCH outputs are 
open-drain type. The MATCH outputs are positive-active. The 
MATCH output goes high when the contents of the internal RAM 
are equal to the data on the I/O pins. When several cache tag 
RAMs have their MATCH outputs connected together, a wire- 
AND function results: all of the comparators must each register a 
match before the common MATCH signal can go high. 

In the system shown, the state of the WAIT input to the micro- 
processor determines whether the memory data is to come from 
the cache or the main memory. If the WAIT input to the micro- 
processor is high, the microprocessor will accept data imme- 
diately from the cache data RAMs; if the WAIT input is low, the 
microprocessor will wait for the slower main memory to respond 
with the data. 

To understand how the cache memory operates, we will follow 
its operation from start-up in an initially empty state. When the 
system is powered-up, the cache tag RAMs are cleared to zero by 
a pulse to the initialize pins of the IDT71 74 RAMs. This causes all 
cells in the RAM to be simultaneously cleared to logic zero. When 
the microprocessor begins its first read cycle, the 13 least signifi- 
cant bits of the address bus select a location in the cache tag 
RAMs. The location in the cache tag RAMs is compared against 
the upper bits of the address bus and against five bits of logic one. 



® 1986 Integrated Device Technology, Incorporated 


7/86 


14-47 


Printed in the U.S.A. 






CACHE TAG RAM CHIPS SIMPLIFY CACHE MEMORY DESIGN 


APPLICATION NOTE AN-07 


The MATCH output of the cache tag RAMs will be low because all 
cache tag RAM cells were reset to zero, and the zeros from the 
selected cell are being compared against the five bits of logic 
one. In this case, the microprocessor waits for the slower main 
memory to respond. This is called a cache miss. 

When the main memory responds with read data for the 
microprocessor, this data is also written into the cache data 
memory at the address defined by the 13 least significant bits of 
the address bus. At the same time, the upper 11 bits of the 
address bus and the five bits of logic one are written into the 
cache tag memory. This 1 1-bit address tag, in combination with 
the 13 bits of RAM address select, uniquely identify the copy of 
the main memory data that was stored. The five logic one bits 
serve as a data valid bits which indicate that the data in the cell is a 
valid copy of main memory data. 

When the microprocessor requests data from the same loca- 
tion that has been written into the cache, the upper address bits 
on the address bus will be the same as the bits which were 
previously written into the cache tag RAM and the MATCH signal 
will go high. This is called a cache hit. In this case, the cache data 
is gated onto the data bus and the memory cycle is complete. 

If the microprocessor requests data from an address with the 
same 13 least significant bits as a word in the cache, but with 
different upper address bits, a cache miss will result and the 
current (more recent) data will be written into the cache. In this 
manner, the cache is continuously updated with the most 
recently used data. 

Memory write cycles are treated differently from read cycles. 
On write cycles, data is written directly into main memory and 
into the cache. This is called the write-through method of cache 
updating. Since all data is written immediately into main memory, 
it always contains current information. Data is written into the 
cache on full word writes or on byte (i.e. partial word) writes if a 
match occurred. Writing bytes into the cache only if a cache 
match occurs ensures that the full word in the cache is valid. For 
example, this ensures valid data for a byte write followed by a 
word read. 

The design in Figure 2 uses unbuffered writes. In unbuffered 
writes, all write cycles occur at main memory speeds. This slows 
down the system for all write cycles at the expense of simple 
memory controls; however, this may be acceptable since only 
15% of all memory cycles are write cycles in typical programs. 
Buffered write is a slightly more complicated method which 
improves performance. In buffered write cycles, the write data 
and address are loaded into registers, and the main memory write 
cycle proceeds in overlap with other processor operations. Since 
the next few cycles will probably be read cycles and their data will 
come from the cache, the result is that buffered write cycles are 
as short as cache read cycles. 

CACHE MEMORY DESIGN: PERFORMANCE 

Even a simple cache memory can improve system perform- 
mance. For a simple, 16-bit cache system such as described 
above, a hit rate (percentage of read cycles that are from the 
cache) of 68% can be expected. If IDT71 74 Cache Tag RAMs and 
IDT7164 cache data RAMs are used, an access time at the chip 
level of 35ns results and a corresponding system cache read or 
write cycle time of 50ns is practical. Assuming a system cache 
access time of 50ns and a main memory system access time of 
250ns, the average access time of an unbuffered cache would be 
134ns and the average access time of a buffered cache would be 
104ns. This corresponds to an improvement in access time of 
1.9:1 and 2.4:1, respectively. 


CACHE DESIGN DETAILS: CONTROL LOGIC 

Figure 3 shows a block diagram of a control logic design and a 
typical timing diagram for the cache memory of Figure 2. The 
vertical lines in the timing diagram represent 50ns timing inter- 
vals. The microprocessor is assumed to have a 50ns clock and a 
100ns memory cycle time. In the timing diagram and associated 
logic, a Read/Write Timing signal is used to determine whether to 
use the cache data or to start the main memory. This timing signal 
is the memory read/write request signal from the CPU delayed by 
37ns; the address-to-match time of the IDT7174. If main memory 
is used, this timing signal is used to write the main memory data 
into the cache RAMs on both the main memory read and write 
cycles. Data is written into the cache on write cycles only if there 
is a match or if it is a word write operation. The state of the 
MATCH line is latched by the Read/write Timing signal so that it 
remains stable during cache write operations. 
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Read/Write Timing 
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T s Output Enable 
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Wait (to up) 
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Figure 3: Cache Memory Control Timing and 
Logic Block Diagrams 


CACHE DESIGN DETAILS: 

UNCACHED ADDRESSES 

In the above cache design, we have assumed that all parts of 
memory are cached; however, there are significant exceptions to 
this assumption. Hardware I/O addresses should not be cached 
because they do not respond in the same way as normal memory 
locations. Bits in an I/O register can and must change at anytime, 
asynchronously, with respect to the rest of the system. A cache 
copy of an earlier I/O state is clearly not a valid response to an I/O 
read request under these conditions. Also, an I/O register 
address may be used for different functions for read and write, so 
that what is read will not be the same as what was written. For 
example, write-only control bits will not appear when read, and 
read-only bits will not be affected by write operations. For these 
reasons, hardware I/O addresses must always force cache 
misses. This can be accomplished by adding an I/O address 
decoder to the memory address bus to force a cache miss. (This 
decoder aleady exists in many systems to enable the I/O 
subsystem.) 

CACHE DESIGN DETAILS: DMA ADDRESSES 

Direct Memory Access (DMA) allows I/O devices such as disk 
controllers to have direct access to main memory by temporarily 
stopping the CPU and taking control of the memory address and 
data busses. If DMA devices are allowed to write into main 
memory without updating the cache memory, cache data could 
become invalidated because it would no longer be a copy of the 
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contents of main memory. The simplest solution to this problem 
is to have the cache monitor the memory bus and be updated if an 
address match occurs in the same manner as CPU write-through 
operations. Otherwise, the I/O DMA buffer areas of memory must 
be forced to be uncached in the same manner as hardware I/O 
addresses. 

CACHE DESIGN DETAILS: 

EXPANDING THE CACHE IN WIDTH 

The cache as described above, can be expanded in both width 
and depth. For a 32-bit system, two additional IDT7164 cache 
data RAMs (for a total of 4 chips) will be required to store the 
32-bit data words. A block diagram of a 32-bit cache system, with 
a 32-bit address bus, is shown in Figure 4. Compared with Figure 
2, the number of cache data RAMs has been expanded from two 
to four to handle the expansion of the data bus from 1 6 to 32 bits, 
and the number of cache tag RAMs has been expanded from two 
to three to handle the expansion of the address bus from 24 to 32 
bits. 



Figure 4: 32-Bit Cache Memory System 


y 

doubled the effective access time of the main memory but have 
cut the miss rate by less than half, yielding a net decrease in 
performance. 

CACHE DESIGN DETAILS: 

EXPANDING THE CACHE IN DEPTH 

The cache memory can be expanded in depth by adding 
copies of the cache tag and data chips and using upper bits of the 
address bus for chip enable selection. An example of an 
expanded cache is shown in Figure 5. The primary reason for 
increasing the size of the cache memory is to decrease the miss 
rate percentage. For example, increasing the cache size from 
8Kx 16 to 16Kx 16 decreases the estimated miss rate from 32% 
to 22%. 


Tag Bits from Address Bus 
A14-A23, Logic 1 


Data to/ Irom Data Bus 



Figure 5: Depth Expanded Cache Memory System 


Note that the cache memory system uses the memory address 
lines corresponding to the 32-bit words stored in the cache. If a 
byte addressing memory address convention is used, the least 
significant bit of the address lines going to the cache RAM chips 
is A2, with A1 and AO used to select the byte(s) within the word to 
be read or written in the cache data RAMs. 

There is a benefit to expanding the cache width by adding data 
RAMs: the miss rate improves. The miss rate improves because of 
the increase in width, as well as in the amount of data stored. The 
miss rate for a 8Kx 32-bit cache is estimated at 12.4%, as com- 
pared to 32% for a 8Kx 16-bit cache. Doubling the cache width 
by adding RAM chips doubles the amount of data stored. We 
would expect an improvement in miss rate due to the increased 
probability of finding the data in the cache. 

There is an additional improvement in miss rate, however, 
specifically due to the increase in width. This is because there is a 
high probability that the next word the CPU wants is the next 
word after the current one. If the cache width is doubled, there is 
a 50% probability that the next word is already in the cache, 
fetched from main memory along with the current word. 

Studies have shown that the miss rate is cut almost in half for 
each doubling of the cache data word width — called line size in 
cache theory — up to 16 bytes and larger (Smith 85). The disad- 
vantage of very wide cache data word width is either a wide main 
memory data bus or complex logic to transfer the word to the 
cache in a high-speed serial burst. Simply doubling the number 
of main memory cycles does not work well because you have 


CACHE DESIGN DETAILS: 

SET ASSOCIATIVE EXPANSION 


A better way to expand the cache memory in depth is called set 
associative expansion (shown in Figure 6), and its control logic 
(shown in Figure 7). In this example, we have two independent 
cache memories which results in a two-way set associative 
cache. If a match is found in one of the memories, its data is gated 
to the data bus. If no match is found, one of the two memories is 
selected and updated. Selection of one of the two memories for 
cache write update is done by using an additional 8K x 1 memory 
to hold a flag for each cache word, indicating which memory was 
read last. This way, the least recently used cache word of the pair 
is updated. 

The cache system described above attacks the problem of 
having two frequently used words mapped to the same cache 
word. For example, if a program loop included an instruction at 
200B2 (hexadecimal) and called a subroutine at 800B2, the cache 
word 00B2 would be alternately registered as a cache miss and 
updated with memory data from each of these two addresses. 
The above design solves this problem by having two independent 
memories. One would cache the instruction at 200B2 and the 
other would cache 800B2. 

Two way set associative expansion, while more complex in 
control logic, achieves a better miss rate. For example, the esti- 
mated miss rate for a 1 6K x 1 6 set associative cache is 1 8% versus 
22% for a simple 16Kx 16 cache. 
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Figure 6: 2-Way Set Associative Cache Memory System 
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Figure 7: 2-Way Set Associative Cache Control Logic 
Block Diagram 


CACHE THEORY: HOW IT WORKS 

A cache memory cell holds a copy of one word of data corre- 
sponding to a particular address in main memory. It will respond 
with this word if the address on the main memory address bus 
matches the address of the word stored. A cache memory cell 
therefore has three components. These components are an 
address memory cell, an address comparator, and a data memory 
cell, as shown in Figure 8. The data and address memory cells 
record the cached data and its corresponding address in main 
memory. The address comparator checks the address cell con- 
tents against the address on the memory address bus. If they 
match, the contents of the data cell are placed on the data bus. 

An ideal cache memory would have a large number of cache 
memory cells with each of them holding a copy of the most 
frequently used main memory data. This type of cache memory is 


called fully associative because access to the data in each 
memory cell is through its associated, stored address. This type 
of memory is expensive to build because the address cell and 
address comparator are generally several times larger, in terms of 
chip area or part count, than the data cell. Also, the address 
comparator required for each associative memory cell makes the 
design of the cell different from that of standard RAM memory 
cells. This makes a fully associative memory a custom design, 
precluding the use of efficient standard RAM designs. 



Figure 8: Cache Memory Cell Block Diagram 


CACHE THEORY: WHY IT WORKS 

Cache memories work because computer programs spend 
most of their memory cycles accessing a very small part of the 
memory. This is because most of the time the computer is execut- 
ing instructions in program loops and using local variables for 
calculation. Because of this observation, a 64K byte cache can 
have a 90+% hit rate on programs that are megabytes in size. 

HOW THE DIRECT MAPPED CACHE WORKS 

The direct mapped cache memory is an alternative to the 
associative cache memory which uses a single address compara- 
tor for the cache memory system and standard RAM cells for the 
address and data cells. The direct mapped cache is based on an 
idea borrowed from software called hash coding which is a 
method for simulating an associative memory. In a hash coding 
approach, the memory address space is divided into a number of 
sets of words with the goal of each set having no more than one 
word of most-frequently-used data. In our case, there are 8K sets 
of 2048 words each. 

Each set is assigned an index number derived from the main 
memory address by a calculation which is called the hashing 
algorithm. This algorithm is chosen to maximize the probability 
that each set has no more than one word of most-frequently-used 
data. In the direct mapped cache, the hashing algorithm uses the 
least significant bits of the memory address as the set number. 
This uses the concept of locality, which assumes that the most 
often used instructions and data are clustered in memory. If 
locality holds, the least significant bits of the address should be 
able to divide this cluster into individual words and assign each 
one to a separate set. 

A memory map of a direct mapped cache of Figure 2 is shown 
in Figure 9 as an example of how the main memory words are 
related to the cache words. The 16M Word main memory is 
divided into 8K word pages, a total of 2048 pages. Each word 
within each 8K page is mapped to its corresponding word in the 
8K words of the cache; i.e., word 0 of the cache corresponds to 
word 0 in each of the 2048 pages (8K sets at 2048 words/set). 
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Each word in the cache stores one word out of its set of 2048 
corresponding to one of the 2048 possible pages. Both the data 
word and the page number (i.e. upper address bits), are stored. 

Since only one word in each set (one of 2048 words in our 
case) is assumed to be one of the most-frequently-used words, 
each set has a single cache memory cell associated with it. This 
cache cell consists of an address cell and a data cell, but no 
comparator. One comparator is used for the cache memory sys- 
tem since only one set can be selected for a given memory cycle 
and only one comparison need be made. In a memory cycle, one 
set is selected, and the single cache address cell for that set is 
read and compared against the memory address, and the data 
from the cache data cell is placed on the bus if there is a match. 
The advantage of this scheme is that a single comparator is used, 
allowing standard RAM memories to be used to store the cache 
address and data for each set. 



Figure 9: Cache System Memory Map 

The cache cell for each set should hold thedatathat was most 
frequently used. However, since we do not know which data was 
the most frequently used until after the program is run, we 
approximate it by storing the most recently used data and replac- 
ing the least recently used (oldest) data. In the direct mapped 
cache, this is done by replacing the cache cell contents with the 
newer main memory data in the case of a cache miss. 


CACHE PERFORMANCE 

A cache memory improves a system by making data available 
from a small, high-speed memory sooner than would otherwise 
be possible from a larger, slower main memory. The performance 
of a cache memory system depends upon the speed of the cache 
memory relative to the speed of the main memory and on the hit 
rate or percentage of memory cycles that are serviced by the 
cache. 

The cache performance equations below express the idea that 
the average speed of the cache memory is the weighted average 
of the cycle times for cache hits plus the main memory time for 
cache misses, with memory writes dealt with as a special case of 


100% cache miss or 100% cache hit for the unbuffered and 
buffered cases, respectively. 

CACHE SYSTEM PERFORMANCE: MISS RATE 

One of the key parameters in a cache memory system is the 
miss rate. Miss rate figures are estimates derived from statistical 
studies of cache memory systems. The miss rate is an estimate 
because it varies, often significantly, with the program being run. 
Miss rate estimates for various cache memory configurations are 
given in Table 1. Miss rates for one example of two-way set 
associative expansion are also shown in this table. 


Size: 

Words/Tag RAM 

Miss Rate tor Cache Data Word Width - Bits 

Notes 

16 

32 

64 

128 

2K 

0.57 

0.23 

0.10 

0.04 


4K 

0.40 

0.18 

0.07 

<0.04 


8K 

0.32 

0.12 

0.05 

<0.04 


16K 



1^X21 

mrm 


16K (8K + 8K) 

kkeh 

0.07 


IEESI 

2-way Set Assoc 


Table 1. 


The miss rate estimates given in Table 1 are derived from 
simulation studies. (See references.) These studies covered 
cache sizes of up to 32K bytes and cache data word widths 
(called line sizes in cache terminology) from 4 bytes through 64 
bytes. In the case of 16-bit word width caches, the figures given 
are extrapolations from the 32-bit data. Also, the figures for 
cache sizes above 32K bytes (i.e., 1 6K x 32, etc.) are extrapolations 
from 32K byte data. 

CACHE SYSTEM PERFORMANCE FOR 
READ CYCLES 

Cache memory system performance is determined by the 
access time of the main memory, the access time of the cache, 
the miss rate (the percentage of memory cycles that are not 
serviced by the cache) and the write time. The effective access 
time of a cache memory system can be expressed as a fraction of 
the main memory access time. This dimensionless number, Ps, is 
a measure of cache performance. If we consider read cycles only, 
the access time of a cache memory system is: 

Ts = (1 - M)Tc + MTm = (1 - M)Tc + MTm 

Ps = Ts/Tm = (1 - M) (Tc/Tm) + M = (1 - M)Pc + M 
Where: 

Ts = Cache average system cycle time, averaged over read 
and write 

M = Miss rate of cache 

Tc = Cache cycle time, read or write (assumed to be 
equal) 

Tm = Main memory cycle time, read or write (assumed to 
be equal) 

Pc = Cache memory access time as a fraction of main 
memory cycle time 

Ps = Cache system access time as a fraction of main 
memory access time 

If the miss rate of a cache memory is 100%, Pc = 1.00. If the 
cache memory is infinitely fast corresponding to a cache access 
time of zero, Pc will be equal to the miss rate, M. For real cache 
memories, the access time of the cache is finite. This means that 
the cache system access time will approach the cache access 
time as the miss rate approaches zero. This is shown in 
Figure 10. 
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Figure 10: Cache Access Time vs Miss Rate for Read Cycles 

CACHE SYSTEM PERFORMANCE FOR 
READ AND WRITE CYCLES 

Memory write cycles affect the average access time of the 
cache system. In a write-through design, unbuffered write cycles 
are equivalent to cache misses, while buffered write cycles are 
equivalent to cache hits. Unbuffered write cycles take a main 
memory cycle to write data for every write. If the main memory 
write cycle time is the same as the read cycle time, this is equiva- 
lent to a cache miss. In buffered write, data is written into the 
cache and into a register for later off-line write into the memory. 
Thus, the write cycle in the buffered write case is equivalent to a 
cache cycle. Each write cycle in the buffered case is, therefore, 
equivalent to a cache hit. The performance equations for this 
case are: 

Ps = R((1 - M)Pc + M) + W(Tw/Tm) 

For unbuffered writes: 

Ps = R((1 - M)Pc + M) + W 
For buffered writes: 

Ps = Ft((1 - M)Pc + M) + WPc 
Where: 

R = Fraction of total memory cycles that are read cycles 

W = Fraction of total memory cycles that are write cycles 

Tw = Write time = Tm for unbuffered, Tc for buffered writes 

The effect of unbuffered write cycles is to limit the maximum 
performance of the cache system. For the average case where 
write cycles are approximately 15% of the total number of 
memory cycles, this is approximately equivalent to a cache 
memory performance of 0.15, as shown in Figure 11. 



Mm Rate. M 

Figure 11: Cache Access Time vs Miss Rate 
for Buffered and Unbuffered Write Cycles 


CACHE SYSTEM PERFORMANCE IN TERMS OF 
AVERAGE MEMORY ACCESS TIME 

Although cache memory systems can be evaluated in terms of 
the dimensionless performance parameter, Ps, you often need to 
calculate the actual access time for a specific system. This is 
expressed by: 

Ts = R((1 - M) Ter + MTmr) + WTw 
Where: 

Ts = Cache average system cycle time, averaged over 
read and write 

R = Percentage of memory cycles which are read cycles 
= 85% typical 

W = Percentage of memory cycles which are write cycles 
= 15% typical 

M = Miss rate of cache = 10+% typical 
Ter = Cache read cycle time 
Tmr = Main memory read cycle time 
Tw = Write cycle time: main memory for unbuffered write, 
cache for buffered 

For. typical values: 

Ts = 0.85(0.9Tcr + 0.1%mr) + 0.15Tw 
= 0.765Tcr + 0,085Tmr + 0.15Tw 
For unbuffered write and Ter = 50ns, Tmr = Tw = 250ns: 

Ts = 0.765(50) + 0.085(250) + 0.15(250) = 97.0ns 
For buffered write and Ter = Tw = 50ns, Tmr = 250ns: 

Ts = 0.765(50) + 0.085(250) + 0.15(50) = 67.0ns 

CACHE SYSTEM PERFORMANCE IN 
TERMS OF CPU WAIT STATES 

In many computer and microprocessor systems, the purpose 
of the cache memory system is to eliminate CPU wait states, 
clock periods where the processor is stopped waiting for the 
memory. The cache performance calculations for this condition 
are more properly expressed in terms of processor wait states as 
follows: 

New = R((1 - M) Ncr + (1 - H)Nmr) + WNw 

= RMNmr + WNw If: Ncr = 0 (no wait states for cache) 
Where: 

New = CPU average number of wait states, averaged over 
read and write 

R = Percentage of memory cycles which are read cycles 
= 85% typical 

W = Percentage of memory cycles which are write cycles 
= 15% typical 

M = Miss rate of cache = 10+% typical 
Ncr = Cache read cycle time wait states (typically 0) 

Nmr = Main memory read cycle wait states 
Nw = Write cycle wait states: main memory wait states for 
unbuffered write, cache wait states for buffered 

For unbuffered write and Ncr = 0 wait states, Nmr = 3 wait states: 
New = 0.085(3) 1ml .15(3) = 0.535 wait states 

For buffered write and Ncr = Nw = 0 wait states, Nmr = 3 wait 
states: 

New = 0.085(3) + .15(0) = 0.255 wait states 
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CACHE SYSTEM PERFORMANCE IN 
TERMS OF CPU THROUGHPUT 

The reason for adding a cache to a CPU is to improve through- 
put by eliminating wait states. CPU throughput improvement, as 
a result of adding a cache, can be expressed as the ratio of the 
speeds before and after adding the cache. For our purposes, 
CPU throughput improvement can be equated to memory 
throughput improvement. CPU throughput for this case can be 
defined as the CPU clock frequency divided by the number of 
clock states per memory cycle. The speed improvement provided 
by the cache can therefore be expressed as the ratio of the 
throughput with the reduced number of wait states provided by 
the cache to the throughput with full wait states: 

_ fclk/(No + New) 

FC ~ fclk/(No + Nm) 

= (No + Nm)/(No + New) 

Where: 

fclk = Frequency of processor clock 
N = Number of clock cycles per memory cycle 
New = Number of wait states for cache system (average) 
Nm = Number of wait states for main memory 
No = Number of processor states per memory cycle with 
no wait states 

Fc = Processor throughput relative to throughput without 
cache 


A 68010 microprocessor requires four clock states per mem- 
ory cycle, i.e. No = 4. Assuming a 12.5MHz clock and 250ns main 
memory access time, Nm = 2 wait states. If we use the unbuf- 
fered write case from the clock state analysis above, New = 0.535. 
The throughput improvement provided by the cache is therefore: 

Fc = (4 + 2)/(4 + 0.535) = 6/4.535 = 

1.32 = 32% throughput increase 

This is equivalent to increasing the CPU clock speed from 
12.5MHz to 16.5MHz. 


CACHE MEMORY PERFORMANCE: 

HOW MUCH DO YOU NEED? 

A simple, direct mapped cache memory system, as described 
above, is often the most cost effective design. In many cases, the 
effort to decrease the miss rate beyond that of a simple design 
may not be worth the increase in system performance. 

For example, if Pc is greater than 0.20 corresponding to a 
cache access time greater than 20% of the main memory access 
time, it may not be cost effective to improve the hit rate above 
90%. This is because there is a knee in the curve of performance 
improvement versus miss rate at the point where Pc = miss rate, 
as shown in Figure 1 0. In some cases, even the added expense of 
buffered write may not be justified. To examine the relationship 
between CPU throughput and miss rate, CPU thorughput 
improvement versus miss rate for various microprocessors is 
shown in Table 2. 


Miss Rate 

Throughput Relative to Uncached System | 

68010 

Unbuffered 

68010 

Buffered 

68020 

Buffered 

RISC 

Buffered 

1.00 

1.00 

1.00 

1.00 

1.00 

0.80 

1.06 

1.12 

1.19 

1.27 

0.60 

1.13 

1.20 

1.32 

1.49 

0.40 

1.20 

1.28 

1.49 

1.79 

0.20 

1.29 

1.38 

1.71 

2.24 

0.10 

1.34 

1.44 

1.84 

2.56 

0.05 

1.37 

1.47 

1.92 

2.76 

0.00 

1.40 

1.50 

2.00 

3.00 


Table 2. 


The data shown is for three CPU/cache systems. The 68010 
microprocessor system has a 12.5MHz clock and a cache with 
unbuffered write. The 68020 system has a 16MHz clock and a 
buffered write cache. The RISC CPU assumes a 10MHz RISC 
computer with a 10MHz clock and a buffered write cache, and 
assumes one clock per memory cycle with wait states equal to an 
integral number of clock cycles. 

Using the data in Table 2, we can make an interesting compari- 
son between chip count and performance gained over an 
uncached system. Table 3 gives this comparison, showing the 
chip counts, miss ratios, and performance improvement gain for 
simple, depth expanded, and two-way set associative expanded 
caches. The chip counts given are for the cache tag and data 
RAM chips required, but do not include chip counts for the 
control logic. One RAM chip is added for the two-way set associ- 
ative case for the least-recently-used cache flag RAM. 


Tag RAM 
Size 

68010 Unbuffered 



^^3 


ESI 







8K 

4 



* 

HB 

|Q| 

* 

EH 


16K 

8 

mra 


nm 

B2I 

nuj 

mm 

Mia 


8K+8K S.A. 

9 

MU 


mm 


IfB 

mm 

ma 

Bra 


Table 3. 


Table 3 shows that the throughput improvement created by 
expanding the cache above a minimum chip count design is 
small. This table can be interpreted in two ways. In small systems 
where the goal is to achieve high-performance at minimum chip 
count, the table indicates that a mimum chip count cache is best 
since it buys the most performance improvement per chip; dou- 
bling the cache chip count purchased less than 10% further 
increase in performance in all cases. In larger systems where the 
goal is to achieve maximum performance at moderate chip 
count, the table indicates that a further increase in performance 
of 5-8% can be obtained by adding fewer than ten chips. 

CACHE DESIGNS: 

DIFFERENT WAYS TO MAKE ONE 

The cache memory described above is a direct mapped cache. 
It is a simple, commonly used design with respectable perfor- 
mance. Further investigation into the technology of cache 
memories will reveal a wealth of other approaches to cache 
design. Much of the variety comes from attempts to maximize the 
performance of relatively small cache memories typical of earlier 
technology. Fortunately, there exists some data to help sort out 
the relative value of the various approaches. This data is in the 
form of studies on cache memory performance as a function of 
cache size, organization, word width, etc., such as the excellent 
work done by Prof. Alan Jay Smith of the University of California 
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at Berkeley (see references). These studies provide background 
and insight on how to achieve the highest performance out of 
cache memory systems, as well as documentation of a wide 
variety of cache schemes which do and do not work. The follow- 
ing comments are intended to provide a simplified guide to, and 
summary of, some of this data. The following comments are, in 
large part, judgments and opinions derived from the data in 
various reports and do not necessarily reflect the opinions of the 
original authors of the data. 

WHAT WE HAVE LEARNED ABOUT 
CACHE MEMORY DESIGN 

A simple, direct mapped cache as discussed above will give 
good performance if it is large enough. The ultimate measure of 
cache memory performance is its effect on system cycle time, 
which is a function of cache cycle time relative to main memory 
cycle time and the hit rate of the cache. Given a cache cycle time, 
miss rate becomes the measure of cache performance. Improv- 
ing cache perfomrance, therefore, means improving the hit rate. 
However, a simple design with a moderate miss rate may be 
sufficient for many applications, giving most of the performance 
improvement that could be achieved by a more sophisticated 
design. 

Much of the work that has been done on cache architecture 
and design was aimed at maximizing the performance of rela- 
tively small caches, consistent with the capabilities of earlier 
technologies. With today’s technology, in the form of chips such 
as the IDT7174, we can easily make large cache memories at low 
chip counts that are at the upper limit of the earlier technologies. 
As a result, much of the sophistication required in smaller cache 
designs, in order to achieve an acceptable hit rate, is not required 
in today's large cache designs. 

CACHE ARCHITECTURE: DIRECT MAPPED 
vs SET ASSOCIATIVE 

A pure cache memory should be an associative memory, where 
the cache contains all of the most recently used data words. The 
direct mapped and set associative designs are approximations to 
this which sometimes exclude recently used words when there is 
more than one frequently used word per set. Fortunately, the 
difference between associative, set associative and direct mapped 
can be quantified. The ratios of miss rates for set associative and 
fully associative, relative to the direct mapped case, are shown in 
Table 3A. For example, if the miss rate for a direct mapped design 
is estimated at 0.20, the miss rate for a two-way set associative 
design of the same size would be (0.78) (0.20) = 0.156. 

What this chart tells us is that two-way set associative caches 
have a significant performance improvement over simple direct 
mapped caches, but there is little additional improvement 
beyond four-way set associative designs. As was noted earlier, 
the set associative method can often be included in depth 
expanded cache designs where the two (or more) sets of cache 
hardware required for the expansion can be arranged to work in a 
set associative manner. 


Cache Type 

Ratio of Miss Rate to 
Direct Mapped 

Direct Mapped 

1.00 

2-Way Set Assoc 

0.78 

4-Way Set Assoc 

0.70 

8-Way Set Assoc 

0.67 

Fully Associative 

0.66 


Table 3a. 


CACHE SIZE 

Cache sizes on commercial systems have tended to range 
from 16K to 64K bytes. Caches smaller than 16Kcan have signifi- 
cantly higher miss rates, while caches larger than 64K may not 
significantly improve the miss rate. This is shown above in Table 
1. Much work has been done on the relationship between cache 
size and miss rate; however, most of this work is concerned with 
small caches, 32K bytes and under. The IDT7164/IDT7174 com- 
bination allows 16K byte cache memory design for 16-bit sys- 
tems and a 32K-byte design for 32-bit systems using a minimum 
number of chips, and can be easily expanded to 64K and larger if 
desired. 


WRITE THROUGH vs COPY BACK 

There are two general approaches to handling the memory 
write problem: writethroughand copy back. In the write through 
approach, memory data is written into main memory as it is 
received from the CPU. In the copy back mode, memory data is 
written into the cache and flagged with a “dirty write” bit which 
indicates that the word has been written into the cache but not 
into the main memory. The cache data is copied into main 
memory as a separate operation at some later time, and the dirty 
write bit is cleared. There appears to be little performance differ- 
ence between the write through and copy back approaches. 
Since the write through approach is simpler in concept and 
easier to implement, it is the most often used method. 

WRITE BUFFERING 

A significant performance increase can be achieved with a 
single level of write buffering. Complete write buffering requires 
more than one level of buffering to cover the case of two write 
cycles closer together than the main memory write cycle time. A 
FIFO can be used to buffer more than one word of write data; 
however, the FIFO need be no deeper than four words, since no 
further performance results from making it deeper. 

SPLITTING THE CACHE: 

INSTRUCTION/DATA, SUPERVISOR/USER 

Splitting the cache into two smaller caches, one for instruc- 
tions and one for data, seems like it would improve the hit rate; 
however, it doesn't. In theory, the CPU spends most of its instruc- 
tion cycles in a small part of the program. By caching these 
separately from the more random data memory, the hit rate on 
the instruction portion should be improved. Alas, the studies 
show that splitting the cache into two pieces typically does no 
better — and in some cases does a lot worse — than leaving the 
cache in one piece. This is, perhaps, because the miss rate for 
data is degraded by more than the hit rate for instructions is 
improved. 

LINE SIZE: MAIN MEMORY WORD WIDTH 
vs CACHE WORD WIDTH 

We have considered cache sizes where the CPU word width, 
memory word width and cache data word width are the same 
size. Performance improvement can result if the main memory 
and cache words are wider than the CPU word. If the cache word 
width (called the line size) is doubled the miss rate is cut almost in 
half. This is because the next word the CPU wants from memory 
is often the word adjacent to the one it just used. Increasing the 
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line size by a factor of two will lower the miss rate by almost a 
factor of two up to line sizes of 1 6 bytes and beyond. This is shown 

in Table 4. 


Cache Size 
in Bytes 

Miss Ratio Reduction for Increasing Line Size 

Line Size (Size of Block From Main Mem to Cache) 

4 bytes 

8 bytes 

16 bytes 

32 bytes 

4K 

1.00 

0.586 

0.364 

0.262 

8K 

1.00 

0.581 

0.345 

0.222 

16K 

1.00 

0.569 

0.330 

0.203 

32K 

1.00 

0.564 

0.324 

0.194 


Table 4. 


There are two approaches to increasing line size in order to 
reduce miss rate: by increasing the memory data bus width, and 
by fetching a block rather than a word of data from memory. 
Increasing the data bus width (from 16 to 32 bits, for example) 
may be practical in some systems where additional performance 
is desired. 

The other alternative is to transfer a block of bytes to the cache 
instead of a single word. This becomes significant in systems 
where there is a delay before data transfer from main memory, 
but where several words can be transferred quickly after the 
initial delay. An example of this concept is the page mode in 
dynamic RAM designs. In such a system, there may be an initial 
latency of 200ns to begin a memory read cycle but, once started, 
the memory may be able to transfer words at 1 00ns per word for 
blocks of up to 256 words. In this case, a line (block) size of 2-4 
words may be used to significantly reduce the miss rate with 
moderate increase in the main memory cycle time. 


SUMMARY 

Cache memories have been extensively used in large computer 
systems to improve performance. Cache tag RAM chips allow 
this technology to be adapted to the small-to-medium system 
design at reasonable cost. Simple, direct mapped cache designs 
with low chip counts can be used to achieve significant perform- 
ance improvements. High-performance and low miss rates 
are possible with simple designs due to the high speed and 
relatively large cache sizes possible with high-speed CMOS 
technology. 
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INTRODUCTION 

Today's high-performance systems are composed of multiple 
processors and controllers working together. Several decades 
ago, in all but the most sophisticated designs, there was one 
processor doing everything. Now, the descendants of these 
systems are more like multi-cell organisms where each cell is 
interacting with other cells and performing a specialized task. 
For example, a work station today is composed of a central 
processor (80286), a graphic/video controller, a communi- 
cations controller for ETHERNET or token ring, a mathematics 
accelerator and a disk controller (Figure 1). Except for the 
main CPU, all of the other elements are dedicated controllers. 
When performance counts, microprogram designs today can 
provide controller solutions that operate at more than 15 MIPS, 
which is an order of magnitude over what a fixed instruction 
set processor can provide. 

The requirement for many of today's system designs to 
provide the highest performance possible means there is a 
requirement for high-performance solutions such as micro- 
program architectures. The performance benefit, however, must 
always be traded off with the cost in terms of power consumed 
and number of parts in the design solution. The power and 
parts count for a solution provided by a given family of devices 


is directly related to the speed/power ratio of the technology 
used. For several years the speed/power performance advances 
in the bipolar bit-slice world have slowed to a mere crawl while 
other families have moved ahead. The new wave of very high- 
speed CMOS has entered the bit-slice world, thereby offering 
ever faster and denser functions. 

At the current level of technology, the number of gates, or 
the speed at which the gates can run in bipolar ICs is limited 
by the heat dissipation capabilities of the package which 
houses the individual piece of silicon on which the gates are 
fabricated. If the speed/power product is lowered, more speed 
can be gained from the same number of gates in the package 
or more gates can be packaged inside the device at the same 
speed. Because high-speed CMOS has a speed/power product 
almost an order of magnitude better than bipoloar TTL-ECL 
internal, it is becoming the technology of choice for new bit- 
slice functions today. Many more gates, running at higher 
speeds than the conventional bipolar technologies, may be 
contained in inexpensive packages. This provides more freedom 
for new architectures running at higher performance levels. 
Therefore, very high-speed CMOS is here just in time to breath 
new life into bit-slice ICs. 



Figure 1: Work Station with Floating Point Math Accelerator 

MICROSLICE is a trademark of Integrated Device Technology, Inc. 
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COMPARISON OF 

MICROPROCESSOR ARCHITECTURES 

In order to understand why microprogramming is still a very 
important architecture for today’s designer, one must compare 
the fixed instruction set (8086, 68000) versus bit-slice micro- 
processor architectures. These two different approaches have 
their major strengths in different areas. The fixed instruction 
set processors have mainly filled the niche of lower parts count 
solutions and general purpose computation. In the controller 
area they have serviced the low-to-medium performance solu- 
tions. On the other hand, the microprogram bit-slice products 
have been utilized in very high-performance control applica- 
tions and emulation of specialized computer architectures. To 
see why this is, one must inspect the architectures (shown in 
Figure 2) more closely. 

•The fixed instruction set processors, like the 68000, fall into 
a class of machines referred to as the Von Neumann-type 
architecture which has an address bus and a data bus linking 
together the processor and the memory. These two buses are 
sometimes referred to as the Von Neumann bottleneck. This is 
because all data and program instructions must pass through 
the address and data bus between the memory and processor. 
This limits the bandwidth because at any give time, only data 
or program instructions can be fetched or written. The 
performance is therefore directly related to the bandwidth of 
this data path. For example, in a 16MHz 68000 for one memory 
access, the clock must cycle three times, yielding 5 million 
data transfers in one second. To perform any instruction the 
processor must fetch the op code, source and destination 
designators, and the data. This can be anywhere from two 
memory cycles to many memory cycles and averages out 
around 3 to 5 memory cycles. At a bus cycle rate of 5MHz, this 


results in approximately 1 to 1.5 MIPS which is a theoretical 
number that exceeds actual benchmarks for the 68000. Through 
many years of optimizing the architecture and the instruction 
set, the fixed instruction microprocessors have become very 
good at performing general purpose-type computations. Because 
the instruction set is fixed and has been added to over the 
years, previous software written from these processors has 
been brought forward, creating a very rich base of application 
software to solve all sorts of applications such as operating 
sytems, compilers, editors, data base programs, etc. Use of 
high level languages has made this much easier. 

The microprogram architecture can be thought of as a 
Harvard class architecture. This architecture allows instructions 
to be fetched at the same time that data is fetched, thus over- 
lapping instruction fetch and decode along with data operations. 
The heart of the bit-slice architecture is found in the sequencer. 
The sole purpose of the sequencer is to generate a new 
address on every clock cycle. These addresses are fed into a 
programmed memory whose result is stored in an instruction 
register referred to as the pipeline register. The pipeline register 
and memory are very wide — anywhere from 32 bits to as large 
as 256 bits. The width of this register is tailored in each design 
in order to control a few or many operations in parallel, tuning 
the performance to the required application. The instruction 
register holds the instruction for the sequencer which is 
generating the next address. With a 20MHz signal clocking the 
sequencer, a new instruction can be fetched 20 million times 
per second. This sets an upper end performance level for the 
bit-slice architecture at 20 MIPS. This very high rate of 
instruction stream can be used to control such applications as 
disc controllers, high-speed graphics engines, dedicated DSP 
architectures for radar/sonar, imaging devices, communications, 
robotics and so on. 



PERFORMANCE 


1.5 MIPS 


20 MIPS 


Figure 2: Comparison of Microprocessors as Controllers 
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The other half of the Harvard architecture is the portion which 
processes data (shown in Figure 2) as the computation. This 
section is typically composed of RAM, arithmetic logic units, 
multipliers and data conversion elements (for DSP applications) . 
This portion of the architecture can have local memory which is 
used directly in the computation path, as well as larger more bulky 
memory. This architecture may be highly pipelined to get max- 
imum performance or it may be very simple small architectures. 

The 2900 family is a group of LSI/VLSI building blocks 
which provide such functions as sequencers, address gen- 
erators and data path elements. Typically, devices like the 2910 
are used for the sequencer and devices like the 2903 or 2901 
are used for the ALUs and the data paths of microprogrammed- 
type machines. Because the microprogram devices are thought 
of more as building blocks, they therefore have the capability 
and flexibility to emulate many different types of structures, 
just as the NAND-gate is the ultimate in flexibility. For example, 
the 2901 is often used as a sophisticated, dedicated address 
generator which can perform PC relative operations, calculate 
pointers into complex data structures, etc. Because of the 


flexibility and instruction rate, the microprogram architecture is 
very suitable for high-performance controllers and the emula- 
tion of special purpose computer architectures not available as 
fixed instruction set machines. 

NEW AND MORE POWERFUL 

BIT-SLICE DEVICES AS A RESULT OF CMOS 

Because CMOS consumes an order of magnitude less power 
for the same speed as bipolar, many more gates may be packed 
into the same package and still have room to reduce the size of 
that package. This allows for ever increasing levels of integration. 
IDT has designed a new family of bit-slice devices which can 
execute the already-existing microcode of the AMD 2900 family, 
but at more than four times the integration level. This family is 
referred to as the IDT49C000 family, and the heart of it is made up 
of ALUs and sequencers. Three key devices in this family are the 
IDT49C410, the IDT49C402 and the IDT49C403. These parts 
characteristically have wider data paths, more internal paths, 
larger RAM and support much higher clock rates than their 
bipolar predecessors. 



Figure 3: IDT49C410 16-Bit Microprogram Sequencer 


The IDT49C410,shown in Figure 3, is architecture and function 
code compatible to the 2910A, with an extended 16-bit address 
path which allows for programs up to 64K words in length. It is a 
microprogram address sequencer intended for controlling the 
sequence of execution of microinstruction stored in micro- 
program memory. Besides the capability of sequential access, it 
provides conditional branching to any microinstruction within 
the 64K microword range. Unlike the 2910 which has a 9 deep 
stack, the IDT49C410 has a 33 deep stack which provides 
microsubroutine linkage and looping capability. This deep stack 
can be used for highy nested microcode applications, as well as 


microprogram loop control. At the center of the IDT49C410 is a 
multiplexer which selects the address for the next instruction to 
be executed. During each microinstruction, the microprogram 
controller provides a 16-bit address from one of four sources: 1 ) 
the microprogram address register (/^ PC) which usually contains 
an address one greater than the previous address; 2) an external 
direct input used for branching; 3) a register counter (R) which is 
used to retain data loaded during a previous microinstruction; or 
4) the return stack which is a last-in first-out organization (F). 

In a typical application, the worst-case performance path for 
the sequencer is from a pipeline register through the condition 
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code mux and on into the instruction decoder of the sequencer 
which selects the next address. The address then passes through 
into the microprogram memory which must set up the next 
instruction into the pipeline register. Using the highest perfor- 
mance devices, this consists of a 6.5ns clocked Q pipeline register 
(IDT74FCT374A), 12ns condition code MUX (IDT74FCT153), 
13ns through the sequencer (IDT49C410A), 15ns access time for 
16Kx1 static RAM (IDT6168A) and 3ns set up to the pipeline 
register (IDT74FCT374A), thus yielding a 49.5ns cycle time. The 


20 MIPS operation is twice as fast as what was realistically 
achievable (10 MIPS) using the 2900 family’s corresponding 
support devices. This will allow designers to achieve performance 
levels never dreamed of before. Because of the enhanced 
CEMOS™ technology used tofabricate this device, the IDT49C410 
draws no more than 80 milliamps commerical in the worst-case 
system configuration which is approximately 1/5 the power of its 
12-bit predecessor, the 2910A, which is 344 milliamps. 


DATA 

IN 



Figure 4: IDT49C402 — 16-Bit CMOS Microprocessor Slice 
(Quad 2901 Plus Extra Destination Functions) 


The IDT49C402, shown in Figure 4, is a very high-speed, fully 
cascadeable, 16-bit CMOS microprocessor slice unit which 
combines the standard functions of four 2901s and a 2902 with 
additional control features aimed at enhancing the performance 
of bit-slice microprocessor designs. 

The IDT49C402 includes all the normal functions associated 
with the standard 2901 bit-slice operation: 1) a 3-bit instruction 
field composed of I 0 .I 1 .I 2 which controls the source operand 
selection of the ALU: 2) a 3-bit microinstruction field composed of 
I 3 .I 4 .I 5 used to control the 8 possible functions of the ALU; 3) 8 
destination control function lines which are selected by the 
microcode inputs l 6 ,l 7 ,l 8 ;and 4) a tenth microinstruction input, l g , 
offering 8 additional destination control functions. This lg input, 
which is above and beyond the standard 2901 instruction lines, is 
used in conjunction with Ie.l 7 .l 8 and allows for shifting the Q 
register up and down, loading the RAM or Q registers directly 
from the D inputs without going through the ALU, and new 
combinations of destination functions with RAM A-port output 


available at the Y output pins of the device. The new ability to load 
the RAM or the Q register directly for the D inputs without having 
to pass through the ALU means that new operands may be 
brought into the register file in parallel with ALU operations in 
critical sections of algorithms. Where thearchitecture used to take 
two cycles to load and operate, it now can be done in one cycle, 
providing twice the performance in critical portions of the code. 

Also featured in the IDT49C402 is an on-chip dual-port RAM 
that contains 64 words by 16 bits. This isfour times the number of 
working registers in the 2901. Because the on-board register file 
in the 2901 architecture is not readily cascadeable, the large 
memory is a significant advantage to the designer. The register 
file can be thought of as a high-speed cache on-board the device. 
The more room that is available to the programmer, the higher 
the hit ratio is for desired data. 

The 64 on-board registers in the IDT49C402 can be alternately 
used in a bank selected architecture to yield four sets of 16 
working registers. Each bank can then be set aside for one of four 
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microprogram tasks, thus making it easy to write multi-tasking 
microcode where any one of four tasks can be executed in each 
clock cycle. This means that the time to switch between tasks is 
one clock cycle for the ALU section of the circuitry. This can be 
very important in highly interrupt-driven controller-type archi- 
tectures. For fixed instruction set processors (like the 68020 or 
80386), a context switch requires the execution of multiple 
instructions. 

The critical path through the I DT49C402 on most applications is 
the A and B addresses and instruction to the data output. This 
path in the IDT49C402A is 37ns commerical. In a typical 
application this means that, if the addresses come from the 
pipeline register which has a clocked Q of 10ns and the data 


output of the I DT49C402A goes i nto another register with a set-up 
of 3ns, the full cycle time of that portion of the circuitry is 50ns, 
thus yielding an operation of 20 MIPS. This can be compared with 
four 2901 Cs (bipolar competitor) which require a system cycle 
time of 80ns, resulting in a maximum rate of 12 MIPS. 

While the 2901/49C402 architecture can be thought of as a 
2-bus architecture with 1 bus into the ALU and 1 bus out of the 
ALU, the 2903/203/49C403 is thought of as a 3-bus architecture. 
The IDT49C403 is a high-speed, fully cascadeable, 16-bit CMOS 
microprocessor slice unit which combines the standard func- 
tions of four 2903s and a 2902 — with additional control features 
aimed at enhancing the performance of classic bit-slice micro- 
processor designs. 



Figure 5: IDT49C403 16-Bit CMOS Microprocessor Slice 
(Quad 2903/203 Plus Expanded RAM) 
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Included in the extremely low-powered yet fast IDT49C403 
device (shown in Figure 5) are three bi-directional data buses, 64 
word x 16-bit dual-port expandable RAM, 4 word x 16-bit Q 
register, parity generation, sign extension, multiplication, division 
and normalization logic. Additionally, the IDT49C403 offers the 
special feature of enhanced byte support through both word/byte 
control and byte swap control. The IDT49C403A will support 
cycle times as fast as 65ns and will enhance the speed of all 
existing quad 2903A and 29203 systems by 40%. Being specified 
at an extremely low 185 milliamp maximum commercial power 
consumption, the IDT device offers an immediate system power 
savings and improved reliability over the existing designs. This 
device is packaged in either 108-pin PGA or a 144-pin leaded chip 
carrier. 

The functional block diagram of the IDT49C403 shows that not 
only has the data path been widened to 16 bits, but the RAM and 
the Q registers are four times as deep. Thus, the IDT49C403 has 
been expanded in depth as well as in width, giving a two-fold 
improvement in performance. Not only can the expanded RAM 
and Q registers be used to provide more room for caching 
intermediate operands, they can also be thought of in bank- 
selected architectures as providing room fora leastfourtasks in a 
multi-task environment. Therefore, in a highly interrupt-driven 
application, the overhead to switch between one task and the 
next is zero. 

Because the width of the IDT49C403 is 16 bits, a control line 
called W/B is provided to switch the IDT49C403 between working 
on 8 bits or 16 bits. When in the byte mode, the RAM location 
being written into has only the lower 8 bits enabled, leaving the 
upper 8 bits intact. All of the status flags coming out of the 
IDT49C403 come from the intermediate boundary between the 
8th and the 9th bit of the ALU, all of which makes it convenient for 
the designer to operate on 8 bits at a time. The word/byte control, 
taken in conjunction with the instruction enable, allows the 
designer to cascade the IDT49C403 into larger words such as 32 
bits or 64 bits by controlling each of the instruction enables and 
the word/byte line on the least significant device operand links of 
8, 16, 32, and 64 bits. The additional instruction added to the 
instruction set with an IDT49C403 can be used to swap upper 
and lower bytes inside each IDT49C403 device. 

CONSERVATION OF MICROCODE 

IDT provides a solution that minimizes the total redesign cost 
of transition from bipolar technologies to CMOS technologies. 
This is achieved by having a series of parts designed in CMOS 
taking advantage of the VLSI capabilities yet utilizing the same 
instruction set as devices in the 2900 family. Each of the three 
devices mentioned above is capable of executing microcode 
previously written for their bipolar counterparts. 

In the case of the IDT49C410 sequencer, the old microcode 
may be run with no alterations. For the two ALUs, the IDT49C402 
and IDT49C403, compatibility can be handled at several levels. 
The simplest solution is to connect only the instruction lines 
which correspond to the 2901 or the 2903/203, respectively, and 


tie the remaining inputs to their respective default levels. In this 
way, the design can execute the previously assembled 
microcodes. 

If the design requires the designer to take advantage of some of 
the new features in the ALU such as deeper register files or new 
data paths, microcode must be modified to control the additional 
instruction lines. This can be achieved by modifying the 
assembler and reassembling the old microcode. 

Because each microprogram design is different, the micro- 
program control word is different. This requires that micro- 
program assemblers have the ability to define mnemonics and 
relationships to define microprogram instructions and then 
assemble the user’s microprogram written in the design’s unique 
instructions. When upgrading from four2901s to one IDT49C402, 
for example, the designer can add new mnemonics for the new 
operations to the definition phase of the microprogram assembler. 
At this point, consideration for the additional instruction input 
lines are made by simply widening the subfields. After the 
definitions have been modified, the older microcode can be 
reassembled along with new code using the new operations. 


GRAPHICS ACCELERATOR EXAMPLE 

Today's high-end work stations use a processor like the 68020 
or 8386 as the main CPU. Often augmenting the processing 
capability of the main CPU is a floating point math accelerator. 
While in some cases the floating point units are connected to the 
main CPU as a co-processor, in other cases the floating point is a 
separate processor itself. If the floating point processor is 
isolated from the main CPU through the use of a dual-port, 
higher overall system performance can be achieved because the 
accelerator can process in parallel to the main CPU. 

In a graphics-type application, it is conceivable that the dual- 
port could contain a link list of data elements containing three 
dimensional point values and transformation instructions which 
are composed of 4 x 4 matrix. The floating point processor then 
could have the capability of traversing the link list and multiplying 
each point with the transformation matrice. This scenario could 
be used not only to rotate three dimensional objects, but also 
transformation of three dimensional objects onto two dimen- 
sional surfaces and performing clipping algorithms for final dis- 
play on the video graphics terminal. Figure 6 shows how a cube 
might appear to a viewer of the work station and how it might be 
represented internally in memory. 

The floating point accelerator can be broken into three main 
functional blocks: dual-port RAM, controller and floating point 
ALU, and multiplier. A block of dual-port RAMs is used as the 
interface between the global system bus and a local system bus 
used by the floating point processor. The control section 
generates sequences of instructions fora floating point ALU as 
well as the address generator indexing into the dual-port. The 
performance of the floating point accelerator is determined by 
how fast the controller can generate instructions for the ALU and 
the data band width of the ALU. 


CMOS BREATHES NEW LIFE INTO BIT-SLICE 


APPLICATION NOTE AN-08 



I CUBE ~k 
A | x y z w 


Fix y z w 




b 


B | x y 


C|x y z w" 


D | x y z w 

E I x y 2 w | 


HUES , 

b 
b 


Cr 


G | x y z w 


b 

b 




| x y z w | 


all 

a12 

a13 

a14 

a21 

a22 

a23 

a24 

a31 

a32 

a33 

a34 

a41 

a42 

a43 

a44 


Dual-Port RAM 


Figure 6 


The Processor’s View 


There are various floating point ALU devices on the market 
today. These devices can be grouped by the number of data 
buses used to get data in and out of them and the number of 
operations that can be performed at any given time (pipelining 
stages). The 1164/65 from Weitek each have one data bus in and 
out. These devices are meant to be connected to a common data 
bus which eventually is tied to the data bus of a fixed instruction 
set processor. 

The 1264/65 floating point devices from Weitek and the 
IDT721264/1265 pin compatible CMOS versions have two data 
buses in and one data bus out, thus supporting the three bus- 
type architecture. Unlike the 1164/65, these devices can be 
operating on various pieces of data in several stages of completion 
through the use of pipeline registers, thus having a higher 
throughput. Both the IDT721264 and IDT721265 have a clock 
rate of 20MHz. The three data buses and pipelining makes the 
1264/65 a very good match for high-performance bit-slice 
solutions. 

The following is a discussion and comparison between two 
different types of solutions: the first being a fixed instruction set 
processor controlling the 1164/65 and the second solution being 
a 1264/65 controlled by bit-slice. The detailed description of the 
1164/65 and 1264/65 are beyond the scope of this article, but 
Figures 8 and 10 show timing sequences of parameters, instruc- 
tions and results. 

FIXED INSTRUCTION PROCESSOR 

As with any design problem, there are various solutions which 
present trade-offs in parts count and performance. The fixed 
instruction set processors provide solutions that are typically the 
lowest parts count but, when applied to dedicated control 
applications, do not provide the highest performance. The Intel 
80386 is an example of a fixed instruction set processor that is 
popular as a general purpose CPU. Figure 7 shows a block 
diagram of how it would be used to control the 1164/65. While one 
approach could use a co-processor, the Weitek 1164/65 provides 
a higher performance solution. 


In keeping with the possible structure for the floating point 
accelerator previously discussed, the 80386 serves the purpose 
of controlling the overall operation of the accelerator, shown in 
Figure 7. It serves the purpose of fetching data from the dual-port 
RAM. Through address decode circuitry and bus transceivers, 
the 386 sends commands as well as data to the ALU. The 
instructions are encoded as addresses in the 386’s memory map 
where each address corresponds to a unique instruction for the 
1164/65. While the address map is a clever concept, and probably 
the most efficient implementation, the decode and bus transceiver 
circuitry numbers more than a dozen parts. 

To understand the performance, bus cycles must be counted 
and multiplied times the clock frequency. To perform one floating 
point operation, data must be fetched from the dual-port into the 
80386 registers and then written out to the floating point chip. At 
this point, the floating point chips must be clocked multiple times 
to accomplish the desired operation. Finally, the 80386 must read 
the results into its register file where it might be saved as a 
temporary value or moved back to the dual-port. 

The memory-to-register move instruction of the 386 requires 
four clock cycles. The register-to-memory move instruction 
requires two clock cycles. Therefore, to read data from the dual- 
port RAM into the floating point ALU requires six clock cycles. 
Instructions are passed from the 386 to the 1164/65 via the 
address bus. Each time the memory map is written to or read 
from, a clock is generated to the 1164/65. After placing the two 
operands in the floating point ALU, they must be clocked five 
times (shown in Figure 8), thus using ten clock cycles. Finally, to 
get data out of the floating point ALU, a memory-to-register 
move must be performed using four clock cycles. Therefore, to 
perform a floating point single precision floating point operation, 
38 clock cycles must be utilized. In order to perform a three 
dimensional transformation requiring that a vector be multiplied 
by a matrix of 4 x 4 elements, 1 ,064 clock cycles must be utilized. 
At a clock rate of 16MHz, this means that a transformation can be 
done every 66 microseconds. This does not include the instruc- 
tions to manage the linked lists and housekeeping. 
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Figure 7: Floating Point Accelerator Using Fixed Instruction Set Processor 
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The need was recognized for a higher performance solution 
utilizing a processor like a 386. A product from Weitek, the 1163, 
replaces the address and instruction decode in the block 
diagram. The 1163 is a small sequencer and RAM which takes 
instructions from the 386’s address bus and translates them into a 
series of instructions to the 1165 and 1165, thus reducing a 
floating point operation to 13 cycles. This results in a floating 
point transformation being done in 256 cycles which, with 16MHz 
clock, yields a transformation every 15.5 microseconds — a 5 fold 
improvement. 

MICROSLICE™ SOLUTION 

Whileasixfold increase in performance can be achieved using 
a special purpose sequencer like the 1163, by using general 
purpose sequencers (like the IDT49C410), another order of 
magnitude in improvement can be achieved. This improvement 
in performance is the direct result of three major characteristics 
of microprogram solutions. The first characteristic is that on 
every clock cycle a new instruction is fetched and executed, 
producing a sequence of very rapid fire instructions. The width of 
these instructions is chosen at design time to maximize the 
controllability of multiple devices. Therefore, the second char- 


acteristic of microprogram solutions is that multiple devices can 
be controlled in parallel. The third advantage of microprogram 
solutions is that multiple buses can be utilized and controlled in 
parallel, thereby allowing the designer to tailor the performance 
of the design to match the requirements of the application. 

The MICROSLICE™ family is very well suited for controlling 
such devices as the floating point ALU or multiplier, like the 
IDT721264/1 265, both of which are pin and functionally com- 
patible with the 1264 and 1265. The control section of the floating 
point accelerator (shown in Figure 9) can be composed of the 
IDT49C410 which generates addresses to the writeable control 
store of the IDT71681. This, in turn, produces an instruction 
which is held in a pipeline register. The pipeline register is the 
current instruction being executed. From this register, control 
lines fan out to all instruction lines and control inputs of every 
device in the accelerator subsystem. 

IDT49C402 AS AN ADDRESS GENERATOR 

While most designers would think of the IDT49C402 and its 
class of devices only as ALUs with register files for data paths, it 
can be used for a larger variety of tasks. In the accelerator 
applications, it is used as an address generator. The data for a 
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Figure 9: Floating Point Accelerator Using MICROSLICE T “ Approach 
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4x4 matrice can be stored in the dual-port memory as a 
sequential list of 16 values. Any element can be located by adding 
together the address pointer to the start of the matrix, the row 
offset and the column offset. To perform a matrix multiplicaton 
with a vector, a column of values out of the matrix is individually 
multipled with the corresponding values in the vector and then 
the four products are summed. One way of efficiently generating 
the addresses using the IDT49C402, is to have the address 
pointer to the matrix and vector stored in the registerfile. To start, 
the address pointer of the matrix could be summed with a 
constant corresponding to the column to be operated on. This 
operation can be accomplished in one cycle by bringing the 
constant in through the “D” bus from the pipeline register, 
addressing the pointer with the A address and storing the result 
at a location specified by the B address. In the same cycle the 
new address could be output from the ALU through the Y port 
and placed in the MAR register. In this way, the MAR register 
would supply the dual-port RAM address on the next cycle, thus 
forming a pipeline mode of operation. On the next three cycles, 
the new address stored in the register file could be incremented 
and the respective calculated addresses passed on to the MAR. 
Therefore, in four cycles four addresses can be generated in 
rapid fire that correspond to four values in the column of the 
matrix. All of this function can be independent of, and working in 
parallel with, what is happening in the computation unit. With 
proper orchestration, address can be fed into the dual-port RAM 
and values read out in succession into the computation unit on 
every cycle. The minimum time from register file address to the Y 
output is 37ns, which is one of the fastest ways to generate 
complex 16-bit address. 

Just as the IDT49C402 can be used to compute offsets into 
matrices, it can also be used to keep track of linked lists of 
complex data structures. The registerfile could be used to retain 
pointers of various lists, as well as intermediate pointers. In the 
accelerator described earlier, there are several required pointers: 
one pointer to the head of a list of XYZW points, an intermediate 
pointer to the current XYZW and a pointer to the transformation 
matrix. 

HIGH-PERFORMANCE COMPUTATION 

The computation portion of the accelerator is composed of the 
floating point devices and some local storage. The most efficient 
approach for multiplying a series of vectors with a transformation 
matrix is to start out by fetching the matrix from the dual-port 
RAM into local memory connected to the floating point chips. For 
this purpose, two IDT49C403s are incorporated as a 32-bit 
register file and ALU. Since the IDT49C403has64 registers, there 
is plenty of room to store the 4 x 4 matrix and still be able to 
accommodate temporary variables. The 32-bit ALU portion of 
the IDT49C403scan then be conveniently used to perform fixed 
point arithmetic and logic functions. 

The IDT49C403 is a three bus architecture which allows for 
both of the output ports of register file to come off-chip and drive 
inputs into the floating point devices. In this way, two operands 
can come from the IDT49C403s and one from the dual-port 
addressed by the IDT49C402 each clock cycle. The results of the 
floating point multiplier or ALU can be stored back into the 
register file using the Y bus. 

Once the transformation matrix is stored in the IDT49C403 
registers, consecutive XYZW point values can be brought from 
the dual-port. In this way, a value from the XYZW vector and 
transformation matrix can be fed to the multiplier (IDT721265) on 
every cycle, thus keeping the multiplier constantly busy. 


The multiply of a column with a vector is a sum of four 
products. The multiply of an XYZW vector with a 4 x 4 matrix is, 
therefore, 4 sums of products. Because it takes 8 clock cycles to 
perform the multiply and 12 clock cycles (shown in Figure 10) for 
the add operation (IDT721264), it is impractical to contemplate 
doing one sum of product in sequential cycles if the goal is to 
feed the multiplier and ALU on every cycle. To this end, the 
algorithm (pictured in Figure 11) works on all four sums of 
products in parallel. 

To implement the parallel scheme the X,Y,Z and W must be 
multiplied in succession with each row of values in the matrix. 
When the four products of X with the first row of the matrix come 
out of the multiplier (all, a12, a13, a14), they must be temporarily 
stored in the IDT49C403s until the four products of Y with the 
second row (a21 , a22, a23, a24) start to come out. When the result 
of the first product of Y comes out (Y- a21 ), it can be immediately 
fed into the floating point ALU (IDT721265) with the first product 
of X (X- all) which is stored in the registerfile of the IDT49C403s. 
As the results of the sum of X and Y vectors come out, they must 
be stored until the corresponding sums come out of the Zand W 
vectors. When the corresponding sums are available, the final 
sum of all four vectors may be computed. 

Figure 12 shows how the parallel algorithm can be imple- 
mented while taking into account pipelining of the floating point 
devices. The block is a graph which represents time as clock 
cycles on the horizontal axis and pipeline stages on the vertical 
axis. The input values start at the top and flow down to the bottom 
of the chart. Intermediate values out of the multiplier and the ALU 
are stored in the IDT49C403 and are reinserted into the floating 
point ALU in the middle of overall pipeline. 

Since this is a pipelined parallel architecture, a new matrix 
multiply can be started every 32 clock cycles. This results in a 
matrix multiply every 2 microseconds, given a 16MHz system 
clock which is more than a 33 fold increase in performance over 
the 386 solution. One of the tradeoffs is that there is a 40 clock 
cycle latency tocomplete the matrix multiply afterthe last values 
are put into the top of the pipeline. This is not a technical problem 
because the dual-port memory can contain a complete list of 
XYZW vectors and be processing them in sequence. 

FIXED INSTRUCTION SET VERSUS MICROSLICE 

As can be seen, different solutions to the same application can 
result in a broad range of performances of much more than an 
order of magnitude, 1 to 33. The larger increase in performance 
must be viewed from the perspective of the tradeoff in hardware. 
On the level of VLSI devices, the control section of the 80386 
solution uses one device, whereas the MICROSLICE solution 
uses two devices: the IDT49C410 for overall control and the 
IDT49C402 for operand address generation. The computation 
section maintains the one-to-two ratio with two devices for the 
80386 solution (the 1164 and 1165) as opposed to the bit-slice 
solution which uses four devices (the I DT721264, 1 DT721265 and 
two IDT49C403s). In 1985, the disparity in the parts count of 
these areas would have been much greater because only 4-bit 
ALU slices were available, making the count for the control 
section 5 devices and the computation 6 devices. 

The two areas where these solutions differ the most is in the 
control word formation for the floating point chip and the number 
of buses. For the 80386 solution, control signals are derived from 
the execution of a program stored in a 32-bit cycle wide memory 
which generates a succession of addresses which in turn are 
decoded into control words for the 1164/65. The decode logic is 
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approximately a dozen devices which includes address buffers, 
address decode, transfer acknowledge, etc. The microprogram 
solution generates the control signals directly from a program 
memory of 16 bits wide which is stored in an instruction register 
called the pipeline register (12 IDT39C825A octal registers). 

The area which has the largest variation in parts count is the 
bus structure. The 80386 has one address bus which it uses for 
control and one data bus which ties together the 80386, program 
RAM, dual-port RAM and the computation unit. There is one set 
of four bus transceivers required to isolate the floating point 
chips from the local data bus. 

In contrast, the microprogram solution has numerous short 
buses which require interconnecting. One data bus comes from 
the dual-port RAM which ties together the control section as well 
as providing parameters to the computation section. The com- 
putation section, however, has four short buses which require 
four sets of four bus buffers (16 octal buffers) plus four octal 
registers for storing an intermediate value. The table in Figure 13 
shows a summary of the performance and parts count of the two 
solutions. The total at the bottom is a sum of the sections 
compared. While it is not a total parts count, the ratio will be 
representative of the relation between the two solutions. 

CONCLUSION 

It can be concluded on a comparison basis that the 
MICROSLICE solution provides 33 times the performance of a 
fixed instruction set procressor like the 80386 for about 2 to 3 
times the parts count. The advantage of the 80386 solution is that 


it utilizes single 32 address and data buses with one 32-bit wide 
memory, but has the disadvantage of requiring many clock 
cycles to perform a control operation. The advantage of the 
MICROSLICE solution is that it can control multiple devices in 
parallel at the cost of wider control memory and multiple bus 
interface parts. The speed/power product provided by very high- 
speed CMOS today offers the designer bit-slice toolsfor designing 
control structures and computation units which are on a com- 
parable level of integration with fixed instruction set processors, 
but can offer significantly more than an order of magnitude in 
performance. 
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By DAVID C. WYLAND 


ABSTRACT 

High-performance controller designs use bit-slice components 
for their speed and design flexibility. Speeds of 10-20 million in- 
structions per second (MIPS) are common and the designer can 
use bit-slice design flexibility to perform speed-critical operations 
in one instruction. Bit-slice designs have the drawback, however, of 
requiring microcode design for their implementation, often with a 
long development cycle. The problem is that the microcode re- 
sides in a separate, stand-alone control memory which prevents 
use of the kind of interactive prototyping and debugging tools asso- 
ciated with conventional microprocessors. The problem can be 
eliminated by using a dual-port RAM for the control memory, mak- 
ing it part of the data memory address space, and converting the 
controller to a CPU by borrowing some techniques from Reduced 
Instruction Set Computer (RISC) designs. The result is a RISC con- 
troller where the microinstructions of the bit-slice approach 
become the instructions of a computer. The design approach pro- 
vides all the speed and architectural flexibility of microcoded bit- 
slice designs, while allowing the use of interactive debugging 
methods associated with microprocssors. 

BIT-SLICE VERSUS RISC ARCHITECTURES 

An example of a typical bit-slice controller design is shown in 
Figure 1 . It consists of a control flow section and a data flow section. 
The control flow section has a microinstruction counter and the 


control memory. The data flow section has a register and ALU ele- 
ment -the bit-slice -plus a data memory and I/O registers on a 
data bus. Note that the control and data memories are separate. 
The use of separate data and instruction memories is called the 
Harvard architecture. The separate control memory provides some 
of the speed associated with bit-slice designs because it operates 
In parallel with the data memory. This allows the next microinstruc- 
tion to be fetched from the control memory, while data for the cur- 
rent Instruction may be read from the data memory. This contrasts 
with conventional microprocessors which alternately get instruc- 
tions and data from the same memory. This use of a single memory 
for instructions and data is called the Von Neumann architecture. 

There is a remarkable similarity between the block diagram in 
Figure 1 and the block diagrams of RISC computers, as can be 
noted by comparing the block diagram in Figure 1 with the block 
diagram of a RISC CPU shown in Figure 2 .The difference is that the 
control memory and the data memory of the controller have been 
replaced by an instruction cache memory and a data cache mem- 
ory in the RISC CPU. The instruction and data cache memories 
work the same as their microcode counterparts except that they 
both contain copies of data in the common main memory. The pro- 
grammer sees a single memory— the main memory— while the 
hardware works as if it has two independent memories. In this man- 
ner, the RISC computer has the speed advantage of the Harvard 
architecture and the single memory for programs and data of the 
Von Neumann architecture. 


DATA FLOW SECTION 


CONTROL FLOW SECTION 
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Figure 2. RISC CPU Block Diagram 


The instruction and data caches of the RISC architecture are 
equivalent to having two ports on one memory. We can apply this 
concept to bit-slice controllers by using a high-speed dual-port 
memory in place of the cache memories, as shown in Figure 3. The 
dual-port RAM allows the instruction and data ports to be active si- 
multaneously and independently, while providing both sides ac- 
cess to a common set of RAM cells. Since both ports are working 
from the same memory, the data flow section can load and move 
both data and instructions in the same manner as a conventional 
microprocessor. As a result, this design functions as a conventional 
CPU with a long instruction word. This allows conventional interac- 
tive software tools, such as interpreters and monitors, to be used in 
system development and debugging. 

DESIGN OF A RISC CONTROLLER 

The design of a RISC controller using a dual-port control mem- 
ory is similar to a conventional bit-slice design except for inclusion 
of a minimum set of operations for a CPU. This allows use as a con- 
ventional computerfor software coding and debugging. In ordinary 
bit-slice controller designs, the minimal CPU operation set already 
exists as a subset of the data flow and control operations already 
present. 

A minimal set of CPU operations, suitable for bit-slice designs, 
can be derived from the instruction set of a RISC-like computer 
such as the Data General Nova minicomputer. It is a useful example 
because it is a 1 6-bit general register design having approximately 
20 instructions and three addressing modes, yet is fully functional 
as a computer. From its instruction set, the list of 21 operations 
shown in Table 1 can be derived as a representative minimum 


working set. If the design includes these operations, it will function 
as a CPU. 

Table 1. Minimal CPU Instruction Set 

1 . Load register from memory at immediate address 
(address in instruction). 

2. Load register from memory at address in a register. 

3. Store register to memory at immediate address (address 
in instruction). 

4. Store register to memory at address in a register. 

5-11. Move/combine registers: move, negate, invert, add, 

subtract, AND, OR. 

12-13. Shift: rotate left through sign, rotate right through sign. 

14. Read status register. 

15. Write status register. 

16. Jump absolute: load program counter with immediate 
address. 

17. Jump register: load program counter with register 
contents. 

18-20. Jump absolute conditional: if zero result, if sign, if carry. 
21. Jump and save return (Program Counter) in a register. 

This instruction set assumes a set of general purpose registers 
(typically 1 6 or more in bit-slice designs) , a memory which contains 
both instructions and data and a status register which records the 
result of register-to-register operations. I/O registers are assumed 
to be mapped into the memory space so that separate instructions 
for them are not required. 
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Figure 3. Bit-Slice Controller With Dual-Port Control Store 


Some of the above operations are automatically included in bit- 
slice controllers as a result of staightforward design. The register 
combination operations are provided by the bit-slice RALUs and 
the jump operations are commonly required as part of the control 
flow design. All that is required to complete the set is the ability to 
transfer registers to and from memory, to save and restore the 
status register and to save the Program Counter in a register in 
Jump and Save Return instructions. 

Figure 4 shows a block diagram of a general purpose bit-slice 
controller design, based on the RISC controller architecture in Fig- 
ure 3, and capable of implementing the minimal instruction set. 
This is a 16-bit controller design using an IDT49C402 16-bit RALU 
and a 64-bit instruction word. The control flow section is fully 
pipelined for maximum speed and uses a simple counter as the 
Program Counter (PC). As a result, branch execution is delayed by 
one instruction: the instruction following the branch is executed be- 
fore the branch takes effect. This method allows maximum speed 
in the control flow section and is commonly used in RISC designs. 
A path is provided from the PC to the data inputs of the IDT49C402 
for saving the PC in a register during Jump and Save Return opera- 
tions. Also shown in the block diagram is an initial-load EPROM. 
This EPROM holds the non-volatile copy of the program to be 
loaded at power up. A power up flip-flop and some sequencing 
logic cause the contents of this EPROM to be loaded into the RAM 
at power up. 



Figure 4. Dual-Port Bit-Slice RISC Controller Design 
Block Diagram 
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In the design in Figure 4, the instructions and data share the 
same memory. The mapping for instructions and the mapping for 
data are different, however, as is shown in Figure 5. The eight dual- 
port RAM chips are mapped as 2K words of 64 bits/word on the 
instruction port and as 8K words of 16 bits/word on the data port. 
Each 64-bit instruction word corresponds to four sequential 16-bit 
data words. The instruction at address 0000 on the instruction port 
corresponds to locations 0000, 0001, 0002 and 0003 on the data 
port. On the instruction port, all eight chips are enabled, resulting in 
64 bits of instruction output. Only the upper 14 bits of the PC are 
used to address the RAM so that the address in the PC is consistent 
with the addressing on the data side. On the data port, the least sig- 
nificant two bits of the address in MAR select the appropriate 1 6-bit 
word by selecting the chip enable for the appropriate one of four 
pairs of chips. 

RISC CONTROLLER INSTRUCTION FORMAT 

The 64-bit instruction word is shown in Figure 6. Fifty of the 
64 bits are used to control the basic data and control flow of the 
controller and 14 bits are available as additional control bits for the 
specific controller application. Each 64-bit instruction word from 
the control port of the RAM is mapped as four 16-bit words on the 
data memory port. A larger instruction word can be used in the 
same manner as in microcoded designs. It is convenient if the word 
width is a power of two, such as 64 or 128 bits, so that there are no 
gaps in the memory space as seen from the data flow side. 

The IDT49C402 is controlled by the A and B fields , I o-9, Cn , Stat 
Enable field and the Shift Gating field. The A and B fields provide 
the 6-bit addresses for the A and B register inputs on the 
IDT49C402. The I o-9, Cn and Stat En field provide the 10 control 
bits to the IDT49C402, the carry-in bit and a status register load en- 
able, respectively, and the Shift Gating field controls the shift-in/ 
shift-out gating for shift operations. The data source forthe Din pins 
of the IDT49C402 is selected by the Din field. This field can choose 
the data bus, the immediate data field or the PC as the data source. 

The data bus is controlled by the A and B fields as well, which 
provide 6-bit select codes for bus read and write operations, re- 
spectively, and by the bus read/write, memory write and load MAR 
bits. The default operation is to gate the data from the IDT49C402 
onto the data bus. The load MAR and memory write bits allow writ- 


ing this data into the memory and/or MAR from the bus. The bus 
read bit disables the IDT49C402 outputs and gates an I/O register 
onto the bus as determined by the 6-bit A field. The bus write bit 
causes bus data to be written into an I/O register selected by the B 
field. 

Branch operations are controlled by the Jump and A fields. The 
Jump field enables loading of the PC from the bus, which is the 
branch operation. The A field provides the 6-bit condition select 
code for conditional branch operations. 

The Misc Control field provides 14 bits for direct control of addi- 
tional devices. This field would typically be used for gates and 
strobes to additional devices such as parallel multipliers, FIFOs, 
disk controller chips and other devices which communicate with, 
and are controlled by, the RISC controller. 

IMPLEMENTING THE MINIMAL INSTRUCTION SET 

The RISC controller design must now be checked to ensure that 
it implements each instruction in the minimal instruction set. 

Load and Store 

Load and Store register operations are done in two instructions: 
load MAR and load or store register. The load MAR instruction 
places register data from the IDT49C402 or data from the immedi- 
ate data field on the bus and enables MAR load. The load register 
instruction gates memory data into the data inputs of the 
IDT49C402. The store register instruction gates register data onto 
the bus and writes it into memory. 

Move, Combine and Shift Register 

Register-to-register and shift operations are performed directly 
by the IDT49C402 bit-slice. 

Status Register Read/Write 

Read and Write Status register operations select the Status Reg- 
ister and bus read and write, respectively. 

Jump and Conditional Jump 

Jump operations are done by enabling the PC to be loaded from 
the bus using either immediate or register data for the jump ad- 
dress. Conditional Jump is done by enabling a conditions select 
multiplexer to conditionally enable the PC load. 
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Figure 5. Dual-Port Controller Memory Map 
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Jump and Save Return 

The Jump and Save Return operation is performed by using the 
immediate data field to provide the jump address and simultane- 
ously storing the PC in a register selected by the B field. The imme- 
diate data field is gated to the bus, the PC is gated to the I DT49C402 
data inputs and the IDT49C402 is instructed to perform a D-input- 
to-register-load operation. 


RISC CONTROLLER TIMING 

The design in Figure 4 is capable of a 55ns cycle time. Atiming 
diagram for a 55ns cycle time, assuming the 35ns dual-port RAMs, 
is shown in Figure 7. The critical timing path, in this case, is the data 
path from the Memory Address Register (MAR) through the data 
port of the memory into the IDT49C402. If the dual-port RAMs are 
slower than 35ns, the cycle is extended proportionately. 
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Figure 7. RISC Controller Timing Diagram 


Table 2. Critical Path Timing 


i CONTROL PATH 

| DATA PATH j 

PC settle: FCT161A 

6.5ns 

MAR settle: FCT161A 

6.5ns 

RAM Access 

35.0 

RAM Access 

35.0 

1 reg set-up: FCT374A 

2.5 

IDT49C402A, Din Set-up 

10.0 

Total 

44.0ns 

Total 

51.5ns 


RISC CONTROLLER APPLICATION 

The utility of the RISC controller design approach is that it allows 
interactive system development, debugging and diagnostic test- 
ing. It also provides the potential for high-level language support of 
the bit-slice design. Powerful interactive access to the RISC con- 
troller can be provided by an RS-232 interface and a FORTH lan- 
guage interpreter program. This allows interactive coding and test- 
ing of the system, speeding up the test-and-analyze debug cycles. 
This RS-232 interface can exist on a separate board external to the 
RISC controller, connected to the bus by a connector on the con- 
troller board. No additional hardware is required for access by the 
designer to the system and this access can allow direct activation 
and sensing of controller hardware, setting up timing loops for os- 
cilloscope checks and on-line development of routines. If a floppy 
disk controller is included in the external I/O board, the RISC con- 
troller can function as a stand-alone development system in the 
same fashion as other stand-alone FORTH systems. 


The RISC controller’s ability to load programs also means that 
diagnostics can be loaded from the initial load EPROM . The initial 
load EPROM can hold both the normal control program and various 
test programs. The controller can load diagnostic programs from 
the EPROM for board and system test without requiring permanent 
space for them in the control memory. This allows self-diagnostics 
at the hardware level with minimum cost impact on the hardware. 

SUMMARY 

The RISC controller uses high-speed dual-port RAMs to blend 
the features of a bit-slice controller with the capabilities of a RISC 
computer, allowing the microinstructions of the bit-slice approach 
to become the instructions of a computer. This design approach 
provides all the speed and architectural flexibility of microcoded 
bit-slice designs, while allowing the use of interactive debugging 
methods associated with microprocessors to shorten development 
time. 
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INTRODUCTION 

High-speed CMOS static RAMs are capable of very low-power 
operation in the standby mode when the chip is disabled. In a prop- 
erly designed circuit, the standby power may be a few microwatts, 
as compared with several hundred milliwatts when the RAM is op- 
erating. This low-power capability can be used by the designer to 
reduce system power and heat loading. It also makes these parts 
suitable for battery backed permanent storage applications. In 
these applications, power is kept on the RAM at all times to avoid 
the loss of data when power is removed from the part. This is done 
by using a battery to supply power to the RAM when system power 
is shut off. In these applications, low standby power drain is impor- 
tant in order to achieve long battery life with a reasonably sized bat- 
tery. In this application note, we study the operating and standby 
power modes of the CMOS static RAM, the methods for achieving 
low-power standby operation and some of the methods for imple- 
menting battery backup operation. 

CMOS RAM Power Consumption 

CMOS RAMs have five regions of operation with a different 
power consumption for each region. These regions are: dynamic 
operating, DC operating, TTL standby, CMOS standby and battery 
backup standby. In the dynamic operating region, the RAM is read- 
ing and writing at speeds up to its rated read/write cycle time. In the 
DC operating region, the RAM is enabled but not cycling: its ad- 
dress, data and control inputs do not change. In the TTL standby 
mode, the RAM is disabled with its various address, data and con- 


trol inputs at TTL levels, either static or cycling at the rated cycle 
time. In the CMOS standby region, the RAM is disabled and all in- 
puts are at CMOS levels (i.e., within 0.20 volts of ground or 
Vcc)-The battery backup standby region is similar to the CMOS 
standby region, but with a reduced power supply voltage of 2.0 or 
3.0 volts rather than the normal 5.0 volts. The five regions of opera- 
tion are shown in Figure 1. It shows a plot of Iqq versus operating 
region for an IDT7187L25, a 64Kx1 CMOS static RAM with a 25ns 
access time. The highest current, Icc2> occurs under dynamic op- 
erating conditions where the part is cycling at its access time, afre- 
quency equal to 1/t^. The device current decreases linearly with 
frequency to the static operating current, Icci • When the chip is 
disabled, current drops immediately to Isb . the TTL standby cur- 
rent, or below. Isb corresponds to the current drawn by the chip 
when it is disabled and with all inputs at TTL high or with all inputs 
changing at the rated cycle time. With the inputs at TTL high, each 
input circuit is in its linear threshold determining region and draw- 
ing supply current. The device current linearly decreases from 
ISB t0 Isbi as the various inputs are changed from TTL high levels 
to CMOS levels which are within 0.20 volts of Vcc or ground. Isbi is 
the full CMOS standby current for 5.0 voItVcc . There are two other 
CMOS standby cases, specified by Iccdr- icCDR corresponds to 
Isbi but is measured at two other power supply voltages, 2.0 and 
3.0 volts. The IccDRspecification is used in battery backup appli- 
cations to calculate the battery size required for a given battery life- 
time. The 2.0 or 3.0 volt power supply voltages correspond to those 
typically available from battery systems in battery backed applica- 
tions. 
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Figure 1. CMOS RAM Operating Regions 
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Components of Power Dissipation 

There are five major sources of power dissipation in CMOS 
RAMs: 

• The RAM array 

• The sense amplifiers 

• The input buffers 

• Dynamic switching 

• Diode leakage 


The dynamic current component of ICC2 is the result of tran- 
sient currents in the internal CMOS gates when they switch. These 
transient currents can be understood by examining the switching 
behavior of CMOS circuits. The basic building block of CMOS cir- 
cuits, including RAMs, is the CMOS logic gate. An example of a 
simple CMOS gate, an inverter, is shown in Figure 2. It consists of 
an N-channel device, Q1 , and a P channel device, Q2. If the input is 
high, Q1 will be on, Q2 will be off and the output will be low. If the 
input is low, Q2 will be on, Q1 will be off and the output will be high. 


The RAM array power is that required to power the RAM cells 
that hold the data. It is continuously drawn and is required to keep 
data stored in the RAM. The sense amplifier power is that required 
to read the data from the RAM array. It is drawn only when the chip 
is enabled. Each input to the RAM chip has a buffer which draws 
power when its input voltage is between 0.5 and 4.0 volts. In this 
region, the input buffer operates as a linear device, performing a 
logic threshold comparison. If the input is within 0.20 volts of Vcc 
or ground, the input buffer draws no power. Static RAMs draw addi- 
tional power if they are cycled continuously at high speed. The ad- 
ditional power required is the dynamic switching power. It rises 
linearly with the average frequency of read/write cycles. Diode 
leakage is the current drawn by reversed biased diodes on the 
chip, such as CMOS gates that are not switching. It is a small value 
at room temperature, but it is strongly temperature-dependent, 
doubling approximately every + 10°C. Because of its strong tem- 
perature dependence, it is usually the dominant component in 
CMOS standby power specifications, such as the Iccdr specifi- 
cation used in battery backed RAM calculations. Diode leakage 
and RAM array power are two unavoidable components of RAM 
power dissipation. 

Standard and Low-Power RAMS 

IDT RAM chips are divided into two types, standard power and 
low power. This is indicated by a letter suffix to the part number, S 
or L, respectively. These part types are power dissipation test se- 
lections from a single product, similar to speed grade selections. 
The low-power part is selected for low-power standby operation 
and fully specified for the battery backup mode. The standard- 
power part has relaxed power specifications in the form of higher 
limits on all I cc specifications, particularly the standby power 
modes, and it is not specified for battery backed operation. Be- 
cause of its relaxed power specifications, it is usually less expen- 
sive. The standard-power part is used where very low standby 
power is not required, such as applications where the part is con- 
tinuously enabled. 

Dynamic Operating Current- 1 CC 2 

The dynamic operating current specification applies when the 
RAM is cycling at its specified access time. In the case of the 
IDT7187L25, the access time is 25ns and the frequency at which 
!CC2 is measured is 1/25 = 40MHz. ICC2 consists of two compo- 
nents: the DC operating component, Icci , and a frequency de- 
pendent component equal to (ICC2 - ICCI ). In the case of the 
IDT7187L25,the ICC2 value is 100 milliamperes and the frequency 
dependent component is 100 -70 = 30 milliamperes. Note that, as 
the specified access time goes down, the specified dynamic oper- 
ating current goes up. This is because the dynamic operating cur- 
rent is measured at a frequency equal to the inverse of the access 
time. Fast access RAMs are measured at higher frequencies than 
slow ones and have higher frequency dependent current compo- 
nents. 


INPUT- 


V C c 

u . 


OUTPUT 


Figure 2. CMOS Inverter 


This CMOS gate draws momentary current only when it 
changes state. It draws no current when its input is at ground or 
VCC because one of the two transistors will be off, eliminating a di- 
rect path from VCC to ground. This is what makes CMOS an inher- 
ently low-power technology — it draws no static current. However, it 
does draw current momentarily when it changes state. When the 
input transitions from low-to-high or high-to-low, it will pass 
through the middle region where both Q1 and Q2 are on. During 
this transition time, current will flow through Q1 and Q2. Since the 
current flows only during the transition ti me, there is a fixed amount 
of charge transferred from Vcc to ground for each transition. This 
results in a frequency-dependent current consisting of the sum of 
all the charges transferred for all the gates on the chip times the fre- 
quency of the charge transfers— i.e., the frequency of cycling the 
RAM. 

Static Operating Current-1 cci 

The static current specification applies when the RAM is en- 
abled but with its various inputs not changing and held at a TTL 
high. In this condition, the RAM array, sense amplifiers and input 
buffers are all drawing current. For the case of the IDT7187L25, this 
is 70 milliamperes. 

TTL Standby Current- 1 sb 

The TTL standby current specification applies when the chip is 
disabled but its inputs are at TTL levels or changing at the rated 
cycle time. Since a TTL high represents the worst case condition, 
I SB is specified for the case of all inputs at TTL high. 

In the TTL standby mode, the RAM array and input buffers draw 
current, with the input buffers drawing the majority. The input buff- 
ers are CMOS circuits similarto the CMOS inverter shown in Figure 
2, but with the geometry of the transistors designed so that the input 
threshold is at a TTL-compatible threshold voltage of approxi- 
mately 1.40 volts. A diagram of the device current versus input volt- 
age for one input is shown in Figure 3. When the input is within 0.20 
volts of ground or Vcc, one of the two transistors is turned off and 
no current flows. Very little current flows even for the TTL low case 
of 0.50 volts input. However, for the TTL high case of 3.0 volts typi- 
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cal, both transistors will be on and approximately 1.50 milliam- 
peres, typical, will flow through them. 


Ice for 
One Input, 
HA 



0 1 2 3 4 5 

Input Voltage, Volts 

Figure 3. Ice vsV, N for One Input 


CMOS Standby Current- 1 sbi 

The CMOS standby current specification applies when the chip 
is disabled and all its inputs are static (i.e., nonchanging) at CMOS 
levels— within 0.20 volts of VCC or ground. In this state, only the 
RAM array and leakage currents are drawn. The RAM array current 
is relatively independent of temperature, while the diode leakage is 
strongly temperature dependent, rising dramatically with tempera- 


ture. At +25°C, the total current for an IDT7187L25 consists pri- 
marily of RAM array current, which may be 25jiA. However, at 
+ 70°C for commercial parts, the total current is specified at 
300pA and is mostly leakage current. This rises to 1500pA at 
+ 125°C for military parts. A plot of ISBl versus temperature is 
shown in Figure 4. 

Battery Backed CMOS Standby Current- 1 ccdr 

The battery backed CMOS standby current specification ap- 
plies when the chip is disabled and ail its inputs are at CMOS levels 
(i.e. within 0.20 volts of VCC or ground) and when Vcc is at a re- 
duced voltage of 2.0 or 3.0 volts. It is the same as ISBl except it is 
measured at Vcc voltages of 2.0 and 3.0 volts. In this state, only 
the RAM array and leakage currents are drawn. 

When V cc is reduced to 2.0 or 3.0 volts, the RAM is guaranteed 
to retain data stored at 5.0 volts, but may not function: i.e. it may or 
may not read or write reliably at these voltages. For this reason, the 
chip is kept disabled while Vcc is below 5.0 volts. When Vcc is 
restored to 5.0 volts, full functional operation is restored and the 
data will remain as it was before Vcc was reduced. 

DESIGN OF A HIGH-SPEED CMOS RAM MEMORY 
ARRAY 

CMOS RAMs are often used in memory arrays. Figure 5 shows a 
CMOS RAM array used as high-speed main memory for a 32-bit 
microprocessor. The high speed of the CMOS devices allows op- 
eration of the microprocessor at full speed without wait states. Fig- 
ure 6 shows an example of a design of such a memory array using 
techniques which allow high-speed operation at low power. 



-60 -35 -10 15 40 65 90 115 140 

Ambient Temperature, °C 
Figure 4. I SB1 and Iccdr vs Temperature 



Figure 5. CMOS RAM Array with 32-bit Microprocessor 
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ADDRESS 
19 BITS 


ARRAY 

ENABLE 


WRITE 

ENABLE 



The 512Kx32 memory array of Figure 5 consists of 256 RAM 
chips, each 64Kx1, arranged as an array of eight rows of 32 de- 
vices. The array is driven by CMOS devices capable of driving the 
RAM inputs to CMOS levels within 0.2 volts of Vcc or ground. An 
IDT74FCT1 38A 3-to-8 line decoder enables one row at a time. If the 
decoder is disabled, all RAM chips are disabled. The address and 
write enable inputs are driven by IDT74FCT244A non-inverting 
buffers and the data lines are buffered by a set of IDT74FCT245A 
transceivers. Four sets of IDT74FCT244A buffers are used for the 


address and write enable inputs, with each buffer driving 64 chips. 
This reduces the capacitive loading on each buffer to maintain 
high speed. One set of IDT74FCT245A transceivers is used since 
each one drives only eight RAM data inputs. 

CMOS RAM arrays draw significantly less power in standby 
mode if the RAM inputs are driven to CMOS levels. This is shown in 
Table 1 for the RAM array of Figure 6. In this table, the total current 
of the RAM array is shown for the case of TTL and CMOS drivers for 
the address and control lines. 


Dynamic Operating Power for TTL vs CMOS Drivers j 

Part 

Qty. 

Ice Usin S 

74F Bipolar 

I^Using 

FCTA CMOS 

Comments 

IDT7187L25 

32 

3200 

3200 

Enabled, | CC2 

IDT7187L25 

224 

10,080 

10,080 

Disabled, | SB 

244 

9 

810 

116 

74F244/74FCT244A 

245 

4 

440 

52 

74F245/74FCT245A 

138 

1 

20 

5 

74F138/74FCT138A 

Total 


14,550 mA 

13,453 mA 



Standby (non-operating) Power for TTL vs CMOS 

Part 

Qty. 

Ice Using 

74F Bipolar 

IccUsing 

FCTA CMOS 

Comments 

IDT7187L25 

256 

11,520 

77 

Disabled, Isb/ Isbi 

244 

9 

810 

116 

74F244/74FCT244A 

245 

4 

440 

52 

74F245/74FCT245A 

138 

1 

20 

2 

74F138/74FCT138A 

Total 


12,790 mA 

247 mA 



Table 1. CMOS RAM Array Power 
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The power savings from using CMOS drivers can be dramatic, 
as shown in Table 1 . The difference between the CMOS and bipo- 
lar current is only 7.6% in the dynamic case but, in the standby, 
non-operating case, the current differs by a factor of 51.8. The 
lower standby current with CMOS drivers occurs because the RAM 
inputs are kept at CMOS levels, putting them into the I sbi . CMOS 
standby region. Using CMOS drivers does not, however, put the 
unselected rows into the I sbi region during dynamic operation of 
the array. This is because the address and data inputs to the 
unselected RAM chips are changing rather than being held at 
static levels. Thus, Isb rnust be used instead of I sbi in these 
calculations. 

The dynamic and standby 1 cc specifications assume that the 
RAM is cycling at its rated cycle time. The cycle time of the RAM 
array will be longer than the rated cycle time of the RAM chips. This 
will reduce both the dynamic operating current of the enabled row 
and the standby power of the disabled rows. A conservative esti- 
mate of the current requirement reduction can be made by reduc- 
ing the current of the disabled rows by the ratio of the RAM chip 
rated cycle time to the RAM array cycle time. If the RAM chip cycle 
time is 25ns and the RAM array cycle time is 100ns, the current re- 
quired by the disabled rows will be (0.25*10,080 + 0.75*67) = 
2,570mA. The current savings will be (10,080-2,570) = 7,510mA. 
The RAM array operating current will therefore be (13,453 - 7,510) 
= 5,943mA, a reduction of 56%. 

RAM Array Speed Considerations 

CMOS RAM arrays can achieve low power while maintaining 
high speed. This is done by using the high speed of the CMOS 
RAM chips and taking care that speed is not lost in the surrounding 
logic. The primary problem in driving large RAM arrays is driving 
the capacitance of the address and data inputs. 


The speed of the array is a combination of the propagation delay 
of the RAM chips, the circuits driving them and the time delay 
caused by driving the capacitance of the array. The time delay 
caused by driving the capacitance depends on the design of the 
array. This delay is proportional to the capacitance being driven by 
each 1C output, with a typical design value of 3.0ns/100pF for FCT 
logic and 6.0ns/100pF for RAM outputs. This delay applies to ca- 
pacitance above the rated load capacitance for the device, which 
is 50pF for FCT devices and 30pF for the IDT7187 RAM. This delay 
applies for address and write enable drivers driving the RAM chip 
inputs and for each RAM chip driving other RAM outputs and its 
IDT74FCT245 input. In this design, the RAM chip input capaci- 
tance is 5.0pF/input, and the output capacitance is 7.0pF/output. 
Since the RAM data input and output pins are connected together, 
the total capacitance is (5.0 +7.0) = 12.0pF/RAM chip. Thus, each 
RAM output must drive seven RAM outputs, eight RAM inputs and 
one IDT74FCT245 input for a total of (7*7 + 8*5 + 5 = 5) = 94pF. 
The net capacitance used in the delay calculation is (94-30) = 
64pF and the corresponding delay is (6*64/100) = 3.84ns. 

If one set of drivers is used to drive all the devices, the capaci- 
tance can be high and the delay can be significant compared to the 
delay of the RAM chips. In high-speed designs, several drivers are 
used so that the capacitance seen by each driver is moderate and 
the speed delay is small. A comparison of the total propagation de- 
lay of a RAM array for various combinations of drivers is shown in 
Table 2. 

To design a RAM array for high speed, both the address and 
chip select paths must be considered. In Table 2, the propagation 
delay with capacitive loading is calculated for both paths and the 
larger of the two numbers is used to calculate the access time of the 
array as a whole. Note that the critical path changes from address 
to chip select as the capacitive loading of the address drivers is re- 
duced. 


Address and Chip Select Path Delays vs Capacitive Drive 

Delay Source 

256/Driver 

64/Driver 

32/Driver 

16/Driver | 

Cap 

Delay 

Cap 

Delay 

Cap 

Delay 

Cap 

Delay 

IDT74FCT244A 

- 

4.3 

8 

4.3 

16 

mam 

32 

4.3 

Addr Cap Delay * 

1280 

36.9 

320 

8.1 

160 

3.3 

80 

0.9 

IDT7187L25-tAA 

- 

25.0 

- 

25.0 

- 

25.0 

- 

25.0 

Addrs Path Delay 

- 

66.2 

- 

37.4 

- 

32.6 

- 

30.2 

IDT74FCT138A 

- 

5.8 

- 

5.8 

- 

5.8 

- 

5.8 

CS Cap Delay * 

160 

3.3 

160 

3.3 

160 

3.3 

80 

0.9 

IDT7187L25 - t A cs 

- 

25.0 

256 

25.0 

256 

25.0 

256 

25.0 

CS Path Delay 

- 

34.1 

- 

34.1 

- 

34.1 

- 

31.7 


* 3ns/100pF - 50pF 


| RAM Array Access Time vs Capacitive Drive 

Delay Source 

256/Driver 

64/Driver 

32/Driver 

16/Driver | 

Chips 

Delay 

Chips 

Delay 


Delay 

Chips 

Delay 

IDT74FCT244A 

2 

_ 

8 

- 

16 

- 

32 

- 

IDT7187L25 

256 


256 

_ 

256 

_ 

256 

_ 

IDT74FCT138A 

2 

_ 

2 

_ 

2 

- 

4 

- 

Path Delay 

- 

66.2 

- 

37.4 

- 

34.1 

- 

31.7 

IDT74FCT245A 

4 

4.6 

4 

4.6 

4 

4.6 

4 

4.6 

Out Cap Delay ** 

- 

3.8 

- 

3.8 

- 

3.8 

- 

3.8 

TOTAL 

264 

74.6 

270 

45.8 

278 

42.5 

296 

40.1 


** 6ns/100pF - 30pF 

Table 2. CMOS RAM Array Speed vs Drive 


14-78 






















































































































LOW-POWER AND BATTERY BACKUP OPERATION OF 
CMOS STATIC RAMS 


APPLICATION NOTE AN-10 


Using RAM Modules to Save PC Board Space 

RAM modules can be used to significantly reduce the printed 
circuit (PC) board area required for a RAM array. A RAM array using 
256 chips (of the IDT7187 type) will require approximately (0.4 *1.2 
*256) = 122.88 square inches of board space, assuming 24-pin, 
300 mil DIP devices with 0.1 inch spacing. RAM modules, such as 
the IDT7M624, use surface mounting to fit sixteen of the IDT7187 
RAM chips on a 2.0 x 0.9 inch DIP module. Sixteen of these mod- 
ules could directly replace the 256 RAM chips in the array. The PC 
board area using these modules would be (16*2.0*1.0) = 32 
square inches, assuming 0.1 inch spacing, a savings of approxi- 
mately a factor of four over mounting individual chips. 


ARRAY DESIGN FOR LOW POWER 

The RAM array design of Figure 6 can be redesigned for lower 
operating power by using CMOS RAM chips with input gating, 
such as the IDT7164, 8K x 8 RAM. An example of such a design is 
shown in Figure 7. Table 3 compares the characteristics of the low- 
power design in Figure 7 against the high-speed design in Figure 
6 . 

In parts with input gating, the input circuits are powered down 
when the chip is disabled. These parts have very low TTL standby 
lSB values because only the chip select inputs are on in the TTL 
standby case. In RAM array design, this means that the disabled 
rows have very low standby power when compared to RAMs with 
conventional inputs, as used in the design of Figure 6. 



Function 

High-Speed 

Design 

Low-Power 

Design 

Units 

Comments 

RAM Chip Type 

IDT7187 

IDT7164 



Chip Organization 

64Kx1 

8Kx8 



Speed: tAA 

42.5 

64.7 

ns 

32/driver 

Operating Power 

13,453 

853 

mA 


Standby Power 

247 

81 

mA 


Part Count 

278 

276 

ICs 

32/driver 

Battery Power, 3.0 V 

81.6 

30.5 

mA 

at +70°C 


Table 3. Comparison of High-Speed vs Low-Power Array Designs 
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The 51 2K x 32 memory array in the low-power design shown in 
Figure 7 consists of 256 RAM chips, each 8K x 8, arranged as an 
array of 64 rows of 8 devices. The array is driven by CMOS devices 
capable of driving the RAM inputs to CMOS levels, within 0.2 volts 
of Vcc or ground. Two IDT74FCT138A, 3-to-8 line decoders are 
used with the two RAM chip selects to enable only one row at a 
time. An IDT74FCT240A Inverter is used between one decoderand 
the RAM array to drive the positive active RAM chip enable. If either 
decoder is disabled, all RAM chips are disabled. The address and 
write enable inputs are driven by IDT74FCT244A non-inverting 
buffers and the data lines are buffered by a set of IDT74FCT245A 
transceivers. Four sets of IDT74FCT244A buffers are used for the 
address and write enable inputs, with each buffer driving 64 chips. 
This reduces the capacitive loading on each buffer in order to 
maintain high speed. Two sets of IDT74FCT245A transceivers are 
used to reduce the loading on the RAM output pins so that each 
RAM drives only 32 outputs. 

The CMOS RAM array in Figure 7 draws significantly less power 
than the design in Figure 6, as is shown in Table 4. The primary 
reasons for this reduction are that the rows that are disabled draw 
very little power due to their gated inputs and only four RAMs in a 
row are enabled at any onetime rather than 32. The result is that the 
dynamic power is reduced by a factor of 15.7 and the standby 
power is reduced by a factor of 3.0. Note that I SBl is used in calcu- 
lating the power of the disabled rows. This is because there is no 
dynamic standby effect with input gated RAMs since the input buff- 
ers are turned off. Also, since the chip enables are driven to CMOS 


levels by CMOS devices, there is no TTL standby current drawn by 
the chip select inputs. 

Low-Power RAM Array Speed Considerations 

RAM array speed considerations for the low-power design in 
Figure 7 are similar to those of the design in Figure 6. The delay for 
the address and chip select paths are calculated and the larger of 
the two numbers is used in calculating the total delay. The total de- 
lay for various combinations of driver loading is shown in Table 5. 

RAMs with gated inputs (i.e., input buffers powered up by chip 
select) trade speed for low power. Gating the inputs with the chip 
select means that the chip select access time is equal to, or longer 
than, the address access time. This means that the chip select de- 
code propagation delay is no longer hidden by a fast chip select 
access time. As a result, the chip select path is usually the critical 
path in gated input designs. 

The design in Figure 7 is somewhat slower than the design in 
Figure 6 because x8 RAMs rather than xl RAMs are used. In the 
minimum chip count configuration, each RAM output in Figure 6 
drives seven other RAM outputs, plus an IDT74FCT245A input. In 
the minimum chip count design in Figure 7, each RAM output 
drives 63 other RAM outputs, plus an IDT74FCT245A input. This is 
the source of another tradeoff of speed versus chip count in the 
RAM output path. The output drive problem is helped by the fact 
that the IDT7164 RAMs are common I/O devices with a capaci- 
tance of 7.0pF per I/O pin, rather than the combined capacitance of 
1 2.0pF for the I DT71 87 design which ties the input and output pins 
together. 


Dynamic Operating Power for Low-Power RAM Array 

Part 

Qty. 

Icc Using 
FCT CMOS 

Comments 

IDT7164L30 

4 

560 

Enabled, | cc2 

IDT7164L30 

252 

50 

Disabled, | SB i 

IDT74FCT244A 

8 

103 


IDT74FCT245A 

8 

103 


IDT74FCT138A 

2 

11 


ID774FCT240A 

2 

26 


Total 


853mA 

13,453mA for Fig. 6. 


Standby Power for Low-Power RAM Array 

Part 

Qty. 

Icc Using 
FCT CMOS 

Comments 

IDT7164L30 

256 

51 

Disabled, | SB1 

IDT74FCT244A 

8 

12 


IDT74FCT245A 

8 

12 


IDT74FCT138A 

2 

3 


IDT74FCT240A 

2 

3 


Total 


81mA 

247mA for Figure 6 


Table 4. CMOS RAM Array Power 
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1 Address and Chip Select Path Delays vs Capacitive Drive 

Delay Source 

256/Driver 

64/Drlver 

32/Driver 

16/Drlver j 

Cap 

Delay 

Cap 

Delay 

EM 

Delay 

Cap 

Delay | 

IDT74FCT244A 

- 

■a 

8 

mm 

16 

mm 

32 

■a 

Addr Cap Delay * 

1280 

36.9 

320 

8.1 

160 

3.3 

80 

0.9 

IDT7164L30 -tAA 

- 

30.0 

- 

30 

- 

30 

- 

30 

Addrs Path Delay 

- 

71.2 

- 

42.4 

- 

37.6 

- 

35.2 

IDT74FCT138A 

- 

5.8 

- 

5.8 

- 

5.8 

- 

5.8 

IDT74FCT244A 

- 

mm 

- 

mm 

- 

■a 

- 

■Eli 

C3 Cap Delay * 

160 

3.3 

160 

3.3 

160 

3.3 

80 

0.9 

IDT7164L30 - t A cs 

- 

35.0 

256 

35.0 

256 

35.0 

256 

35.0 

C5 Path Delay 

- 

48.4 

- 

48.4 

- 

48.4 

- 

46.0 


* 3ns/100pF - 50pF 


RAM Array Access Time vs Capacitive Drive 

Delay Source 

256/Drlver 

64/Driver 

32/Driver 

16/Driver | 

Chips 

Delay 

Chips 

Delay 


Delay 

Chips 

Delay 

IDT74FCT244A 

2 

- 

8 

- 

8 

- 

8 

- 

IDT7164L30 

256 

- 

256 

- 

256 

- 

256 

- 

IDT74FCT138A 

2 

- 

2 

- 

2 

- 

4 

- 

IDT74FCT240A 

2 

- 

2 

- 

2 

- 

3 

- 

Path Delay 

- 

71.2 

- 

48.4 

- 

48.4 

- 

46.0 

IDT74FCT245A 

4 

mm 

4 

4.6 

8 

mm 

16 

mm 

Out Cap Delay ** 

- 

25.1 

- 

25.1 

- 

11.7 

- 

m 

TOTAL 

266 

100.9 

272 

78.1 

276 

64.7 

287 

55.5 


**6ns/100pF-30pF 


Table 5. CMOS RAM Array Speed vs Drive 


BATTERY BACKUP OPERATION OF CMOS RAMS 

Because of their low standby power, CMOS FlAMs are often 
used as permanent memory where a battery is used to maintain 
data in the FIAM by supplying power when the system power is off. 
These are called battery backup applications. In battery backup 
applications, the battery supplies a lower voltage -2.0 to 3.0 volts 
versus the 5.0 volts of normal operation. This lower voltage allows 
use of a smaller battery, both because of the lower voltage for the 
same ampere-hour rating and because the RAM draws less current 
at the lower voltage. 

The design of a battery backed RAM array includes considera- 
tion of the following problems: 

• Driving the RAM inputs to CMOS levels during battery 
operation 

• Determining the power drain in battery backup mode 

• Switching from the system supply to/from the battery sup- 
ply while maintaining Vcc at the RAM 


Driving the RAM Inputs to CMOS Levels During 
Battery Operation 

In order to achieve the low power levels specified for battery 
backup operation, the RAM inputs must be driven to CMOS levels. 
In the array design of Figure 6, this is done by driving the RAM 
chips with FCT CMOS drivers for the 5.0 volt Vcc case. These lev- 
els must also be guaranteed for the 3.0 volt Vcc, battery backed 
case. In the case of the FCT CMOS devices, the output drive is also 
specified to be at CMOS levels for the 3.0 volt Vcc case. 

The RAM array drivers must be able to maintain CMOS output 
levels with 3.0 volt Vcc and maximum leakage from the RAM in- 
puts and/or outputs. CMOS FCT drivers are used for the address, 
write enable, chip select and data inputs of the design in Figure 6. 
The worst case leakage will be for 64 address inputs being driven 
by a single driver. The maximum specified leakage for any input of 
the IDT7187L25 RAM chips is 2.0 microamperes at 3.0 volts Vcc 
over the temperature range. The maximum total leakage for 64 in- 
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puts will then be 128 microamperes. The IDT74FCT244A drivers 
are rated at an lOLof 300)iAand an Ioh of 32|iA at 3.0 volts Vcc. 
If the address drivers are kept in the low state, the 300pA I ol speci- 
fication is more than enough to keep the outputs at a CMOS low 
level. 

Additional drivers are required to keep the write enable and chip 
select inputs in the CMOS high state. The write enable drivers can 
be kept in the low state if the RAM chips are kept disabled; how- 
ever, it would be more prudent to keep them in the high state to en- 
sure that no write can possibly occur. This requires more drivers 
for these lines than the address lines. Witha32jjA I oh specifica- 
tion, each CMOS FCT part can drive a maximum of 16 inputs. 
Since each IDT74FCT244A supplies eight drivers, this would 
mean two chips instead of one for the write enable input. Two 


IDT74FCT138A decoders will also be required in order to have 
each decoder output drive only 16 RAM enable inputs. A drawing 
of the RAM array with this implementation is shown in Figure 8. 

The FCT CMOS drivers will keep the RAM inputs at CMOS lev- 
els during battery backup mode; however, the inputs to the FCT 
devices must also be kept at CMOS levels during this mode. If the 
rest of the system which communicates with the RAM array is pow- 
ered down, these inputs should be at or near zero volts, which 
solves this problem. To ensure this case, a resistor to ground 
should be added to the input of each FCT CMOS device to provide 
a path for the input leakage of these devices. A 10K resistor will 
support the input leakage often FCT devices at 2jxA per device and 
a VOL of 0.20 volts. 
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Determining the Current Drain in Battery Backup 
Mode 

The RAM array standby current in battery backup can be calcu- 
lated by adding the current required for the RAM chips and the cur- 


rent forthe array drivers. A calculation of the current required forthe 
RAM array of Figure 6 in the battery backup mode, including the 
additional drivers for write enable and chip select, is shown in 
Table 6. 


Battery Backed Standby Current at 3.0 Volts 

Part 

Qty. 

Typ., +25°C 

Max., +70°C 

Max., + 125°C 

IDT7187L25 

256 

3.84 

57.6 

230.4 

IDT74FCT244A 

10 

0.010 

15.0* 

15.0 

IDT74FCT245A 

4 

0.004 

6.0* 

6.0 

IDT74FCT138A 

2 

0.002 

3.0* 

3.0 

Total 

272 

3.9mA 

81.6mA 

254.4mA 


* Max. for commercially rated parts. Military rated parts will have lower values at +70°C. 


Table 6. High-Speed CMOS RAM array Battery Standby Current 


Battery Backed Operation of the Low-Power RAM 
Array Design 

The low-power RAM array design in Figure 7 is well suited to 
battery backed operation. Because of the gated input design of the 
RAM chips, only the chip select inputs of the RAM need be driven 
to CMOS levels. This means increasing the number of decoders for 
the low active chip select from two to three so that each decoder 
drives a maximum of 16 inputs to Vih . The non-inverting chip se- 
lect input is not a problem because the IDTFCT240A driver will eas- 


ily drive its 32 inputs to Vil. Only the RAM chips, the IDTFCT138A 
decoders and the IDTFCT240A drivers need be powered by the 
battery. 

The RAM array standby current in battery backup can be calcu- 
lated by adding the current required for the RAM chips and the cur- 
rent for the array drivers. A calculation of the current required forthe 
RAM array in Figure 7 in the battery backup mode, including the 
additional chip select decoders, is shown in Table 7. 


Battery Backed Standby Current at 3.0 Volts 

Part 

Qty. 

Typ., +25°C 

Max., +70°C 

Max., +125°C 

IDT7164L30 

256 

3.84 

23.0 

76.8 

IDT74FCT138A 

3 

0.003 

4.5* 

4.5 

IDT74FCT240A 

2 

0.002 

3.0* 

3.0 

Total 


3.9mA 

30.5mA 

84.3mA 


* Max. for commercially rated parts. Military rated parts will have lower values at +70°C. 


Table 7. Low-Power CMOS RAM Array Battery Standby Current 


Switching Between System V cc and the Battery 

In a battery backup system, Vcc forthe RAM array must switch 
between the battery and the system Vcc without causing the RAM 
to lose data in the battery backup mode and allowing the RAM to 
achieve full speed in the normal operation mode. This requires a 
switch design for Vcc. Also, the RAM array must be disabled dur- 
ing the battery backup mode and during switching between the 
battery and normal Vcc. This is done by using a power-down de- 
tect signal from the power supply which forces the RAM to be dis- 
abled. 

When switching from the system to the battery, Vcc must be 
kept above the 2.0 volt minimum guaranteed data maintenance 
voltage at all times. When switching from the battery to the system, 
Vcc at the part must be within the Vcc specifications for nomal 
operation, (i.e., 4.5 volts minimum). These two requirements can 


be met by the circuit shown in Figure 9. In this circuit, the silicon 
diodes perform a smooth transfer of power from the system Vcc to 
the battery backed Vcc and vice-versa. The diode to Vcc is not 
strictly required because of the FET switch; however, it can reduce 
the switching transient when the FET turns on by reducing the volt- 
age that must be switched, assuming that V cc comes up slowly 
before the FET turns on. 

The P-channe! power FET is used to reduce the drop across the 
diode to 0.10 volt during normal operation so that the RAM array 
Vcc is kept within specifications. The IDT74FCT240A inverting 
driver is used to drive the gate of the P-channel power FET. When 
the power down signal is high, indicating normal system operation, 
the IDT74FCT240A output is low and the P-channel FET is on. 
When the power down signal is low, indicating that the power 
is going down or is already down, the IDT74FCT240A drives the 
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P-channel FET gate high to turn it off. When the battery is supply- 
ing the Vfcc. the FET gate will be driven to the most positive voltage 
on either of its two terminals, ensuring that it will be off. Note that 
the circuit of Figure 1 is atypical exampleonly— actual designs will 


differ depending on system requirements. For example, a PNP 
transistor or an N-channel FET with a gate drive to + 12 volts could 
be used instead of the P-channel FET. 


SYSTEM Vcc 


P-CHANNEL 



l 


SILICON 

DIODES 

1N5400, 

ETC. 


BATTERY 
LITHIUM OR 
N1CAD 
3.6 VOLTS 


V C C TO RAM ARRAY 
Figure 9. Battery Power Switch Circuit 


CONCLUSION 

CMOS RAMs have the capability of high speed and low power. 
In this application note, some of the possibilities for using these ca- 
pabilities have been explored in the hope that the designer may 
use them to good advantage in new designs. 
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INTRODUCTION 

Microprogram architectures are capable of meeting many of 
today’s system design requirements. Nevertheless, trade-offs exist 
between performance and cost in terms of power consumption 
and the total number of parts needed to satisfy design functional ity. 
For a given device family, cost considerations are directly related 
to the speed/power ratio. In recent years, advancements in 
speed/power performance for bipolar bit-slice technologies have 
slowed considerably while, at the same time, very high-speed 
CMOS has directly impacted the bit-slice world, offering greater 
functional speed and an Increased level of integration. 

Currently, packing density and the ultimate speed of performing 
a function in integrated circuits is limited by the heat dissipation 
capabilities of the chip package. Since CMOS has a speed/power 
ratio almost an order of magnitude higher than conventional 
bipolar device families, it is rapidly becoming the technology of 
choice for new bit-slice functions. Denser device packing at higher 
speeds gives CMOS technology more freedom for creating new 
high-performance architecture. 

Historical Perspective 

The most traditional bit-slice microprocessor architecture for 
the data path portion of the machine is the 2901 architecture, 
developed in the mid-seventies. A simplified diagram is shown in 
Figure 1. Here we see a tightly coupled RAM and ALU architecture 
which contains single input and output data paths. The 2901 is a 
4-bit microprocessor slice that features 16 words of internal 4-bit 
wide RAM and an eight-function ALU capable of performing both 
arithmetic and logic operations on two operands. The ALU output 
can be loaded into the RAM, shifted up, shifted down or unshifted. 
Also Included is an additional temporary register normally called 
the “Q Register”. It is capable of performing double-length shift 
operations and facilitating multiplication and division. The 2901 
has become the industry standard for bit-slice microprocessor 
architectures. 


D 



Figure 1. 2901 Architecture 


An upgraded architecture, the 2903, was introduced in 1 978 and 
is shown in Figure 2. The 2903 features a three-bus architecture for 
the data paths. Like the 2901, this slice containsa 16-word-by-4-bit 
dual-port RAM connected to an ALU which performs arithmetic 
and logic operations. This architecture, however, has the added 
capability of bringing external operands to the ALU via the DA and 
DB buses. The ALU can perform 16 different arithmetic and logic 
operations in all. Its output can be written shifted up or unshifted to 
either the RAM or the Y outputs. The 2903 architecture also 
incorporates several special functions which facilitate multiply, 
divide and sign magnitude to two’s complement conversion. A 
special version of this architecture, known as the 29203, features 
both BCD and binary arithmetic capability. In addition, the DA, DB 
and Y buses are all bi-directional. Both the 2903 and 29203 also 
contain the internal Q Register used to perform double-length 
operations. 



Y 

Figure 2. 2903/203 Architecture 

A third architecture of historical importance is the 
29116/29117. This architecture, shown in Figure 3, features a 
32-word 16-bit single-port RAM, a 16-bit accumulator and a 16-bit 
D input latch. These three possible operand sources are 
connected to the ALU through a multiplexer. One path into the ALU 
contains a barrel shifter capable of rotating the 16-bit operand. The 
ALU can perform various combinations of operations on one ortwo 
operands. The three operand instructions are primarily rotate- 
and-merge or rotate-and-compare. The ALU output is fed back to 
both the RAM and the accumulator. In the 29116, the Y output is 
internally connected to the D input, forming a 16-bit bidirectional 
data bus. In the 291 17, they remain separate and there is a 1 6-bit D 
input and a 1 6-bit Y output bus similar to the structure of the 2901 . 
The 29116 contains an internal status register for the carry, 
overflow, sign and zero flags. Microinstruction to the 29116 is an 
encoded field instruction set. 


CEMOS and MICROSLICE are trademarks of integrated Device Technology, Inc. 


© 1987 Integrated Device Technology, Inc. 
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Figure 3. 29116/7 Architecture 


New Technology for Bit-Slice 

Integrated Device Technology’s CEMOS™ technology offers 
greater speed and output drive at lower power levels. It was only 
natural to incorporate this technology into new bit-slice designs, 
thus offering improvements over the traditional “industry stan- 
dards." 

The IDT39C01 is totally pin-compatible and functionally identi- 
cal to the 2901 . The “C” grade version is equal to the fastest bipolar 
4-bit slice and, in addition, IDT offers a “D” grade slice which is 
25% faster than its “C” speed grade. Recently, IDT introduced an 
“E” grade which is 25% faster than the “D" grade. 

The IDT39C03 and IDT39C203 are pin-compatible and func- 
tionally identical to the 2903 and 29203, respectively. IDT39C03 
“B” grade and IDT39C203 “A” grade slices are also available. 
Again, these devices are about 25% faster and offer considerably 
higher output drive at lower operating power than their equivalent 
bipolar counterparts. 

New and More Powerful Bit-Slice Devices 

The order of magnitude difference in speed/power ratios be- 
tween CMOS and bipolar technologies is leading to ever-increas- 
ing levels of CMOS integration. IDT has designed a new bit-slice 
family (the IDT49C000) which executes standard AMD 2900 
microcode, but at greater than four times the circuit density. The 
key devices in this family are the IDT49C410, IDT49C402, 
IDT49C403 and IDT49C404. In general, these parts have wider 
data paths, more internal paths, larger RAM and support higher 
clock rates than their bipolar predecessors. 

The IDT49C410 is architecture and function code-compatible 
with the 291 0A and features an extended 1 6-bit address path which 
allows for programs up to 64K words in length. It is a microprogram 
address sequencer intended for controlling the execution se- 
quence of microinstruction stored in microprogram memory. 
Thus, the IDT49C410 can be used at the heart of next generation 
designs to orchestrate the operation of other parts in IDT’s 
MICROSLICE™ family of bit-slice devices. 

The IDT49C402 and IDT49C403 are very-high-speed, fully 
cascadable 16-bit CMOS microprocessor slice units. The 
IDT49C402 performs the standard functions of four 2901s and a 
2092 with a 2-bus architecture: one bus into the ALU and one bus 


out of the ALU. The IDT49C403, incorporating a three-bus architec- 
ture, combines the standard functions of four 2903s and a 2902. 
Both parts have additional control features aimed at enhancing the 
performance of traditional bit-slice microprocessor designs. 
Conservation of Microcode 

IDT has minimized bit-slice redesign cost in the CMOS-to-bipo- 
lar transition through “conservation of microcode”. This is 
achieved by taking full advantage of CMOS integration capabilities 
while utilizing pre-existent 2900 family instruction sets. 

The IDT49C410 sequencer is capable of executing old 
microcode with no alterations. The IDT49C402 and IDT49C403 
ALUs can resolve compatibility issues at several levels. The sim- 
plest solution involves connecting only the instruction lines which 
correspond to the 2901 or the 2903/203, respectively, and tying the 
remaining inputs to their respective default levels. This permits the 
design to execute previously assembled microcode. 

In some design instances, it may be advantageous to utilize 
some of the new features of the IDT ALUs— deeper register files or 
new data paths, for example. This involves changing microcode to 
control the additional instruction lines and can be achieved by 
modifying the assembler and reassembling the old microcode. 

The design of new high-performance products may require writ- 
ing new, more robust microcode. This should come as no surprise 
when considering the architectural complexity of modem state-of- 
the-art designs. A good example is the next generation of 32-bit 
processors capable of working on bit fields. 

32-Bit Microprocessor Slice 

Perhaps the best known architecture in the 32-bit microproces- 
sor slice arena is the 29300 family of devices, illustrated in Figure 4. 
It is a non-cascadable architecture which involves multiple chips. 
This family contains an ALU and a RAM register, but multiple RAM 
register devices must be used to build a 32-bit microprocessor 
slice. This approach is most likely due to the relatively high power 
consumption inherent to bipolartechnology. It is interesting to note 
that there are three tightly coupled buses (DA, DB and Y) with the 
ALU and, since the design uses multiple chips, we see a four-port 
RAM and a three-port ALU. 


D 



Y 


Figure 4. 29300 ALU & RAM Family Architecture 
(2 x 16-Bit RAMs Plus ALU) 
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The IDT49C404 Enhances 32-Bit Architecture 

The IDT49C404 microprocessor architecture exploits advanced 
CMOS technology to implement maximum functionality on a 
single chip. Figure 5 is a simplified block diagram of this slice. The 
IDT49C404 features a powerful seven-port 64-word-by-32-bit 
register file containing four output ports and three input ports under 
the control of four 6-bit address fields. The lower half of the block 
diagram shows the FS/ALU/ML portion of the IDT49C404 for 
manipulating 32-bit data. Figure 5 also shows a 32-bit Funnel 
Shifter which is capable of driving the multi-function 32-bit ALU 
whose output can be merged with another operand under the 
control of a merge mask. This is called Merge Logic. In this case, 
the ALU can perform operations on bit fields In 32-bit words. 
Applications are far-reaching and include graphics, commu- 
nications, field searching, packed data operations, etc. 



Figures. The IDT49C404A 
32-Bit Cascadable RAM and ALU Sllco 

Detailed Description of the IDT49C404 

The IDT49C404 is shown in more detail in Figure 6. This device 
is an expandable microprogrammable 32-bit microprocessor slice 
fabricated using advanced high-speed, low-power CMOS 
technology. This monolithic three-port (DA, DB and Y) slice 
contains a seven-port 64-word-by-32-bit RAM, 32-bit cascadable 
Funnel Shifter, 32-bit wide ALU, 32-bit wide Merge Logic block and 
a 32-bit mask generator. The IDT49C404 is capable of 32-bit 
counting for matrix operations as well as byte, word and 
double-word operations. This architecture and its instruction set 
are optimized for use in microprogrammable microprocessors, 
high-speed communications, graphics and disk controllers and 
digital signal processing algorithms. It also provides advanced 
internal diagnostics capabilities for detecting and locating hard- 
ware system failures. The versatility of these capabilities allows test 
and error detection during engineering development, in the 
manufacturing cycle or at the customer facility after delivery of the 
part. 

The 64-word-by-32-bit working RAM has seven ports: three 
dedicated input ports (A-IN, B-IN and T-IN) and four dedicated 
output ports (A-OUT, B-OUT, T-OUT and Q-OUT). Each port 
output is latched. Any four RAM locations can be accessed at the 
address ports by using the A, B, T and Q address fields. Data can 
be read simultaneously from all four ports and each will contain 


identical data when the same address is applied to all of the four 
address inputs. As in atl other bit-slice microprocessor devices, the 
internal latches are transparent at the output ports during a high 
clock signal. Data is held in the latches when the clock signal is 
low. As Figure 6 indicates, each data input path has a multiplexer 
which selects data from either the ALU/Y bus, the DA/DB bus or, in 
the case of the T input, the internal counter. 

The Funnel Shifter is a powerful 32-bit shift unit which operates 
on two 32-bit inputs and generates a 32-bit output. It is capable of 
implementing all basic 32-bit barrel shift functions including shift 
up, shift down, rotate up and rotate down in any number of 
positions. Sixty-four-bit operations are performed by cascading 
devices. This high-speed shifting is particularly useful in 
operations such as mantissa normalization for floating-point 
arithmetic or in schemes which involve frequent packing and 
unpacking of data. The Funnel Shifter can also be used to extract 
32-bit output from a sliding window applied to 64-bit input. Control 
can be supplied from a number of sources and can be either a 
32-bit word or an encoded 7-bit start position and 7-bit shift select 
function. A positive start position moves the sliding window 
towards the least significant bit. Conversely, a negative start 
position moves the window towards the most significant bit. In 
addition, the Funnel Shifter can perform various types of sign 
extension and 0, 1 or M-link fills as required by the user. 

The eight-function ALU has three arithmetic, four logic and one 
special opcode function. Arithmetic functions are R + S, R - S and 
S - R. The logic functions are OR, AND, exclusive-OR and 
exclusive-NOR. The eighth function places the IDT49C404 in a 
special opcode mode. These special instructions might Include 
unsigned and two’s complement conversion. The device is 
capable of performing two’s complement multiply or divide on 
either 32-bit or 64-bit operands. 

A 32-bit Merge Logic block Is under the control of the 32-bit 
mask generator. Normally, the merge operation involves selecting 
bits from either the V or W operand and presenting a final 32-bit 
word to the Y bus (see Figure 6). The 32-bit mask is generated by 
the mask generator which is controlled by a 2-bit mask select field. 
Mask selection may occur in several different fashions in 
conjunction with the various RAM outputs and the start position 
and width input fields. The W operand can be selected from a 
number of different sources including all ones and zeros. The 
Merge Logic block also features a priority encoder conceptually 
similar to the 29116. It is valuable in floating-point operations, as 
well as various types of polled interrupt systems. 

Diagnostic Capability 

The IDT49C404 employs a diagnostic scheme involving data 
entry and extraction through serial input and output pins. This 
approach allows diagnostic evaluation at any stage of the 
development, manufacture and utilization cycle. In general, 
access to test debug points has become more and more difficult 
because board level packing densities have increased dramati- 
cally. For this reason, customers will find serial diagnostics to be of 
significant benefit. This is especially true in double-sided surface 
mount technologies. 

IDT’s method of employing serial diagnostics maintains 
maximum flexibility while using a minimum number of pins. The 
data is passed in and out on single pins, while transfer is controlled 
by a diagnostics clock and a command/data mode input. Thus, 
only four pins are required. Systems level diagnostics involves the 
serial connection of output and input of adjacent devices. In effect, 
this cascades devices into one long serial shift register. The 
diagnostics clock and command/data mode lines for the devices 
are connected in parallel. This approach minimizes the number of 
device connections required for diagnostics. 
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Figure 6. Detailed Block Diagram of the IDT49C404 
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Serial diagnostics capability allows data to be read from, or block are brought out separately to achieve an orthogonal 
inserted to, the seven-port register file. Additionally, various input instruction set. This allows the highest degree of performance and 

pins and output pins can be observed and some break-point flexibility. The unencoded control lines are especially useful to 

capability is implemented. Figure 7 lists all of the instruction fields designers of RISC-type architectures, 

and their associated opcodes. The control lines of each functional 

49C404 Instruction Fields 
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APPLICATIONS: 

Floating-Point Math Accelerator 

Modem work stations often use a processor such as the 68020 
or 80386 as the main CPU. In many cases, the processing 
capability of the CPU is extended with the use of a floating-point 
math accelerator. If the floating-point processor is isolated from the 
main CPU through the use of a dual-port RAM, higher overall 
system per- formance can be achieved because the accelerator 
can process in parallel to the main CPU. 


Consider a graphics application. Conceivably, the dual-port 
RAM could contain a link list of data elements containing 
three-dimensional point values and transformation instructions 
which are composed of 4x4 matrices. The floating-point processor 
could be capable of traversing the link list and multiplying each 
point with the transformation matrices. This approach could be 
used to rotate three-dimensional objects, transform them into 
two-dimensional surfaces and perform clipping algorithms forfinal 
display on a graphics terminal. Figure 8 compares a possible 
display representation and how it might be stored in memory 
internally. 


THE USER’S VIEW 



THE PROCESSOR’S VIEW 
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The floating-point math accelerator consists of a dual-port RAM, 
a controller and floating-point ALU and a multiplier. A block of 
dual-port RAMs serves as the interface between the global system 
bus and the local system bus used by the floating-point processor. 
The control section generates sequences of instructions for a 
floating-point ALU, as well as address generator indexing into the 
dual-port. The performance of the accelerator depends on the 
speed at which the controller can generate instructions and on the 
bandwidth of the ALU. 


The MICROSLICE family contains a number of well-suited 
control devices. As shown In Figure 9, the control section of a 
floating-point accelerator can be composed on an IDT49C410that 
generates addresses to the writable control store of an IDT71681 
which, in turn, produces an instruction to be held in a pipeline 
register. The contents of the pipeline register are the current 
instructions being executed. Control lines can be fanned out to 
instruction lines and control inputs of every device in the 
accelerator subsystem. 



GLOBAL SYSTEM BUS 


Figure 9. Floating-Point Math Accelerator Using the MICROSLICE Family 
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Most designers think of the IDT49C402 (and others in its class) 
only as an ALU with register files for data paths. However, it can be 
used for a larger variety of tasks. In the accelerator example, it is 
used as an address generator. Data for a 4x4 matrix can be stored 
in the dual-port memory as a sequential list of 16 values. Any 
element can be located by adding the address pointer to the start of 
the matrix, the row offset and the column offset. To multiply a matrix 
by a vector, a column of matrix elements is individually multiplied 
by the corresponding vector values and the four products are 
added together. One way to efficiently generate addresses with the 
IDT49C402 is to store the matrix address pointer and vector in the 
register file. To begin, the address pointer of the matrix can be 
added to a constant corresponding to the column to be operated 
on. This operation can be completed in a single cycle by bringing 
the constant from the pipeline register through the D bus, 
addressing the pointer with the A address and storing the result in a 
location specified by the B address. In the same cycle, the new 
address could be output from the ALU through the Y port and 
placed in the MAR register. In this way, the MAR register would 
supply the dual-port RAM address on the next cycle, forming a 
pipeline mode of operation. On the next three cycles, the new 
address in the register file could be incremented and the 
respective calculated addresses passed to the MAR. 
Consequently, it would require only four cycles to generate four 
addresses that correspond to four values in the matrix column. In 
addition, this entire process can be performed while the 
computation unit attends to other tasks. With proper design, 
addresses can be fed into the dual-port RAM and values can be 
read into the computation unit on every clock cycle. With the 
IDT49C402A, the minimum time from register file address to the Y 
output is only 37ns. This is one of the fastest ways to generate a 
complex 16-bit address. 

The IDT49C402 can also be used to keep track of linked lists of 
complex data structures. The register file is capable of retaining 
pointers of various lists, as well as intermediate pointers. The 
accelerator described previously requires a pointerto the head of a 
list of XYZW values, an intermediate pointer to the current XYZW 
value and a pointer to the transformation matrix. 

The computation portion of the accelerator is composed of 
floating-point devices and local storage elements. The most 
efficient way to multiply a series of vectors by a transformation 
matrix is to begin by fetching the matrix from the dual-port RAM into 
local memory connected to the floating-point chips. The register 
file of the IDT49C404 can be used to hold the matrix variables, as 
well as intermediate results. This poses no problem since the 
IDT49C404 has 64 registers— enough room to store the 4x4 matrix 


and any temporary variables. The 32-bit ALU portion of the chip 
can then be used to perform fixed-point arithmetic and logic 
functions. 

The IDT49C404’s three-bus architecture allows both output 
ports of the register file to come off-chip and drive inputs to the 
floating-point devices. Thus, two operands can come from the 
IDT49C404 and one from the dual-port RAM addressed by the 
IDT49C402 on each clock cycle. The Y bus can be used to put the 
results of the floating-point multiplier or ALU back into the register 
file. 

Once the transformation matrix is stored in the IDT49C404 
registers, consecutive XYZW point values can be brought in from 
the dual-port RAM. Consequently, values from the XYZW vector 
and transformation matrix can be delivered to the IDT721265 
multiplier on every cycle. 

Graphics Accelerator Example 

Figure 10 shows the block diagram for a graphics accelerator. 
Once again, this scheme uses a dual-port RAM as the commu- 
nication device between the main processor and the accelerator. 
The accelerator is composed of two blocks: a control unit 
containing the IDT49C410 sequencer and an image computation 
unit which utilizes the IDT49C404 as the main image computing 
processor. Both blocks use the IDT49C402 to generate addresses. 

In the control unit, the IDT49C402 can be used to generate link 
list addresses, as well as indexes into complex data structures. The 
IDT49C402 is used in the computation unit to generate addresses 
into the video frame buffer. The video frame addresses might be 
used for bit block moves or for drawing complex line algorithms. 

Within the computation unit, the IDT49C404 is used for 
performing mask and merge operations with data in the frame 
buffer. The Funnel Shifter rotates and aligns data and the ALU 
merge unit takes new data and merges it into old data in the frame 
buffer. The three-bus structure of the IDT49C404 is very useful. The 
DA bus may be used to bring icon and bit pattern data in from the 
dual-port memory on the system bus. The DB bus is used to bring 
in data from the video frame buffer. These two buses can be 
merged together using the Funnel Shifter, ALU and Merge Logic 
block to compute output which is the Y bus. The Y bus can then be 
used to write the result back Into the frame buffer. Since address 
computation and data manipulation are done on separate chips, 
read modify writes can be performed very easily by holding the 
address steady. Data is read from the frame buffer and then the 
buffer write control line is brought low as data is delivered through 
the IDT49C404 and back into the frame buffer. 
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Figure 10. Graphics Accelerator Using the MICROSLICE Family 


The previous examples of the IDT49C404 are two of many 
possible applications. This device is very well-suited for any 
operation which requires 1-bit to 32-bit data manipulation on any 
type of boundary. Other examples include business automation 
projects such as data base manipulation, graphics and special 
purpose CPUs. Industrial automation efforts like robotics and 
artificial intelligence could benefit from the IDT49C404. 
Telecommunications is another fast-paced application segment 
where bit field manipulation is of paramount importance, 
especially in video control strategies. Peripheral controls for 
high-speed communications and disk drives is yet another area 
where high-performance bit field processing is very important. 


SUMMARY 

Integrated Device Technology’s 32-bit IDT49C404 cascad- 
able bit-slice microprocessor is the most powerful introduced to 
date. It offers technical features which maximize system through- 
put and performance in a tremendously wide variety of appli- 
cations. The 64-word-by-32-bit register file represents 2K bits of 
total multi-port memory. The Funnel Shift/ALU/Merge arrange- 
ment provides maximum data manipulation in a single clock cycle. 
Together with other IDT49C000 devices, the MICROSLICE family 
offers a complete set of building blocks for high-performance 
system solutions. 
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By DANH LE NGOC 


INTRODUCTION 

This article discusses floating-point in general terms: IEEE 
floating-point format, the pipelined architecture of IDT721264/65, 
how to perform division-algorithms and several DSP applications 
such as FIR, FFT and graphics accelerators. 

Floating-Point Versus Fixed-Point 

There are three major types of number representations: 
decimal, fixed-point and floating-point. The discussion here 
concentrates on fixed-point and floating-point. In the fixed-point 
data notation, data is represented with a radix point which remains 
in a fixed position within the number. The fixed-point data can be 
subdivided into two categories: integer number and fractional 
number. An integer number represented in the fixed-point notation 
has an implied radix point to the right of the number. The radix point 
is to the left of the number in the fixed fractional data 
representation. Figure 1 illustrates the two different fixed-point 
representations. 


INTEGER FORMAT ■ 


RADIX-POINT- 


and double precision (64-bit). These two formats are described 
below: 

- IEEE standard single precision: 


31 30 23 22 


0 


SIGN 


EXPONENT 


FRACTION 


In the single precision format, the floating-point number is 
divided into three fields: the sign-bit, an 8-bit exponent and a23-bit 
fraction. The floating point value is determined by the following 
table: 


E 

F 

Value 

Name 

Mnemonic 

255 

Not All Zero 

- 

Not A Number 

NaN 

255 

AH Zeros 

(-1) s (Infinity) 

Infinity 

INF 

1-254 

Any 

S E-127 

(-1) (1.F)2 

Normalized 

Number 

NOR 

0 

Not All Zeros 

S -126 

(-1) (O.F)2 

Denormalized 

Number 

DNRM 

0 

Zero 

o 

o' 

CO 

Zero 

ZERO 


RADIX-POINT 


| FRACTION FORMAT | 


Figure 1. 

Users of fixed-point processors have to maintain the correct 
position of the radix point at all times, resulting in scaling problems 
such as shifting the number in one direction or another to avoid the 
overflow or loss of precision. For example, a 32-bit fixed-point 
number can represent all integers roughly between -2x1 0 9 and 
+2x10 9 -1. An overflow or underflow occurs when a number is 
larger or smaller than this range. Afractional number like 4.25 can 
be represented as a integer number by scaling down by 0.25. The 
scaling process is also referred to as rounding. The scaling or 
rounding is normally fixed in the arithmetic operations. Therefore, 
the number of data bits of each fixed-point processor determines 
the magnitude (range of values) and precision of values (how 
accurately a number can be represented). These restrictions can 
cause some errors in the digital signal processing computations 
which result in a noise-like source in the digital systems. 

Floating-point processors handle scaling automatically and 
expand the range of values represented by fixed-point processors. 
For example, a 32-bit floating-point number in the IEEE format can 
represent all numbers from roughly 1.2x10- 38 to 1.7X10 38 . A 
floating-point number consists of two parts: a fraction and an 
exponent. The fractional and exponent parts of a floating-point 
number can also be referred to as the mantissa and the 
characteristic, respectively. The IDT721264/65 chip set sup- 
ports the ANSI/IEEE standard 754 version 1985 floating-point 
notation which consists of two formats: single precision (32-bit) 


— Approximate Maximum positive number: 2 12B = 1.7 x 10 38 

— Approximate Minimum positive normalized number: 2~ 128 =1.2 
x 10* 38 

— Precision: 2 23 = 10~ 7 (7 decimal places) 

NaN 

As the table indicates, the exponent values E = 0 and E = 255 
are reserved to specify the special numbers in the IEEE format. 
When the exponent E equals 255 and the fractional part F is not 
zero, the number is called “Not a Number” (NaN). NaN does not 
represent a numeric value, but it represents a symbol in the IEEE 
format. This special data format is usually used as a flag for data 
flow control, for uninitialized variables or to indicate an invalid 
operation such as 0 x INFINITY. 

Infinity and Zero 

When exponent E = 255 and fraction F = 0, this number defines 
INFINITY. When exponent E = 0 and fraction F = 0, the value is zero 
in the IEEE format. 


Normalized Number and Denormalized Number 


A floating-point number is called normalized when the 
hidden-bit is one. When the hidden-bit of a floating-point number is 
zero and the fractional part F is not zero, this number is called a 
denormalized number. 

Hidden Bit and Biased Exponent 
There are two additional significant items in the single precision 
floating-point format. The assumed “1” preceding the fraction is 
called the hidden bit which increases the precision of the fraction 
from 23 bits to 24 bits. The biased exponent representation, 
e = E-127, makes all of the exponents larger than zero, simplifying 
the hardware logic implementation for the floating-point numbers. 
This is illustrated in the two examples below: 
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Examples: 

0 10110111.01000000000000000000000 


sign= + E= 183 F = 1.25 


1 10110111.10000000000000000000000 


sign= - E= 183 F = 1.50 

For applications requiring larger precision, the double precision 
IEEE format is preferred: 

— IEEE standard double precision: 


63 62 52 51 


0 


SIGN 


EXPONENT 


FRACTION 


Floating-Point Operand 1 
<1 


Floating-Point Operand 2 
f 2 


1 


1 


Exponent 1 ^Fractior^J j^xponentT JFraction^j| 





Fraction 

Fixed-Point Multiplier 


Adjuster 


Scaling: Shifter 


J^Exponen^ ^ractioinj 


Floating-Point Result 
Figure 2. Floating-Point Multiplication Data Flow 


The range of values Is defined by the following table: 


E 

F 

Value 

Name 

Mnemonic 

2047 

Not All Zero 

- 

Not A Number 

NaN 


All Zeros 

(-1) s (Infinity) 

Infinity 

INF 

1-2046 

Any 

S E-1023 

(-1) <1 -F)2 

Normalized 

Number 

NOR 

0 

Not All Zeros 

S -1022 

(-1) (O.F)2 

Denormalized 

Number 

DNRM 

0 

Zero 

(-1) S 0.0 

Zero 

ZERO 


The key differences between the single precision and double 
precision are the number of bits for the exponent and the fraction. 
In the double precision, the exponent is eleven bits and the fraction 
is fifty-two bits, which provides a larger dynamic range and greater 
accuracy. 

— Approximate maximum positive number: 2 1024 = 9X10 307 

— Approximate minimum positive normalized number: 

2 - 1022 = 2.2x1 0" 300 

— Precision: 2~ 52 = 10~ 15 (15 decimal places) 

Architectural Overview of the IDT Floating-Point 
Chip Set 

The floating-point hardware implementation is inherently more 
complex than the fixed-point processor. Generally, the floating- 
point arithmetic processor consists of four basic elements: 
fixed-point logic to perform the fixed-point operation on the 
fraction, fixed-point logic to perform calculation on the exponent 
part of the floating-point format, logic to perform the rounding and 
format-adjustment to the floating-point formats and logic to detect 
and handle the exceptions. Figures 2 and 3 illustrate the data-flows 
for the multiplication and addition of two floating-point numbers, 
respectively. 


Floating-Point Operand 1 Floating-Point Operand 2 

fl *2 



Figure 3. Floating-Point Addition Data Flow 


As the data flow in Figures 2 and 3 demonstrates, performing a 
floating-point multiplication or addition will take a longer system 
clock-cycle than fixed-point operations. To reduce the long clock 
cycle, the pipelined approach is implemented in the IDT floating- 
point chip set. 
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The IDT721264/65 chip set consists of two devices: a 
floating-point multiplier and an ALU (see Figures 4 and 6). 

The floating-point multiplier and ALU are architectured as 


three-bus devices. There are two dedicated 32-bit input ports (X 
and Y) to load the two operands, and one dedicated output port (Z) 
to unload the result of floating-point operations. 


FO-5 XO-31 YO-31 CSL" LO-4 CSU" UO-2 CLK 



Figure 4. IDT721264 Floating-Point Multiplier 


Five bits (LO-4) are used to specify the load operations. The 
result can be read on the Z bus under control of the 3-bit UO-2 in 
parallel with the 4-bit status SO-3. The 6-bit function controls FO-5 
are used to select the opcodes for the floating-point multiplier and 
ALU. They are also used to load data into the mode register which 
specifies the different operating modes: flowthrough, pipelined, 
IEEE standard mode, fast mode and all rounding modes. The 
IDT721264 and IDT721265 provide a very flexible input/output 
structure which can be easily interfaced with a 16-bit, 32-bit or 
64-bit bus. The two input buses X and Y can be configured as two 
independent 16-bit or 32-bit buses or as a single 64-bit bus under 
control of two mode-bits: MODE15, MODE14. In the 16-bit mode 
configuration, when MODE15 is high, two consecutive clocks are 
required to load a 32-bit number into the XI andYl registers, in the 
single precision mode, the 32-bit operands must be loaded into the 
most significant bits of the AREG and BREG because the least 
significant 32 bits of the AREG and BREG are filled in with logic 
zeros by the hardware. Data on the X and Y buses are loaded into 
the XI and Y1 registers on the low-to-high transition of the clock. 


From there the data is moved into the AM, AL, BM, BL, AREG and 
BREG registers on the low-to-high transition of the clock signal. 
When LO is high, the two operands stored in the registers AM, AL, 
BM, BL, XI and Y1, as well as the function-code in FI, are 
transferred to the first pipelined stage of the floating-point multiplier 
or ALU. At the same time, the pipe advance timer and accumulate 
timer are also reset to indicate the beginning of a new operation. 

The internal architecture of the floating-point multiplier (see 
Figure 4) consists of five basic elements: a front end circuit to 
detect exceptions, a synchronous multiplier array, a circuit for 
handling the exponents, a shifter to normalize the result of the 
fixed-point multiplication and IEEE rounding circuitry. The five 
basic elements are partitioned into two pipelining stages. Under 
control of two mode bits MODE5/MODE4, the first pipe/second 
pipe of the floating-point multiplier can be made transparent. 
Making pipeline registers transparent reduces the worst-case 
latency of operation, but it also reduces the maximum throughput. 
This mode is also called the flowthrough mode. 
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A 56-bit-by-28-bit multiplier array is used to perform the 
fixed-point multiplication. One pass is required to perform the 
single precision multiplication. Two passes are required to perform 


the double precision multiplication. Figure 5 illustrates the internal 
architecture of the fixed-point multiplier array: 



Figure 5. Multiplier Array of IDT721264 


The floating-point ALU also consists of five basic elements: a 
front end circuit to detect the exceptions, a shifter to align the two 
operands, a 57-blt adder, a shifter to renormalize the results and a 
circuit to produce the IEEE format. These five basic elements are 


partitioned into five pipelined stages. The last four pipeline 
registers can be made transparent under control of four mode bits: 
MODE7, MODE6, MODE5 and MODE4. Figure 6 illustrates the 
simplified block diagram of the IDT721265. 


FO-5 XO-31 YO-31 CSL" LO-4 CSU' UO-2 CLK 



Figure 6. IDT721265 Floating-Point ALU 
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Flowthrough and Pipelining Modes 

The IDT floating-point chips are architectured as pipelining 
devices which are well suited for pipelined signal processing 
applications such as FFT, FIR and Matrix multiplications. The 
IDT721264 floating-point multiplier consists of two pipeline stages 
which can be made transparent under control of two mode bits 
(MODES and MODE4) as follows: 


MODE5 

MODE4 

Pipel 

STREG & DM, DL 

0 - > Transparent 

0 - > Transparent 

1 -> Register 

1 -> Register 


In the single precision multiplication, the minimum pipeline 
clock is twice the system clock. However, the pipeline clock forthe 
double precision multiplication is four times that of the system 
clock. To optimize the throughput in the pipeline mode, the 
multiplier also contains two timers: the accumulator advance 
control and pipeline advance control. For a given system clock, the 
accumulator timer control is used mainly to select the number of 
clocks required to perform the 24-bit-by-24-bit or 54-bit-by-54-bit 
fixed-point multiplication under control of the two mode bits 
MODE7 and MODE6: 


MODE7 

MODE6 

Accumulate Rate 

0 

0 

Clock/1 

0 

1 

Clock/2 

1 

0 

Clock/3 

1 

1 

Clock/4 


Under control of the four mode bits MODE11-8, the pipeline 
advance timer controls when the pipeline registers are clocked 
after the start of an operation. If all zeros are loaded into M 1 1 -8, the 
pipeline registers are latched only at the beginning of an operation. 
When Ml 1-8 are loaded with a non-zero value N, the pipeline 
registers are clocked at the beginning of every operation and N 
clock cycles after the beginning of every operation. Both the 
accumulator advance timer and pipeline advance timer are reset at 
the beginning of each operation, namely every time the bit LO is 


high. The example below illustrates two typical selections for two 
different system clocks : 

Examples: 


IDT721264 System Clock 

Accumulator 
MODE7 & 6 

Pipeline 

MODE11-8 

Single 40ns 

01 — > 80ns 

0010 — > 80ns 

(N = 2) 

Single 80ns 

00 — > 80ns 

0001 finnc 

(N = 1) 80 

Double 40ns 

01 — > 80ns 

S?« -» 

Double 80ns 

00 — > 80ns 

S?, -> '«• 


The table below summarizes the performance of the IDT chip set: 


Operation 

ID7721264 

Multiplier 

IDT721265 

ALU 

Single-Precision 

Pipelined-Throughput 

80ns 

80ns 

Single-Precision 

Latency 

240ns 

360ns 

Double-Precision 

Pipelined-Throughput 

160ns 

80ns 

Double-Precision 

Latency 

360ns 

360ns 


Figure 7. IDT Floating-Point Chip Set Performance 

Figure 8 shows the timing for the pipelined single precision 
multiplication. To achieve the maximum pipelined throughput in 
the single precision multiplication, the accumulator advance timer, 
pipeline advance timer and pipeline configuration control are 
selected as follows: 


Clock 

MODE5 

MODE4 

Accumulator 

MODE7-6 

Pipeline 

MODE11-8 

40ns 

1 

1 

01 -> 80ns 

0010 -> 80ns 
(N = 2) 


h- Top = 80ns — ^ 
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On the low-to-high transition of clock #3, the operands as well as 
the function are loaded into the AR, BR and F registers. In the next 
clock cycle (#4) the operation is started. It takes two clock cycles to 
finish the partial product of the 24-bit-by-24-bit multiplication. Then 
the partial product is loaded into pipel. On the next two clock 
cycles (#6 and #7), the final result of the multiplication is generated 
and pipelined into the last pipe. On the low-to-high transition of 
clock #8, the unload-opcode can be loaded. The result, as well as 
status, can be read on clock #1 0 and remains for two clock cycles 
(pipeline clock) . The T LATENCY specifies the initial total latency of 
the pipelined mode. After the pipe is full, the result can be read on 
the Z bus every two system clock cycles. 

Figure 9 shows the timing for the pipeline double precision 
multiplication. In this mode, four clock cycles are required to 
perform the fixed-point multiplication. Therefore, the accumulator 


timer is set to clock/2 (two clock cycles) and the pipelined advance 
control is set to clock/4 which provides two passes required for the 
accumulations. To maximize the throughput, the DM and DL 
registers are made transparent, since the last pipe requires only 
two clock cycles (see table below). 


Clock 

MODE5 

MODE4 

Accumulator 

MODE7-6 

Pipeline 

MODE11-8 

40ns 

0 

0 

01 -> 80ns 

0100 ^ 0 
(N=4)" > 16 °" S 


Similar to pipelined single precision multiplication, the result 
and status can be read on the Z bus and SO-3 lines every four 
system clock cycles after the first initial pipeline delay is filled in. 



Figure 9. Pipelined Double Precision for IDT721264 
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Likewise, the floating-point ALU consists of four pipeline stages IDT721265 ALU has only the pipeline advance control. The 

which can be made transparent under control of the four mode bits: pipeline clock for the ALU operation is twice the system clock for 

MODE7, MODES, MODE5 and MODE4 (see Figure 10). The both the single and double precision operations. 


MODE7 

MODE6 

MODE5 

MODE4 j 

Pipel 

Pipe2 

Pipe3 

STREG & DM, DL 

0 - > Transparent 

0 - > Transparent 

0 - > Transparent 

0 - > Transparent 

1 -> Register 

1 -> Register 

1 -> Register 

1 -> Register 


Figure 10. Pipeline Configuration for IDT721265 


The I DT721 265 ALU has the same throughput for the sing I e and 
double precision operations. The pipeline clock must be twice the 
system clock. Therefore the pipeline advance control is set to two 
and all the pipelined stages are enabled (see Figure 11). 


Clock 

MODE7 

MODE6 

MODE5 

MODE4 

Pipeline 

MODE11-8 

40ns 

1 

1 

1 

1 

2 -> 80ns 


CLK+ 

X/YOpr 
L+, CSL 

F+ 

u+, csu 

s+ 

Z Result 



Figure 11. Pipelined Single and Double Precision ALU for IDT721265 



14-101 

















USING THE IDT721264/65 FLOATING-POINT CHIP SET 


APPLICATION NOTE AN-12 


For applications requiring a single clock execution time, such 
as in a general purpose computer, the pipelining stage can be 
made transparent to reduce the total latency using the four mode 
bits: MODE4, MODES, MODE6 and MODE7. 

In the flowthrough mode for single precision multiplication 
(Figure 12), the accumulative control is set to one, pipeline control 
is set to zero and the pipelinel and DM, DL registers are made 


transparent in order to achieve the minimum total latency (see 
table below). 


Clock 

MODES 

MODE4 

Accumulator 

MODE7-6 

Pipeline 

MODE11-8 

40ns 

0 

0 

01 -> 80ns 

0000 
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In the flowthrough mode for the double precision multiplication 
(Figure 13), the accumulator timer is set to clock/2, because two 
clock cycles are required to perform the partial product for each 
pass. To minimize the total latency, the pipeline advance control is 
set to zero and the DM, DL registers are made transparent. 


Clock 

MODE5 

MODE4 

Accumulator 

MODE7-6 

40ns 

0 

0 

01 -> 80ns 
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Pipeline 

MODE11-8 


CLK + |Tj 2 3 4 5 6 7 |~8~j 9 10 11 12 13 14 15 Ifjj 


pilly§l|l 




L+.CSL- 

F+ 

U + .CSU- 

s+ 

2 Result 
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^soVls? 


p 1 LATENCY 

Figure 13. Flowthrough Double Precision Multiply for IDT721264 

To minimize the total latency forthe single and double precision pipeiine 

ALU (Figure 14), the pipeline advance control is set to zero and all C|0ck M0DE5 MODE4 Register 

pipeline registers are made transparent. MODE 7-4 MUUt 11 ~ q 

0000 0000 (N = 0) 


40ns 0 


c ^ + nj 7 U^FU=lFlRj ; U 7 LRRHRRiW 


raByJK 




L+.CSL- 

F+ 

U + .CSU- 

S+ 



. LABOX LABOX NOP X NOP X NOP X NOP X NOP X LABI X LABI. 


— filr 

<UMSWULS0> 




1 LATENCY 1 

Figure 14. Flowthrough Double Precision ALU for IDT721265 
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Handling Denormalized Numbers 

There are two ways to handle denormalized numbers In the IDT 
floating-point chip set: IEEE mode and Fast mode by 
programming mode bit MODEO. For applications requiring exact 
compliance with the IEEE standard {as In general purpose 
computers), it is necessary to treat the denormalized numbers 
exactly as specified by the IEEE standard. In this mode, the chip 
set contains the circuitry to detect the denormalized numbers and 
to generate the flag on the status bus SO-3. The IDT721264 
multiplier cannot handle the denormalized number directly, but 
can detect It. The “denormalized number” exception Is signaled 
on the status-bus SO-3. The operand is then moved to the 
floating-point ALU. The floating-point ALU provides a special 
instruction called “single wrap or double wrap” to convert a 
denormalized number into a normalized number called “wrap 
number”. This wrapping process is done by shifting the fraction of 
a denormalized number toward the most significant bit until the 
hidden bit becomes one. At the same time, the exponent of the 
denormalized number (in this case Is 0) is subtracted from the 
shift-number of the fraction in the two’s complement format. 
Multiplication can be performed on the wrap number. The whole 
process consumes extra cycles because the software must detect 
the exception and call special routines to handle the exceptions. 

However, the floating-point chip set provides a faster way to 
treat denormalized numbers for applications which do not require 
the IEEE standard compliance. In this particular mode, called 
FAST MODE, the denormalized number is treated as zero In order 
to shorten the processing delay. 

Division 

This section describes how to use the IDT721264/65 
floating-point chip set to perform the convergence division of 
Q=A/B in the IEEE floating-point format. To achieve more 
accuracy, the non-restoring bit-wise algorithm is required; but it 
also consumes more time. The convergence method for binary 
division generates the reciprocal of the divisor by an iterative 
process and then obtains the quotient by multiplying the dividend 
by the divisor reciprocal. The operation A/B may be considered as 
A * 1/B. First, it is necessary to evaluate the term 1/B. A simple but 
effective iterative method called NEWTON-RAPHSON is used. 
Considerthe graph of F(x)= 1/X (Figure 15) and assume that X| is 
the first approximation of a root. If a tangent is drawn to the curve at 
X = Xi , then the tangent intersects with the X-axis at X| + i, which 
is an improved approximation for the root of F{ x ) =0. 

The slope of the curve is defined as follows: 


F(X)’= F(X,)/X r X, + i 


Therefore: 


X, + i = X| - F(Xj )/ F’(Xj) 


This method, based on the first order Taylor series expansion, is 
very useful for improving a first approximation to a root of an 
equation of the form f(x) = 0. 

To find 1/B, we define f(x) = B -1/x, where B is the divisor. The 
root for this equation when f (x) = 0 corresponds to x = 1/B. Using 
the Newton-Raphson method, the iterative equation for the 
reciprocal of divisor 1/B is finalized as follows: 

X n + 1=X n (2-BX n ) 



Figure 15. Graph of F(x) = 1/X 

Here, B is the divisor and the X n are successively closer 
approximations to the reciprocal 1/B. In order to use the Newton- 
Raphson method to obtain the quotient, the function must 
converge. When the function converges, the quotient is obtained. 
For this reason, this method does not provide an accurate 
remainder. The first approximation is very important for the 
success of this method. Since the equation for the reciprocal value 
is iterative, making the process converge requires that the first 
approximation Xo of the divisor reciprocal must fall within the 
range: 

0 < X 0 <2/B if B>0 


2/B < Xo<0 if <0 

The error of Xj is reduced quadratically for every iteration. For 
example, computing the reciprocal of a 32-bit number can start by 
using a hardware lookup table to provide the 8 most significant 
bits. The next iteration will provide 15 bits and the third iteration 
provides 29 bits of accuracy. Depending on the application and 
accuracy desired, two or three iterations may be used. The 
example below illustrates the iterative equation and its quadratic 
convergence: 


Example: 

— To find the reciprocal of the number: B = 5.35 
Because: B > 0: 0 < Xo < 2/B= 0.373831775 

1. Iteration: Xo Is chosen as 0.1 Error: 0.086915887 

2. Iteration: Xi = 0.1465 Error: 0.040415887 

3. Iteration: X 2 = 0.178176962 Error: 0.008738925 

4. Iteration: X 3 = 0.186507314 Error: 0.000408573 

- To find the reciprocal of the number: B = 0.75 

1. Xo = 1 Enron 0.333334 

2. Xi = 1.25 Error: 0.083334 

3. X 2 = 1.328125 Error: 0.005208 

4. X 3 = 1.333313 Error: 0.000021 


To implement the Newton-Raphson division algorithm, a 
hardware lookup-table which generates the reciprocal value of the 
f irst approxi mation (seed) is required. There are two lookup tables: 
one for the exponent and one for the fraction. The 8-bit exponent of 
a single precision floating-point number is used to address one of 
the 256 exponents in the lookup-table. Similarly, the fraction 
lookup table is addressed by the eight most significant bits of the 
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fraction. Figure 16 illustrates how the divisor B is mapped into the 
first reciprocal value Xo using lookup-tables. The sign-bit is 
unmodified. The exponent lookup table generates the exponent 
reciprocal values (H) using the 8-bit exponent as the address. H is 


calculated using the following equation: 

H = 253 - E, where E is the 8-bit exponent of the divisor and ranges 
from 1 to 252. 


31 30 23 22 15 14 0 



Figure 16. Division Look-up Table 


Special Cases for E: 

1 . E = 255 and F not zero: B is NaN. In this case, the quotient is 
NaN and signals the INF. 

2. E = 255 and F zero: Bis INF. In this case, the RE can be set to 
zero. 

3. E = 254 : B is too large. In this case, the divisor and quotient 
are multiplied by the constant 1/2 and the operation is tried 
again. 

4. E = 253 : B is too large. In this case, the divisor and quotient 
are multiplied by the constant 1/4 and the operation is tried 
again. 

5. E=0 : B is DNRM or zero. Depending on the value of the 
divident: DIV, the division results in different values as 
specified below: 

-If DIV = NaN, DNRM, ZERO then Q = NaN status = INV 

-If DIV = INF then Q = INF 

-If DIV = NRM then Q = INF 

The look-up table for the first reciprocal values of the fraction is 
generated using either eight or twelve most significant bits of the 
fraction. The other least significant bits of the first reciprocal 
fraction are fi I led in with the values zero. The output of the hardware 
lookup tables is generated as below: 

1 . Eight bits of the fraction: 

G= (256 x 512/257 + F) - 256 
where F ranges from 0 to 256 

2. Twelve bits of the fraction: 

The number of iterations can be reduced by using larger ROM 
look-up table: 

G = (4096 x 8192/ 4097 + F ) - 4096 
where F and H range from 0 to 4095 

With the hardware look-up implementation shown in Figure 17, 
the division can be calculated as follows: 

1. Load divisor B into the input register DIN2 and DINI. 

2. Calculate the first reciprocal approximation of the divisor Xo . 

3. Perform the multiplication: B * Xj . 

4. Select special instruction 2 - A to perform the 2 - BXj . The IDT 
floating-point chip set provides special instructions to 


execute 2-A which saves the extra loading of the constant 
“2”, as well as the external hardware to generate the 
constant. 

5. If the accuracy is adequate, go to step 6; if not, go to step 3. 

6. Perform the multiplication Q= Ax 1/B. 



Figure 17. Configuration for Floating-Point Division 
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Applications 

The IDT floating-point chip set is ideally suited for applications 
where large number crunching capability, high precision and very 
wide dynamic ranges are required. Typical examples of such 
applications are in high-speed signal processing, array 
processors, scientific engineering work stations and high-speed 
graphics accelerators. The data flow of such applications can be 
subdivided into either pipelined or flowthrough. Typical pipelined 


applications are FAST FOURIER TRANSFORM (FFT) and FINITE 
IMPULSE RESPONSE (FIR) which consist of n repetitive 
multiplications and additions. High-speed number crunching in a 
general purpose computer is a classic example of a flowthrough 
application where the operations happen at random intervals and 
require exact treatment of exceptions. Both architectures are 
implemented in the IDT floating-point chip set. Figures 18 and 19 
illustrate some typical applications: 



Figure 18. Floating-Point Interface wltha 32-Bit Microprocessor 
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Figure 1 9. Typical 64-Blt CPU 


FFT Processor 

DSP applications such as radar, sonar, speech processing, 
imaging and seismic data processing require a real time spectrum 
analysis using the Fast Fourier Transformation. FFT is a 
high-speed algorithm for computing the Fourier transformation of a 
discrete time signal called the Discrete Fourier Transform (DFT). 
By taking advantage of the mathematical properties of periodic 
waveforms, the DFT algorithm provides a means to reduce the 
number of computations of the Fourier transform. The two 
well-known equations for the DFT are described below: 

— Direct DFT: 

X(k) = X(n) W nk ' where k = {0, N - 1} 

W = e-j(2ir/N) 

— Inverse DFT: 

x(n) = 1/N X(k) W nk 

The simplest and most popular DFT for radix 2 can be rewritten in 
the two forms: 

— Decimation in time: 

The decimation-in-time algorithm consists of a butterfly in 
which two inputs (A and B) are combined to give two outputs (X 
and Y): 

X = A + W N *xB 
Y = A - W N *x B 

Where Wn k = e’JPir/N) = e -0 = Cos0 - Sin0, and X and Y are 
complex numbers: 

ReX = ReA + ReB x Cos0 + jlmB x Sin0 
ImX = ImA + ImB x Cos0 - j ReB x Sin0 
ReY = ReA - ReB x Cos0 + ImB x jSin0 
ImY = ImA - ImB x Cos0 - ReB x Sin0 


- Decimation in frequency: 

The decimation in frequency algorithm also consists of a 
butterfly in which two inputs (A and B) are combined to give two 
outputs (X and Y): 

X = A + B 
Y = (A -B) W k N 

The basic FFT calculation is the butterfly, which consists of four 
multiplications and six additions or subtractions. Figure 20 shows 
the basic butterfly calculation. 
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Figure 22 illustrates an eight-point FFT; the butterflies occur in 
the group. Although the butterflies’ spans and positions (as well as 
the twiddle factor W) vary from pass to pass, the signal flow 
through the butterfly is the same. The repetitive butterfly 
calculations are suitable for using the pipeline architecture of the 
floating-point IDT721264 and IDT721265. 


Figure 21 . Butterfly 


Pass 1 Pass 2 Pass 3 



Figure 22. Eight-Point FFT Graph 



Figure 23 illustrates the implementation for a single cycle radix 
2 butterfly calculation. It consists of four building blocks: a control 
block, address generator, working RAM and execution unit. The 
control block contains the microsequencer (IDT49C410), a 
writeable control store using high-speed static RAM (IDT71681), 
pipelined registers (IDT49C818) and several MSI chips for 
condition code selection. The 16-bit-slice (IDT49C402) and some 
three-state buffers (IDT74FCT244) are used to generate the 
addresses for the working RAM, as well as for the FFT execution 
unit. The working RAM is configured from high-speed dual-port 


RAMs (IDT7132S) which are used as a buffer between the host 
processor and FFT processor. The execution block consists 
mainly of a single-clock butterfly network using the IDT 
floating-point chip set and several pipeline registers (IDT39C520). 
To accomplish a single clock cycle butterfly calculation, the 
butterfly network is highly pipelined. In the first stage of the butterfly 
network, four multiplications are performed in parallel. Then the 
products are pipelined into the second stage where the 
intermediate additions are executed. The last stage generates the 
final results for two complex numbers. 
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CONCLUSION 

As the need for high-speed data computation with greater dy- 
namic range and higher precision increases, so does the complex- 
ity of the hardware solution. The IDT721264 and IDT721265 pro- 
vide an integrated high-performance CMOS solution for 
floating-point processors ideally suited for graphics accelerators 
and digital signal processing applications. 
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INTRODUCTION 

IDT49C404 32-bit CMOS microprogram microprocessor’s de- 
tailed functionality and operation is discussed in this User’s Man- 
ual. This manual is subdivided into multiple sections each concen- 
trating on a section of particular importance. These sections are: 
General Information - includes description, block diagram and pin 
definitions. Architectural Overview— explains the operation of the 
key functional blocks: seven port RAM, funnel shifter, ALU and 
mask/merge logic. Special Instruction definitions and Serial Proto- 
col Channel diagnostics operation. 

This manual is based on operating in the 32-bit mode; however, 
a section has been added within the Special Instructions category 
which defines the operating modes for 64-bit applications. 


GENERAL DESCRIPTION 

The IDT49C404 is an expandable, microprogrammable 32-bit 
ALU and register file designed in advanced high-speed, low-power 
CEMOS™ . Highlighting the monolithic three-bus device is a pow- 
erful 7-port 64-word-by-32-bit working RAM, a 64-bits-in/32-bits- 
out cascadable funnel shifter, a high-speed multi-function ALU 
and the necessary Mask generation and Merge for field manipula- 
tion within a 32-bit word (see Figure 1). 


A 

Q 

DA 


FUN 


ALU 



Y 


B 

T 

DB 


OPER 

SEL 


MSK 


MRG 


Figure 1. Simplified Block Diagram 


This monolithic device has been optimized, both architecturally 
and instruction set-wise, for use in intelligent controllers such as 
high-speed graphics engines, array processors and high-speed 
communication/disk controllers. Other applications of the 
IDT49C404 range from artificial intelligence, robotics and data 
base manipulation to high-performance LANs and channel 
MUXes. 

The IDT49C404 is the industry’s only 32-bit microprocessor ca- 
pable of performing the ALU, Shift and Merge operations in a single 
cycle. This feature, coupled with a highly orthogonal instruction 
set, fast 80ns cycle time and low CMOS power (1.5W), results 


in the world’s highest performance microprogrammable 32-bit 
microprocessor. 

The 7-port RAM is designed for writing three locations while 
reading four locations, all in one cycle. The 64-bits-in/32-bits-out 
Funnel Shifter allows for fast alignment of data to any bit boundary. 
Through special architecture hooks, the IDT49C404 can be easily 
expanded to 64 bits. Following the Funnel Shifter is a multi-func- 
tion, streamlined 32-bit ALU which provides high-performance 
operations from any bit boundary while selecting status flags 
(carry, overflow and sign-bit) . The 32-bit Merge Logic block, under 
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control of the 32-bit Mask Generator, enables the designer to select 
a subfield of any bit width on any bit boundary. 

The IDT49C404’s parallel architecture allows for large perform- 
ance improvements In many applications. Often-used functions 
within graphics applications, such as block BLIT, line and curve 
drawing algorithms, take full advantage of the flexible 7-port RAM, 
Funnel Shift, Mask/Merge architecture. This same architectural 
approach also lends itself perfectly to high-speed disk and com- 
munication controller applications where extensive bit and sub- 
field manipulation are needed. 


The new IDT49C404 also features comprehensive on-chip diag- 
nostics— Serial Protocol Channel (SPC)- which greatly simplifies 
the task of writing and debugging microcode, field maintenance 
debug and test, as well as system testing during manufacturing. 
Operation of this innovative IDT technique is performed by only 
four pins: Serial Data In (SDI), Se_rial Data Out (SDO), Serial Clock 
(SCLK) and Command/Data (C/D). 

Microcode for the device is developed by using the industry 
standard meta-assemblers and development systems for system 
level debugging available from Step Engineering, HILEVEL and 
Hewlett Packard. 
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PIN DESCRIPTIONS 


PIN NAME 

DESCRIPTION 

DA 31 _o 

Thirty-two-bit data input/output port is under control of the signal <3 Ea - When the UEa is low, RAM output port A can be directly 
read on these lines. Data on these lines can be selected as the source for the ALU, funnel-shifter or loaded into port A of the 
working RAM. 

DB31-0 

Thirty-two-bit data input/output port is under control of the signal OE B . When the <3E B is low, RAM output port B can be directly 
read on these lines. Data on these lines can be selected as the source for the ALU, funnel-shifter or loaded into port B of the 
working RAM. 

Y31-0 

Thirty-two-bit data input/output port is under control of the signal OE Y . When OE Y is low, the merge output can be directly 
read on these lines. Data on the lines can be loaded into port T of the working RAM or selected as the source for the ALU 
when OEy is high. 

OEy 

A control input pin which, when low, enables the output of merge-logics on the lines Y 31 _o and, when high, disables the 
Y 3 i_q three-state output buffers. 

we A 

The write control signal for RAM input port A. If the signal WE A is low, the data on the DA lines or Z bus is written into the RAM 
(input port A) when the clock signal is low. 

WE b 

The write control signal for RAM input port B. If the signal WE B is low, the data on the DB lines or Z bus is written into the RAM 
(input port B) when the clock signal is low. 

WE t 

The write control signal for RAM input port T. If the signal WE T is low, the data on the Z lines. Y lines. T + Cl orT + C2 is written 
into the RAM (input port T) when clock signal is low. 


A control input for data input/output port DA. When (5E A is low, RAM output port A is read on the DA line. When OE A is 
high, the data on the data lines can be selected as the source for the ALU or loaded into port A of the working RAM. 


A control input for data input/output port DB. When OE a Is low, RAM output port B can be read on these lines. When is 
OE s high, the data on the DB lines can be selected as the source for the ALU or loaded into port T of the working RAM. 

CP 

The clock input to the IDT49C404. When clock is low, data is written in the seven-port RAM. 

TC 0 

Used as carry input for the T counter. 

TC 31 

Used as carry output for the T counter. 

ML 

The input pin which can be used to load the external bit in order to fill in the vacant positions of a word in shift-linkage. 

Co 

The carry input to the least significant bit of the ALU. 

Com- 

Indicates the carry-output. 

... . N 

Indicates the sign N of the ALU operation. 

OVF 

Indicates the conventional two’s complement overflow. 

C31 

The carry output pin which is used to ripple the carry In the expansion mode (64-bit). 

ZERO 

The open drain input/output pin which, when high, generally indicates that all outputs are low. 

ALU 2 _o 

Instruction inputs are used to select the operations for the ALU. 

A 5-0 

Six RAM address inputs which contains the address of the RAM word appearing at RAM output port A and into which new 
data is written when WE A is low. 

B 5-0 

Six RAM address inputs which contains the address of the RAM word appearing at RAM output port B and into which new 
data is written when WE B is low. 

T 5-0 

Six RAM address inputs which contains the address of the RAM word appearing at output port T and into which new data 
is written under control of TSEL. 

ASEL 

Defines what data RAM port A receives, either DA or Z bus. 

BSEL 

Defines what data RAM port B receives, either DB or Z bus. 

Q 5-0 

Six RAM address inputs which contain the address of the RAM word appearing at output port Q. 

® P 6-0 

The seven pins are used to specify the start positions or the number of shift positions. 


The six pins are used to specify the word width. 

ZSEL 

Selects the source of the Z bus between the output of the ALU (F) or the Y bus. 

MSEL 

Taken together with OE A , selects the source of the M input into the funnel shifter. 

NSEL 

Taken together with OE B , selects the source of the N input into the funnel shifter. 

VSEL2-0 

Selects the source of the V bus used for merging with the output of the ALU. 

ZD 

Chooses zero detect of the ALU output (F) or the Y bus. 

SSEL 2 -o 

Selects the source of the S operand input to the ALU. 

FUN 4-0 

Controls the operation of the funnel shifter. 

MSK 1-0 

Selects the function of the mask generator. 

MRG 1-0 

Controls the merge function. 
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PIN DESCRIPTIONS (Cont’d) 


PIN NAME 

DESCRIPTION 

TSELi-o 

Selects the source of the data to be written into the T port of the RAM. 

SDI 

Serial data input to the SPC command and data registers for diagnostics. 

SDO 

Serial data output from SPC command and data registers for diagnostics. 

SCLK 

SHIFT clock for loading the SPC command and data registers for diagnostics. 

C/15 

Command/data control input for SPC operation. 

DCMP 

The open drain compare output for SPC diagnostics. 

VCC 7 _ 0 

Eight pins for power supply 5 volt, all of which must be connected to 5 volts. 

GNDte-o 

Sixteen pins for ground, ail of which must be connected to ground. 
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GENERAL ARCHITECTURAL OVERVIEW 

The IDT49C404 Is a high-speed 32-bit microprogrammable 
CMOS microprocessor slice which can be cascaded to 64 bits. It 
allows simple yet high-speed arithmetic and logic operations on 
Subfieids, Shift, Rotate, Mask and Merge. 

In general, the IDT49C404 can be viewed as a 7-port working 
RAM feeding into a funnel shifter, then into an ALU and then into 
Merge Logic. The control of each of these blocks is orthogonal, al- 
lowing the user to select data from registers, shift it, operate on it 
with the ALU and then merge it in only one cycle. Optionally, the 
Funnel Shifter or ALU can be bypassed, allowing the user addi- 
tional flexibility. In this way, the designer may avoid paying a per- 
formance penalty when a particular algorithm requires only one or 
the other. Thus, the cycle time can be tailored to match the proc- 
essing requirements. 

The IDT49C404 can be divided Into the following functional 
segments: 

— Three 32-bit bidirectional I/O ports 

— 7 port 64-word x 32-bit RAM 

— 64-bits-in/32-bits-out cascadable Funnel Shifter 

— 32-bit ALU 

— Mask Generator 

— Merge Logic 

— Diagnostics circuitry 

Three-Bus Architecture 

The IDT49C404’s 3-bus architecture consists of three bi- 
directional 32-bit ports (DA, DB and Y). The DA and DB bi- 
directional buses connect respectively to the A and B RAM outputs 
and A and B RAM inputs. Thus, data can be read out of the RAM on 
DA and DB or data can be brought in independently on DA and DB. 
This special feature allows for easy RAM expansion. Since data 
can be brought out on the DA and DB buses, other ALU elements 
can be connected externally which extend the overall ALU/Funnel 
Shifter/Mask-Merge capabilities. 

The third 32-bit bus, Y, is the output of the Merge Logic and also 
the input back to the RAM ports A, B and T via the Z bus or internal Y 
bus. The Z MUX multiplexes between the ALU or the Y bus. By se- 
lecting the output of the ALU, the results of the ALU operation can 
be stored back into the RAM, while data may be brought out 
through the Merge path onto the Y bus. This results in an ALU op- 
eration in parallel with the extraction of data out of the register file. 
Additionally, there is an alternate data path which allows the Y bus 
to connect directly into the T MUX, such that data can be written 
from the ALU back into the RAM while data is being brought in, at 
the same time, through the Y bus to the RAM. 

This three-bus approach allows for the easy data accessibility 
necessary when designing high-performance microprocessor- 
based systems. 

Seven-Port RAM 

The IDT49C404 incorporates a 64-word-by-32-bit RAM which 
has seven ports: four read ports and three write ports. The four read 
ports are A, B, Q and T. The A and B ports are considered the data 
path ports and can be used interchangeably. During most cycles 


they supply data to the Funnel Shifter, ALU and Merge Logic. 
These ports can be considered to be similar to the A and B ports of 
the IDT39C203 4-bit ALU. The Q and T output ports are used 
mainly for controlling the start and width for the Funnel Shifter and 
Mask generation for Merge operations. Since the Q and T ports 
are outputs of the RAM, the start positions may be computed on 
previous cycles using the ALU, providing extensive programmer 
flexibility. 

There are three write ports: A, B and T. The A and B ports are 
typically used for results from the current cycle. The T port is used 
for incrementing counter values in the RAM, as well as loading data 
from the Y bus in parallel with ALU operations. There are four ad- 
dress buses controlling A, B, Q and T. In one cycle, the seven-port 
RAM is capable of writing to three locations while reading from four 
locations. This feature highlights the IDT49C404’s highly parallel 
architecture. 

64-Bit Funnel Shifter 

The Funnel Shifter accepts two 32-bit operands (DA, A, DB, B,Q 
or T) which are operated on as a 64-bit word. The output of the Fun- 
nel Shifter is the result of selecting any consecutive 32-bit word 
within the 64-bit operand. The 32-bit word can start on any bit 
boundary between 0 and 31. The M and N input MUXes allow the 
user to swap the data, as well as duplicate it, allowing for barrel 
shifting. The Funnel Shifter also has the capability of taking any 
32-bit word as an input and extending the sign, as well as provid- 
ing zero fill. Through special hooks in the architecture, the Funnel 
Shifter can be expanded along with the ALU/Merge Logic to per- 
form 64-bit operations in a single cycle. 

ALU 

The output of the Funnel Shifter feeds the 32-bit ALU. The ALU 
can perform conventional binary operations such as logic, addi- 
tion and subtraction, as well as multiplication and division. Also, 
the sum of the start and the width information can be used to select 
the bit boundary from which the carry, sign and overflow flags 
will output as status. This allows for true arbitrary subfield opera- 
tions. The other ALU inputs are selected from DA, DB, Y, A, B, Q, T 
or Mask Generator. 

Mask Generation And Merge Logic 

The mask generation and merge logic allows for field manipula- 
tion within the 32-bit resulting word. The mask generator, which 
determines how the bits will be merged between V and F, is con- 
trolled by start and width input pins. The start and width can also 
come from Q or T. T is used for start and Q is used for width, thus 
start/width can be calculated, stored in the register file and used in 
the mask generator. An alternate to the mask generator is a mask 
which comes directly from the Q or T outputs of the RAM, allowing 
for totally arbitrary masks. 

The V input of the merge logic comes from a multiplexer which 
can select any output of the RAM, DA, DB, all Is or all Os. The F 
input is connected to the output of the ALU. The mask is used to 
merge the V and F input on a bit-by-bit basis, which results in the Y 
output. 

Included in the merge logic is a priority detect circuit. It is used 
to produce a binary weighted code to indicate the location of the 
highest order one on its input. 
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DETAILED ARCHITECTURAL OVERVIEW 
SEVEN-PORT RAM 

As shown in Figure 3A, the 64-word-by-32-bit working RAM is a 
seven-port RAM. It has three dedicated input ports, Ain, Bin and 
Tin, and four dedicated output ports, Aotrr. Bout. Tout and 
Qout. with latches at the output ports. Any four RAM locations ad- 
dressed at the address ports A, B, T and Q can be read simultane- 
ously. Identical data appears at the four output ports when the 


same addresses are applied at address port A, address port B, ad- 
dress port T and address port Q. When the clock CP is high, latches 
at output ports A, B, T and Q are transparent and when the clock CP 
is low, the latches hold the data. A, B, T and Q can be selected as 
source for the ALU operation, Funnel Shifter and Merge Logic. A 
and B can be read out on the DA and DB lines. Q and T can be 
sources for the Mask Generator. When the addresses applied to 
address port A, B or T for writing data into RAM are matched, the 
data written into the matched RAM location is undefined. 


DA DB 



Z DA A Q T B DB Y 


Figure 3A. Seven-Port RAM 


The DA and DB buses are bidirectional 32-bit buses. As input 
buses they can provide data (as operands) into the Shifter/ALU/ 
Merge block, as well as provide access to the seven-port RAM. As 
output buses they can be used to deliver data from the seven-port 
RAM to off-chip functions. 

Under control of the select signals, ASELand BSEL, data on the 
DA lines, DB lines or Z bus at the input ports A and B can be written 
into any two RAM locations whose addresses are applied at ad- 
dress port A or B. Writing occurs when the clock CP is low and the 
appropriate control signals, WEa and WEb, are enabled low. 


Data is written into the Tin port under control of the WEt and 
TSELi-o signals. The TSELi_o is used to select between the Y or 
Z bus, as well as increment a location identified by the T address 
lines. Ci andC2 are 32-bit registers that can be loaded with spe- 
cial instructions through the Z bus. The 32-bit increment can be 
performed with one of two values, C i or C2- The 32-bit adder used 
for incrementing has carry-in and canry-out pins, TCo and TC31, 
respectively. See Figure 3B. 
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Z 



T| N PORT 


Figure 3B. 


| A RAM DEST \ 

Mnemonic 

ASEL 

Source 

DA 

0 

DA Bus 

Z 

1 

Z Bus 


B RAM DEST j 

Mnemonic 

BSEL 

Source 

Z 

0 

Z Bus 

DB 

1 

DB Bus 


J T Source | 

Mnemonic 

| TSEL 

Source 

Z 

0 

0 

Z Bus 

Y 

0 

1 

Y Bus 

TCI 

1 

0 

T + Cl + TCq 

TC2 

1 

1 

T + C2 + TC 0 


Figure 4A. T, A, B Instructions 


Under control of the special instruction “load T, immediate”, 
16-bit immediate data can be loaded directly into the RAM location 
whose address is applied at the address port T. During the execu- 
tion of the special instruction “multiply or divide”, the contents of 
RAM T can be shifted up or down. In the adder mode, TCo is an 
input and TC31 is an output (see special instructions). 



Figure 4B. Read Timing of the 7-Port RAM 
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DA, DB 
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Figure 4C. Write Timing of the 7-Port RAM 


EXECUTION BLOCK 

The IDT49C404 can be divided into two functional blocks, the 
seven-port RAM and the execution block. The execution block (see 
Figure 5) processes the data on the IDT49C404. It includes the 
Funnel Shifter, ALU, Mask Generator and Merge Logic. The source 
for this block is a set of individual orthogonal control buses. Each of 
the individual functions has its own control signals. This block can 
select from nine possible operands: DA, A, Q, T, B, DB, Is, Os and 
Y. The results of this block can be written back into the RAM via the 
Y or Z buses or be sent outside the device via the Y bus. 
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OE a , MSEL 
OE 0 . NSEL 


M MUX r-H N MUX 


MASK 

GENERATOR 



Figure 5. Block Diagram of Execution Circuitry 


The organization of this block is the Funnel Shifter, which aligns 
data and inputs it to the ALU, and the output which can be merged 
into original operands as well as fields of all ones or zeros. With this 
organization, arbitrary fields of bits can be manipulated in one 
clock cycle. Performance tailoring, as defined in the Funnel Shift 
operations, can be accomplished by bypassing the Funnel Shifter 
or the ALU in any given cycle. In this way, a Shift/Merge or an ALU/ 
Merge cycle can be achieved without paying a timing penalty for 
the unused function. 

Manipulation of bit fields is accomplished by using all of the 
three functional elements in this block. Figure 6 shows how a 32-bit 
word with a subfield (B) can be modified with another word (A). 
First, the data in word A is aligned with B using the Funnel Shifter. 
The ALU can then combine the two words which will result in a 
32-bit word where only the target subfield has correct data. Finally, 
the Merge unit merges the resulting partial field back into the origi- 
nal word (A). 

The start (SP) and the width (W) information is used to tie to- 
gether the different units in the execution block. The start informa- 
tion controls the Funnel Shifter for data alignment. The sum of the 
start and width is used to select the bit boundary to fetch flag infor- 
mation like sign, overflow and carry from the result of the ALU. Fi- 
nally, the start and width information is used to generate a mask to 
control the Merge unit. In the 32-bit configuration, the most signifi- 
cant bit of SP and W should be tied low. 


Width Start 


v%s; a 


Shift / 

II B I111S 


-5/aluV- 


\\SSS Y Merge F with S 


Width Start 


Figure 6. Alignment and Merge Operation 
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FUNNEL SHIFTER 

The Funnel Shifter (Figure 7) is a block of logic which takes two 
32-bit inputs, concatenates them into a 64-bit word and extracts out 
a 32-bit word starting on any bit boundary. Given the appropriate 
inputs, it can perform a variety of tasks such as barrel shift, arithme- 
tic and logical linear shifts by any number of bits in a single cycle. 


FUN inputs which determine the fundamental operation of the total 
Funnel Shifter block. The SWAP logic swaps the M and N inputs, as 
well as performs fill operations on the M and N operands. The fill 
operations that are supported are sign, zero and fill with the value of 
the ML input pin. The fill operation is defined as replicating one bit 
across many. 


A T Q B 



Figure 7. Detailed Funnel Shifter Diagram 

The Funnel Shifter block can be segmented into three sections: 
operand select, SWAP and shifter. The operand selection Is con- 
trolled by OEa, MSEL, OEb and NSEL The programmer can se- 
lect from DA, A, Q, T, B and DB and route them to the M and N in- 
puts of the shifter (Figure 8) . The SWAP section is control led by the 


M Source Selection ) 

Mnemonic 

SEa 

MSEL 

M Source 

AOE 

0 

0 

A 

T 

0 

1 

T 

A 

1 

0 

A 

DA 

1 

1 

DA 


| N Source Selection | 

Mnemonic 

OE b 

NSEL 

N Source 

BOE 

0 

0 

B 

Q 

0 

1 

0 

B 

1 

0 

B 

DB 

1 

1 

DB 


Figure 8. M and N Source Selection 

The shifter extracts a 32-bit word from the 64-bit word that is 
formed as a result of concatenating the two 32-bit inputs. The ex- 
tensive list of Funnel Shift operations is shown in Figure 9. The start 
position is determined by a 6-bit two’s complement number (seven 
pins are provided for cascading to 64 bits) . The start position is de- 
termined either by the SP pins or the T output port of the RAM. The 
Mask Generator Source control (MSK) inputs determine whether 
SP orT will be used. The origin is at the boundary between the two 
32-bit input words. 
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FUN 

Function 

Operands (1> 

SMLZ 

00 

000 

Shift M and fill with 0 

0, M 

SNLZ 

00 

001 

Shift N and fill with 0 

0, N 

SMLM 

00 

0 1 0 

Shift M and fill with ML 

ML. M 

SNLM 

00 

0 1 1 

Shift N and fill with ML 

ML. N 

XNM 

00 

100 

Extract field from N, M 

N. M 

XMN 

00 

101 

Extract field from M, N 

M. N 

SMAZ 

00 

1 1 0 

Shift M arithmetic and fill 0 

Sign, M. 0 

SNAZ 

00 

1 1 1 

Shift N arithmetic and fill 0 

Sign. N, 0 

SMAM 

01 

000 

Shift M arithmetic and fill ML 

Sign, M, ML 

SNAM 

01 

00 1 

Shift N arithmetic and fill ML 

Sign, N, ML 

BM 

01 

010 

Barrel shift M 

M 

BN 

01 

01 1 

Barrel shift N 

N 

PM 

01 

100 

Pass M 

M 

PN 

01 

101 

Pass N 

N 

PZ 

01 

1 1 0 

Pass all Os 

0 

PO 

01 

1 1 1 

Pass all Is 

1 

SMLZBA 

1 0 

000 

Shift M and fill with 0, Bypass ALU 

0. M 

SNLZBA 

1 0 

001 

Shift N and fill with 0, Bypass ALU 

0. N 

SMLM BA 

1 0 

010 

Shift M and fill with ML, Bypass ALU 

ML. M 

SNLNBA 

1 0 

01 1 

Shift N and fill with ML, Bypass ALU 

ML. N 

XNM BA 

1 0 

1 00 

Extract field from N & M, Bypass ALU 

N. M 

XMN BA 

1 0 

1 0 1 

Extract field from M & N, Bypass ALU 

M, N 

SMAZBA 

1 0 

1 1 0 

Shift M arithmetic and fill 0. Bypass ALU 

Sign, M, 0 

SNAZBA 

1 0 

1 1 1 

Shift N arithmetic and fill 0, Bypass ALU 

Sign, N, 0 

SMAMBA 

1 1 

000 

Shift M arithmetic and fill ML, Bypass ALU 

Sign, M, ML 

SNAM BA 

1 1 

001 

Shift N arithmetic and fill ML, Bypass ALU 

Sign, N, ML 

BMBA 

1 1 

010 

Barrel shift M, Bypass ALU 

M 

BN BA 

1 1 

01 1 

Barrel shift N. Bypass ALU 

N 

POCM 

1 1 

1 00 

Pass Is Complement of M 

M 

POCN 

1 1 

101 

Pass Is Complement of N 

N 

PMFM 

1 1 

1 1 0 

Pass M and fill ML bit from Bit 0 to SP 

M 

PNFM 

1 1 

1 1 1 

Pass N and fill ML bit from Bit 0 to SP 

N 


NOTE: 

1 . Operand order for negative start or shift down is shown. For positive start or shift 


up. swap operands (i.e. N, M — ► M. N). See Figure 11. 

Figure 9. Funnel Shifter Operations 


When performing shifts with fill, a positive start position results in 
shifting the word up and filling in from the least significant bit posi- 
tion. When using a negative start position, the word is shifted down 
and fill bits are inserted from the most significant end of the word. In 
the arithmetic shifts, the sign is propagated when shifting down 
and shifted around when shifting up (see Figure 10). 


Shift Down Arithmetic 


w 

§ 

w 

w 

w 



Up Arithmetic 

Shift 

I SIGN 





Figure 10. Shift Up/Down Arithmetic 
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The Extract operation extracts 32 consecutive bits to form a 
64-bit word which is the concatenation of two 32-bit words. When 
extracting from M and N, where M is the most significant word, 
positive start positions select a 32-bit word starting in the N word 


31 M 0 31 N 0 


r 

\\\N\VvVv\ 

\ 

t 

1 

t 

1 

1 

Positive 

1 

1 

1 

1 

R 


1 


\ \. \. 

"/'/'X 



and negative start positions starting In the M word (see Figure 11). 
When using negative start positions, the lower 32-bit word (N) is 
replicated above the upper 32-bit word (M). 


31 N 

0 

31 M 

0 

31 N 0 


VVVVVVVVVVY 4 - 


i 








KWW. 

y y y y y y y y *■> 

1 

. 1 

1 

1 


1 Negative 


1 

1 


!, sp , 




R 

\\\. ‘\'\ \ 
/•>' . \ 
\SSSSS. 
WWW.' 




31 o 31 o 

Figuro 11. Positivo/Nogative Start Positions 


When performing a rotation or barrel shift, a positive number in- 
dicates moving the bit in the least significant position towards the 
most significant end of the word. 

When the Pass With Fill operation is performed, a 32-bit un- 
shifted word is generated which is identical to the input word with 
the exception that the bit positions from zero to the position identi- 
fied by SP are filled with the value of the ML input pin. This opera- 
tion is used when two words, which contain a field that is already 
aligned, are operated on by the ALU. By filling the bit positions from 
zero to SP for one of the operands, the carry-in flag can be propa- 
gated to the embedded subfield (see Figure 12). 


Start . . Width. Start 


1 

~ — n 

1 1 i 

ii 

1 B I 

Ml 

1 



Figure 12. Aligned Bit Field Manipulation 

ARITHMETIC LOGIC UNIT 

The Arithmetic Logic Unit is a fully cascadable 32-bit ALU with 
full carry lookahead (Figure 1 3A) . It performs addition and subtrac- 
tion operations, as well as logical functions. The flags sign (N), 
overflow (OVF) and carry (Com) are derived from the upper end of 


field identified by the sum of the start and width operands. When 
cascading (64-bit system), the flags are wire-ORed together be- 
tween the two devices. The C 31 line is the carry-out of the 32nd bit 
position of the ALU and is provided for ripple carry expansion (in 
the 64-bit application) into the Co input which is the carry input of 
the most significant device. 


DA A O T B DB Y MASK 



Figure 13A. ALU 

The R operand is supplied by the Funnel Shifter while the S op- 
erand is supplied by the SMUX. For convenience and cycle time 
improvement, the Funnel Shifter can be placed in the pass mode. 
It can pass DA, A, DB, B, Q, T, all ones or all zeros. The SMUX is 
controlled by the SSEL inputs (Figure 13B).The possible operands 
via the SMUX are DA, A, Q, T, B, DB, Y or the output of the Mask 
Generator. The Mask Generator can be used as an operand for 
logical operations, as well as provide values for increments or dec- 
rements. The 4-bit Funnel shifter control is decoded in order to 
control a mux for bypassing the ALU. In this way, when the ALU is 
not required, it need not contribute to the delay through the device. 
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| S Source 

Mnemonic 

SSEL 

Sourco 

DA 

0 

0 

0 

DA 

A 

0 

0 

1 

A 

Q 

0 

1 

0 

Q 

T 

0 

1 

1 

T 

B 

1 

0 

0 

B 

DB 

1 

0 

1 

DB 

Y 

1 

1 

0 

Y 

MASK 

1 

1 

1 

MASK 


Figure 13B. S Source Instructions 

The 3-bit instruction field which controls the ALU is shown in 
Figure 14. The opcode 101 is used to put the IDT49C404 into a spe- 
cial instruction mode where the VSEL and MRG control input pins 
determine what special instruction is executed. The special in- 
structions are a group of operations which require special internal 
connections that cannot be controlled from the standard control 
input pins. Refer to the section on special instructions for more 
information. 


1 ALU I 

Mnemonic 

ALU 

Function 

ADD 

0 

0 

0 

R + S + Co 

SUBR 

0 

0 

1 

S - R - 1 + Co 

SUBS 

0 

1 

0 

R - S - 1 + C 0 

OR 

0 

1 

1 

R orS 

AND 

1 

0 

0 

R and S 

- 

1 

0 

1 

Special Instruction 

EXOR 

1 

1 

0 

R exor S 

EXNOR 

1 

1 

1 

R exnor S 


Figure 14. ALU Instructions 


MERGE LOGIC 

The Merge Logic Unit combines two 32-bit words to form an- 
other 32-bit word under the control of a Mask. The Merge operation 
overlays a field of bits from one word onto another word. This is 
achieved by using the Mask to select which bits will be included in 
the result word. If the F Merge V function is selected, the F bus from 
the ALU provides the 32-bit word which is selected by the HIGH 
bits in the Mask. The word selected by the LOW bits in the mask is 
supplied by the VMUX which is controlled by the VSEL2-0 input 
pins. The Mask is supplied by the Mask Generator and converts a 
start and a width input to a string of one bits in a word of zero bits. 


The control lines for the Mask Generator are MSK-|_o- They select 
between the start and width as supplied from the SP6-0 and the 
W5-0 input pins or the RAM ports T and Q. These control lines are 
shown in Figure 15. 


Z F QTDATQBADBOsIsY 



VSEL-h, 

MSKi_o 

SP 6 ^o- W 5-0 

MRG-|_q 


ZSEL ZERO ZD Y 


Figure 15. Merge Logic Unit 

For example when F is merged with V, bit 0 of the output word 
receives bit zero of the word coming from the ALU (F) if bit 0 of the 
Mask is HIGH, or it receives bit 0 of the V bus if it is LOW. All of the 
bits in the result bus are processed in parallel at the same time. The 
Merge Unit can be characterized as thirty-two 1-bit MUXes which 
are controlled by the Mask (see Figure 16). If V Merge F is selected, 
operands F and V are swapped such that a 0 bit in W will select a bit 
in F. 


F 31 V 31 W3I F 0 V Q W Q 



y 31 


Figure 16. Detailed Diagram of Merge Function 

The Merge Unit can combine various operands. It can directly 
pass the results of the ALU (F) as well as the Mask Generator. The 
output of the ALU (F) can be merged with the RAM ports Q and A, 
as well as the DB bus. The ALU results can also be merged into a 
word of all zeros or all ones (see Figure 17). These functions can be 
controlled by the VSEL inputs. 
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| V Src | 

Mnemonic 

VSEL 

Source 

DA 

0 

0 

0 

DA 

A 

0 


1 

A 

Q 

0 

1 

0 

0 

T 

0 

1 

1 

T 

B 

1 

0 

0 

B 

DB 

1 

0 

1 

DB 

ZEROS 

1 

1 

0 

O's 

ONES 

1 

1 

1 

1*8 


| Merge Control j 

Mnemonic 

MRG 

Function 

F 

0 

0 

Pass F 

V 

0 

1 

Pass V 

F to V 

1 

0 

Merge F with V 

VtoF 

1 

1 

Merge V with F 


Figure 17. Merge Control Instruction 

The Mask Generator produces a mask which is used by the 
Merge Unit. It can be used to select the RAM portsTor Q as a mask, 
or it can be used to generate a mask of a string of HIGH bits in a 
word of all LOW bits. There are seven SP pins to allow for control in 
the cascaded mode (64-bit operation of two devices). The width is 
provided by the Ws_o input pins. These operands can be used to 
select any width. The control lines MSK i _o select which source is 
used fa the Mask Generation (see Figure 18). 


| Mask Generator | 

Mnemonic 

MSK 

Source 

EXT 

0 

0 

Start and Width from Instruction 

INT 

E 

1 

T & Q Supply Start and Width 

T32 

i 

0 

T as a 32-Bit Mask 

Q32 

i 

1 

0 as a 32-Bit Mask 


Figure 18. Mask Generation Instructions 

The Zero Detect can be performed on the output of the ALU a 
the Merge Unit. The ZD line determines the source for the Zero De- 
tect. The ZSEL input steers the source of the Z bus between the out- 
put of the ALU or the Merge. When the output of the ALU is se- 
lected, data is allowed to be brought in through the Y bus pins and 
used in the ALU via the SMUX or written into the RAM via the T port. 
Alternatively, data could be passed through the Merge Unit by us- 
ing an all zero mask to select the VMUX (see Figure 19). 


Zero Detect Source j 

Mnemonic 

ZD 

Source 

F 

0 

F Bus 

Y 

1 

Y Bus 


Z BUS Source j 

Mnemonic 

ZSEL 

Source 

F 

0 

F Bus 

Y 

1 

Y Bus 


Figure 19. Zero/Z Bus Instructions 
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SPECIAL INSTRUCTIONS 

The IDT49C404 supports a group of operations called Special 
Instructions (see Figure 20). These are instructions which require 
control over special internal connections beyond that provided by 
the standard set of control inputs. Special Instructions are 


achieved by setting the ALU control field to the binary value 101. 
The VSEL 2-0 and MRGi_o inputs then select which Special In- 
struction is to be executed. The suggested layout of the microword 
is shown below, as well as a table of the Special Instructions and 
their opcodes. 


| Special Instructions (ALU = 101) | 

Mnemonic 


VSEL 

Function 

Operands 

UMLT 

00 

000 

Unsigned Multiply 

A. B, T 

TMLT 

00 

001 

Two’s Complement Multiply 

A. B.T 

TMLTL 

00 

010 

Two's Complement Multiply Last Cycle 

A, B, T 

DIVF 

00 

01 1 

First Divide 

A. B, T 

DIV 

00 

100 

Second Divide 

A, B,T 

DIVL 


101 

Last Divide 

A. B.T 

PRF 

00 

1 1 0 

Prioritize First Cycle (32 Bits) 

S, Mask 

PRS 

00 

1 1 1 

Prioritize Second Cycle (64 Bits) 

S 

INC 

01 

000 

S + Imm (7-Bit) + Qj 

S, Imm 

DEC 

01 

001 

S - Imm (7-Bit) - 1 + Co 

S, Imm 

LDI 

01 

010 

Load T with Imm (16-Bit) 

16-Bit Imm 

LDC1 

01 

01 1 

Load Cl from Z Bus 

S 

LDC2 

01 

1 00 

Load C2 from Z Bus 

S 

EXCHG 

01 

1 0 1 

Exchange RAM Locations 

DA. DB 

LDAB 

01 

1 1 0 

Load DA into B Address 

DA 

LDBA 

01 

1 1 1 

Load DB into A Address 

DB 

SMAGT 

1 0 

000 

Sign Mag/Two’s Comp Conversion 

S 

PROGS 

1 0 

001 

Program Slice 

! 


Figure 20. Special Instructions 


0 


39 38 

E5E 

35 34 

j^J 

32 28 

27 23 

22 17 

16 14 

13 12 

11 10 

SB 

6 5 

tm 

ESI 

OEy 

<3E- b 

MSEL 

NSEL 

SSEL 

MASK 

GEN 

ML 

FUNNEL 

SHIFTER 

WIDTH 

START 

TSEL 

ALU 

MRG 

VSEL 

ZSEL 

ZD 

ASEL 

BSEL 

§§ 


16-BIT IMMEDIATE FIELD 


SPECIAL INSTRUCTION 
FIELD 




| 7-BIT IMMEDIATE FIELD 


NOTE: 

SP6 and SP5 must be connected together and W5 must be connected to ground. 

Figure 21 A. Example of Instruction Flold for a 32-bit System 


0 


41 40 

39 38 

37 36 


34 30 

29 24 

23 17 

16 14 

13 12 

11 10 

BE 

6 5 

tm 


OEy 


MSEL 

NSEL 

SSEL 

MASK 

GEN 

ML 

FUNNEL 

SHIFTER 

WIDTH 

START 

TSEL 

ALU 

MRG 

VSEL 

ZSEL 

ZD 

ASEL 

BSEL 

WEa 

WEb 

WEt 



X 

XI 


SPECIAL INSTRUCTION 
FIELD 


16-BIT IMMEDIATE FIELD 


| 7-BIT IMMEDIATE FIELD 


[X] Not used for 7 and 16-bit immediate 


Figure 21 B. Example of Instruction Flold for a 64-bit System 
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Figures 21 A & 21 B show the Special Instruction field as well as 
two immediate fields. Several of the Special Instructions utilize im- 
mediate operands (7 bits or 1 bit) which are provided from 
microcode. The 7-bit immediate field is provided by the start posi- 
tion, while the 16-bit field is provided by the start, width and funnel 
control fields. 

Some of the Special Instructions have special considerations 
when executed in the expanded 64-bit architecture. See the Ex- 
pansion Mode section. 

PROGRAM SLICE 

The IDT49C404 can be expanded to a 64-bit system using two 
devices (see Figure 22). To configure a 64-bit system, there must 
be appropriate interconnect. Also, the “program slice” instruction 
must be executed to indicate two slices and their positions. 

Programming slice number and position is done by executing 
the Special Instruction “program slice” (see Figure 20). The num- 
ber of slices comes from the width pins (0 or 1) and the slice posi- 
tion from the Co input (slice 0 if Co is grounded and slice 1 if Co is 
high) because each slice raises its carry-out pin (C31). For exam- 
ple, to program the 64-bit mode, ground the carry in line (Co) and 
place the value “000001" on the width input pins. 


Proper expansion interconnect will satisfy the requirements of 
device intercommunication for such things as a proper status flag 
generation, funnel shift cascade and special instructions like di- 
vide, multiply and prioritize. The status flag outputs (Com, N, 
OVF) are tri-state outputs which turn on depending on which de- 
vice has the appropriate information. During divide and multiply, 
the status flags provide the shift linkage for shifting one bit at a time. 
The carry-out of the 32nd bit of the ALU is connected to the carry-in 
of the first bit position of most significant slice. When RAM ports 
Q and T supply the start and width information, the SP and W pins 
are used to transmit the information from the least significant de- 
vice to the most significant device. While this is happening, the 
pipeline register (which supplies external start and width) must be 
put in the Hi-Z state. During these operations, the 7 pins of the SP 
bus provide the start position, while the 6 pins of the W bus provide 
the width position. 


MSS 

IDT49C404 

Co C 31 


LSS 

IDT49C404 

Co 


LOW 

W 5-0 ‘ 


1 w M 


T 


-ooooor 


Figure 22. Programming 64-Btt Mode 
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Pipeline Register 



32 


Upper 

Lower 


Upper 

Lower 


Figure 23. 64-Blt Configuration of Two Cascaded IDT49C404# 


The 32-bit DA and DB buses of each device are taken in parallel 
to form two 64-bit buses. When the Funnel Shifter is being used, the 
DA and DB buses perform 32-bit swaps between the internal RAM 
of one device and the Funnel Shifter inputs of the other device. 
Therefore, two sets of transceivers must be provided to connect the 
lower 32 bits of the DA bus with the upper 32 bits of the DB and, 
conversely, for the other 32 bits of the upper DA and lower DB. 

MULTIPLY 

The IDT49C404 provides three Special Instructions to perform 
unsigned and signed two’s complement multiply. These instruc- 
tions work on a bit-by-bit basis. To use this instruction, the word 
addressed by the B port must be zero, the multiplier is addressed 


by the T address lines and the A address lines indicate the location 
of the multiplicand. After performing the multiplication operations 
several times, the resulting product will be stored in the locations 
addressed by the B and T ports. The word addressed by B is the 
32 most significant bits and T is the 32 least significant bits of a 
64-bit result (see Figure 24). There are no external connections re- 
quired for 32-bit operations. For 64-bit configurations, external 
connections are required as shown in Figure 25. 

To perform unsigned multiplication, the unsigned multiply in- 
struction is executed 32 times. In order to perform signed multipli- 
cation the signed multiply instruction is executed 31 times, fol- 
lowed by one cycle of the “Two’s Complement Multiply Last 
Cycle’. 


14 
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RAM A RAM B RAM T 



Figure 24. Multiply Operation 



Figure 25. Multiply Operation In a 64-Bit System 

TWO’S COMPLEMENT DIVISION 

Three Special Instructions are provided for division which im- 
plementthe non-restoring division algorithm. The B and T address 
inputs select the 64-bit dividend and the A address port Identifies 
the 32-bit divisor. The quotient will end up in the location ad- 

RAM A RAM B RAM T 

Before 

After 

31 0 63 0 

Figure 26. Two's Complement Division Operation 



dressed by T, while the remainder is in the location addressed 
by B (see Figure 26). For 32-bit systems, no external connection 
is required. For 64-bit configurations, external connections are re- 
quired. (see Figure 27). 
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Figure 27. Divide Operation In a 64-Bit System 


To perform 32-bit division, the “First Divide’ instruction must be 
executed once followed by 30 cycles of the “Second Divide" in- 
struction and, finally, one cycle of the “Third Divide” or last divide 
instruction. 

PRIORITIZE 

The IDT49C404 contains a 32-bit priority encoder. It is used to 
produce a binary-weighted code to indicate the location of the 
highest order one bit in a 32-bit word. The input to the priority en- 
coder is from the SMUX. The Mask is used to determine which bit 
locations are eliminated from prioritization. The priority encoder 
generates a 6-bit binary output. 

The IDT49C404 provides two Special Instructions for prioritiz- 
ing. The first Prioritize instruction is used to perform the prioritizing 
on the operand provided by the SMUX. The result can be read on 
the Y lines or stored back in RAM simultaneous with the setting 
of the internal priority flag. The second Prioritize instruction is used 
to prioritize a 64-bit number in a 64-bit system. During the execu- 
tion of the Special Instruction “Prioritize 1", the result of the most 
significant slice is moved to the least significant slice by reading 
out RAM A of the most significant slice which must be connected 
through bus tranceivers to the DA bus of the most significant de- 
vice. At the same time, the internal priority flag of the most signifi- 
cant slice generated by the first Prioritize instruction is transferred 
to the least significant slice by using the ZF pin. When the ZF pin of 
the least significant slice is high, the data on the DB lines is loaded 
into RAM A of the least significant slice. When the ZF pin is low, 
RAM A of the least significant slice is unchanged. A zero is loaded 
Into RAM A of the most significant slice. 


INCREMENT/DECREMENT IMMEDIATE 

There are two instructions provided for increment or decrement 
with an immediate value. The 7-bit immediate value is provided by 
the Wo, SP5-0 pins. The value to be operated on is supplied by the 
SMUX, controlled by the SSEL2-0 input lines. 

THE LOAD INSTRUCTION 

The IDT49C404 provides a Special Instruction for loading data 
into the Tin port. This instruction is used to load a 16-bit binary 
number into the least significant 1 6 bits of RAM location whose ad- 
dress is applied at the T address port. The most significant 16 bits 
are not affected by the execution of this instruction. The 16-bit im- 
mediate value is supplied by the FUN 4-0, W5-0 and SP6-0 pins. 
A 32-bit constant can be loaded by the Shift/Merge of two 16-bit 
loads. 

LOAD Ci AND C 2 

Two instructions are supplied to load the registers Ci and C 2 
from the output of the ZMUX. When executing these instructions, a 
32-bit word can be loaded through the Y pins via the ZMUX (with 
ZSEL = 1) or from the SMUX (controlled by SSEL2-0) via the 
ZMUX (with ZSEL = 0). 

LOAD DA TO B OR DB TO A 

These two instructions route DA input into the Bin port of the 
RAM and, conversely, the DB bus into the Ajn port. This allows 
for crossover of the DA and DB buses with respect to the A and B 
address. 
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SIGN/MAGNITUDE TWO’S COMPLEMENT 

This Instruction converts between sign magnitude or two’s com- 
plement representation. The most significant bit is used to deter- 
mine the operation. If the most significant bit is zero, the operand 
selected by the SMUX is passed unaltered. If it is a one, each bit 
in the operand Is inverted and a one is added, resulting in a two’s 
complement operation. 


EXCHANGE 

This instruction swaps the contents of the two RAM locations ad- 
dressed by A and B. 
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SERIAL DIAGNOSTICS 

As I.C.S become more complex and more integrated, additional 
consideration must be given to in-system testing and verification. 
IDT has addressed this increasingly important issue with Serial 
Protocol Channel. 

The Serial Protocol Channel (SPC) is a flexible on-chip feature 
of the IDT49C404 which can be brought into use to monitor and 
control the operation of both the IDT49C404, as well as the inter- 
face hardware. It consists of four pins by which data can be entered 
into and extracted from a device through a serial data input and 
output port. Addresses and commands can be inserted into the de- 
vice for stimulating and monitoring not only internal hardware, but 
the system bus and device I/O pins as well. SPC can be used at 
many points in the life of a product for diagnostic purposes such as 
system level design debug and development, system test during 
manufacturing and field maintenance debug and test. 


The SPC has been optimized for a minimum number of pins with 
maximum flexibility. It consists of four pins: 

• Serial Data Input pin (SDI) for inserting data and command 
strings 

• Serial Data Output pin (SDO) for extracting information from 
the device 

• Serial Clock pin (SCLK) for clocking the information 

• Command/Data Mode pin (C/D) to identify commands from 
data. 

Figure 28 shows the internal architecture of the SPC on the 
1DT49C404. Its primary logic blocks consist of the Serial Com- 
mand and Address/Data registers, the XFER strobe logic, the 
Command Decode logic and the I/O pads scan circuitry. The 
Command Register holds the command which controls the data 
paths and generates the signals necessary to exercise the hard- 
ware in the device. 



Figure 28. SPC Architecture on the IDT49C404 


The Address/Data registers hold the RAM address/data and the 
data obtained after the diagnostic commands are executed. The 
I/O pad circuitry consists of scanning flip-flops that permit monitor- 
ing the state of the device pins, as well as simulating external con- 
ditions on these pins. 

SHIFTING AND EXECUTION OF COMMAND AND 
DATA 

An SPC operation is performed in four distinct phases: 

1. data is shifted in, 

2. command is shifted in, 

3. command is executed, and 


4. data is shifted out. 


Information is shifted into the device under two phases of opera- 
tion. In Phase 1 , the C/D line is LOW and the data bits are shifted 
into the device. In Phase 2, the C/D line is HIGH and the command 
bits are shifted into the device. 

During the Data Phase, data is simultaneously shifted into the 
serial data register, while the information from the data register is 
shifted out. During the Command Phase, opcode-type information 
is shifted through the serial ports. The command is executed when 
the last bit is shifted in and the C/D line is brought low. The execu- 
tion phase is ended with the next serial clock edge. Figure 29 
shows the sequence of events during a command execution. 
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Figure 29. Pha&es of Executing SPC Commands 


There is an intema[signal called XFER which is generated from 
the SCLK and the C/D inputs. XFER is used both as an enable and 
a strobe. It begins with C/D transitioning from HIGH to LOW and 
ends with the next rising edge of SCLK. The strobe is then used to 
gate the decoded command register. The decode can be thought 
of as a one-of-N type decode. In this way, individual strobes and 
enables are generated which can be used to drive multiplexers and 
control registers/latches. In all devices there is a no-operation op- 
code (NOP) consisting of all command bits HIGH, which prevents 
the generation of any strobes. 

With few exceptions, execution of the Serial Protocol com- 
mands can only be performed on devices which are currently in 
their standby mode. Each device has a unique standby mode. For 
MICROSLICE"" family devices, standby is when the system clock 
is stopped in the high state, guaranteeing that the RAM, latches 
and registers are not being accessed. 

The above restriction does not apply to shifting command and 
data information through an active device into another device in its 
standby mode. The active device can be put in a NOP mode and 
this information shifted through without affecting its normal opera- 
tion. When the commands (and data) reach their respective de- 
vices and execution is signaled by the lowering of the C/D line, 
those devices with a NOP opcode in their serial command registers 
will not generate internal strobes, thus leaving their current status 
undisturbed. 

SPC permits a variety of diagnostic operations. It not only in- 
cludes the ability to observe and modify the register files and key 
buses, but can also scan data out of the I/O pad cells which are 
connected to the pins of the device. In this way, by knowing the 
state of internal and external device connections, the state of the 
system surrounding the device can be monitored. 

CASCADING SPC DEVICES 

To the user, the SPC inside each device appears as two serial 
shift registers in parallel: one for command and the other for data, 
as shown in Figure 30. The serial clock shifts data while the com- 


mand/data (C/D) line selects which register is being accessed. 
The serial command register is used to control loading of data 
between the serial data register and other storage elements in the 
device. 



Figure 30. Basic SPC Structure 


SPC also incorporates the feature of cascading an unlimited 
number of devices. By connecting the SDO pin of one device to the 
SDI pin of the next device, cascading of multiple devices with SPC 
becomes straightforward and simple. Figure 31 illustrates three 
cascaded devices. 

In the Cascade Mode, the serial clock and the command/data 
line of each of device is connected in parallel. In this way, a mini- 
mal number of connections are made between successive SPC 
devices. To enter a command or data into the third device, the data 
must be shifted through the previous two devices. The data for 
each device must be entered in order of position in the ring through 
the first serial input. On the last shift clock, all of the data for each 
device will have reached its final destination. 

The command registers for cascaded devices can be viewed 
as one long virtual microprogram command word, where each 
field corresponds to the individual command bits of each device. 
Similarly, the data register can be viewed as one continuous virtual 
data register, with each field corresponding to the data bits for each 
device. 
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C/E 



SPC ON THE IDT49C404 

The IDT49C404 accommodates a variety of diagnostic opera- 
tions. It not only includes the standard Serial Protocol Channel, but 
also the ability to scan data out of the I/O pad cells which are con- 
nected to the pins of the device. In this way, the state of external 
connections can be observed, thus giving status information about 


the system surrounding the IDT49C404. The scan path through the 
I/O pad cells is in series with the serial data register. 

Figure 32 illustrates the four pins (SDI, SDO, SCLK, and C/D) 
used to serially access the I/O pad cells, as well as the internal ALU 
registers and buses of the IDT49C404. 



The block diagram in Figure 33 shows the detailed SPC archi- 
tecture for the IDT49C404. It consists primarily of Serial Registers 
for Command, Data and Addresses and decode/control logic. The 
Serial Command Register consists of a 4-bit field (signals 3-0) 
which decodes 1 6 possible instructions. The 4-bit field coordinates 
the transfer of data between the RAM and the Serial Data Register, 
as well as controls an on-chip break detect mechanism. 


In parallel to the path through the Command Register is a path 
going through a RAM Address Register, parallel-to-serial Data 
Register and the I/O pad scan. The Serial Data Register is con- 
nected to the internal bus to gain access to the RAM register file 
and the data break point circuitry. 
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Figure 33. Internal Organization of tho SPC 


READING DATA 

To read data from the IDT49C404’s Internal RAM or other logic 
circuitry into the Serial Data Register, the Address and Don’t Care 
bits (for the Serial Data Register) are shifted in. The command is 
shifted into the Serial Command Register. The Command Register 
must be decoded to determine what data paths are to be steered in 
orderto get data into the Serial Data Register. The read strobe gen- 
erated by the strobe logic must then strobe this data (in parallel) 
into the Serial Data Register. The data can now be shifted out via 
the SDO pin and its contents disassembled and observed. 

WRITING COMMAND/DATA 

To perform the write operation, address and data must first be 
shifted into the Serial Data Register. The command is then entered 
into the Serial Command Register via the Command Phase. This 
register provides information as to what data paths are to be 
steered. The address is supplied by the Address Register in the 
data scan path. The write strobe is then generated between the 
time the C/D line is lowered and the SCLK line is raised. This is the 
strobe which actually clocks the data into the RAM or register in the 
device. 

I/O PAD SCAN PATH 

Each I/O cell on the IDT49C404 contains a flip-flop which can 
be used to store the state of that cell and then be scanned out. Fig- 
ure 34 shows the logic configuration. The flip-flop in the I/O cell is 
loaded each time an SPC command is executed via the XFER sig- 
nal, thus loading the scan flip-flops in parallel. The SCLK is then 
used to scan the data out the SDO pin, in series with the Address 
and Serial Data Registers. 


SDO 



Figure 34. Serial Scan In the I/O Cell 

The Set Bypass and Clear Bypass commands control a mode 
flip-flop which determines whether the I/O cell scan-path flip-flops 
are scanned out or not. The Clear Bypass command enables the 
scanning out of the RAM address, serial data and I/O cells. The Set 
Bypass command disables the scanning out of I/O cells such that 
only RAM address and serial data are shifted out. 

SPC COMMAND OPCODES 

The Serial Command Register consists of a 4-bit field as shown 
in Figure 35. The 4-bit command opcode field gives sixteen possi- 
ble command opcodes. The first eight are reserved for writing data 
from the Serial Data Register into the registers and RAM on the de- 
vice. The second eight opcodes are reserved for reading data from 
internal registers or RAM into the 32-bit Serial Data Register. 
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COMMAND OPCODES 

OP CODE 

FUNCTION 

0 

Write RAM 

1 

Write Break Control 

2 

Write Break Data 

3 

Reserved 

4 

Reserved 

5 

Reserved 

6 

Set Bypass 

7 

Clear Bypass 

8 

Read RAM 

9 

Read Break Control 

10 

Read Break Data 

11 

ViewZ 

12 

Reserved 

13 

Reserved 

14 

Reserved 

15 

NOP 


Serial Command Register 
3 1 2 1 1 1 0 


COMMAND 

OPCODES 


Figure 35. Serial Command Register and Opcodes 


SPC COMMAND OPCODES 

The Serial Command register consists of a 4-bit field shown in 
Figure 35. The four bit opcode gives 16 possible instructions. The 
first eight are for writing data from the Serial Diagnostic Registerto 
the RAM or other register destinations. The second eight opcodes 
are for reading data from internal registers or the RAM into the Se- 
rial Data Register. The Serial Data Register is a 38 bit Register; 6 
bits for RAM address and 32 bits for data. 

Opcode 0 executes a write RAM operation. Opcode 1 is used 
to write to the Break Point Cmd registers. Opcodes 2 writes the 
Break Point Data register. Opcode 6 sets the bypass register, by- 
passing the I/O cells when shifting SPC data; and opcode 7 clears 
the bypass. 

Opcode 8 reads the contents of the RAM. The RAM address is 
supplied by the Serial Diagnostic Register. Opcodes 9 and 10 are 
used for reading the Break Control Register and the Break Data 
Register, respectively. Opcode 1 1 is used to strobe data from the Z 
bus into the 32 bit diagnostics data register. Opcodes 1 2, 1 3 and 1 4 
are reserved opcodes. The last opcode, 15, is a no-operation op- 
code. This opcode can be used to scan the data in and out of the 
I/O pad cells and use the device in a pass-through mode (in a cas- 
caded application) without affecting normal device operation. 

All the reserved opcodes if executed perform a no-operation, 
however they should not be relied upon to always perform NOPs as 
future upgrades may make use of reserved opcodes. 

The command with Opcode 0 causes a write to the internal de- 
vice RAM. Opcode 1 is used to write to the Q registers. Opcodes 2 
and 3 are used to write data from the Serial Data Register into the 
Break Data Register and Break Control Registers, respectively. 
Opcodes 4 through 7 are reserved opcodes. 

Opcode 8 is the first opcode used for reading data into the Diag- 
nostics Register. It is called Read RAM. The RAM location address 
is supplied by the scan path in the input pad cellsfortheT port. The 
address, therefore, must be scanned in. Opcodes 9 and 10 are 
used for reading the Break Control Register and the Break Data 


Register, respectively. Opcode 1 1 is used to strobe data from the 
Z bus into the 32-bit diagnostics Data Register. Opcodes 12, 13 
and 14 are reserved opcodes. The last opcode, 15, is a no-opera- 
tion opcode. This opcode can be used to scan the data in and out 
of the I/O pad cells and use the device in a pass-through mode (in a 
cascaded application) without affecting normal device operation. 

All the reserved opcodes if executed, perform a no-operation. 
However, they should not always be relied upon to perform NOPs 
as future upgrades may use reserved opcodes. 

BREAKPOINT DETECTION CIRCUITRY 

Figure 36 shows the diagnostics break point detection circuit on 
the IDT49C404. This circuit is designed to allow the user to monitor 
certain key data buses and detect the data patterns on the Z and S 
buses. When a data pattern is detected, a breakpoint compare sig- 
nal is generated on the DCMP pin and is used to halt the system 
operation. The DCMP is an open drain signal and should be wire- 
ANDed with DCMP lines of other similar devices and monitored by 
the main sequencer in the system. Thus, the break point detection 
mechanism allows for an easier debug of microcode with regard to 
the data path. 

BREAKPOINT DETECT MECHANISM 

At the heart of the break point detection circuit is a comparator 
which compares data from the Break Data Register with data from 
either the Z bus or the S bus. The Break Control Register deter- 
mines which of the two buses is selected for a comparison. The 
Break Control Register also steers a multiplexer at the output of the 
comparator. This multiplexer selects between the equal-to signal, 
latched-equal-to, Vcc or GND. The latched-equal-to input into the 
multiplexer gives the user the ability to pipeline the match signal, 
shortening the system cycle time in the diagnostics mode. The 
Vcc and GND inputs to the multiplexer allow the programmer to 
disable the break compare feature by forcing the DCMP pin either 
HIGH or LOW, respectively. 
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When a match is made the DCMP line goes HIGH. Thus, if any 
one slice In a cascade application does not match, the wire-ANDed 
DCMP will be LOW. Selecting GND via the multiplexer will disable 
matches altogether. Selecting Vcc. disables that particular slice 
from the comparison. 

Figure 37 shows the format of the Break Data and Break Control 


Registers. The Break Data pattern is 32 bits wide, with bit 31 being 
the most significant bit and last to be shifted in. The Break Control 
Register contains three fields. BitsOand 1 control the DCMP output 
and bit 2 selects between the Z and the S bus to be compared with 
the Break Data Register. Bits 3 to 31 are reserved for future 
expansion. 


z s 



Figure 36. Breakpoint Detect Circuitry 
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Figure 37. Break-Point Control Registers and Opcodes 
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BASIC SPC APPLICATION 

The block diagram in Figure 38 shows the Serial Protocol Chan- 
nel being used with a writable control store in a microprogrammed 
design. The control store can be initial ized through the SPC path. A 
register with SPC is used for the instruction register going into the 
IDT49C410 (16-bit microprogram sequencer), as well as data reg- 
isters around the IDT49C404. In this way, the designer may use the 
Serial Protocol Channel to observe and modify the microcode read 
from the writable control store, and also observe and modify data 
and instructions in the system. 

Access to the SPC on the user’s system could be obtained using 
two possible approaches: 

1 . Interface the parallel I/O ports of a development system (such 
as an IBM PC or a PC-compatible) directly to the SPC lines. 

2. Use a user-system processor to initiate and control the diag- 
nostics via SPC. 

Host Development System 


Main 

Processor 


When using the parallel port, the PC contains the monitor pro- 
gram required to generate the protocol for the SPC lines and sup- 
ply the diagnostic information to the SPC hardware. This would al- 
low the PC to be used not only as a development station, but also 
as a test and debugging tool. Figure 39 shows the set-up of a user’s 
system. Microcode development is done on the host PC. The par- 
allel interface connects the PC to the user’s system via the four di- 
agnostics pins, SDI, SDO, SCLK and C/D. The monitor program 
would allow entering the data and addresses, exercising the com- 
mands and extracting and displaying the data from each device in 
the SPC ring. 


High-Performance Microprogram Application 



Figure 38. Typical Microprogram Application with SPC 
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User System Hardware 
Figure 39. A PC-Based User System 
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Alternately, a processor on the user system could be used to 
generate the SPC signals and perform such functions as Writable 
Control Store initialize and power-up diagnostic operations. This 
could be the host processor ora dedicated control processor. Fig- 
ure 40 shows a system where a dedicated processor is used to in- 
itialize and control the SPC diagnostic operations over the entire 
system. 

Another method would be to use a diagnostics interface board to 
communicate with the SPC. To access the SPC through this inter- 
face board, the PC would serve as a host, transmitting diagnostic 
information directly to the user’s hardware. The interface board 


generates the signals to operate the SPC in the user’s system. The 
ability to be used, not only for system diagnostics but also as a de- 
bug tool, is the primary advantage of the SPC scheme. 

TAKING ADVANTAGE OF DIAGNOSTICS 

IDT’s innovative Serial Protocol Channel has been architected 
in such a way that it can be easily implemented in many different 
applications. The cascading feature on the SPC not only allows a 
complete system debug and test, but specific blocks of logic can 
be tested by breaking the test program loop into multiple mini- 
loops, thus performing much tighter diagnostic checks. 


Memory Address Bus 



SPC Diagnostics Bus 

Figure 40. A Dedicated SPC Controller for a Complex Digital System 


Finally, as chip technologies continue their push towards more right tool for enhancing and simplifying in-circuit testing and diag- 

heavily integrated VLSI architectures, IDT has responded with the nostics-the Serial Protocol Channel. 


CEMOS, SYSTEM-SLICE, SPC and MICROSLICE are trademarks of Integrated Device Technology, Inc. 
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by Michael J. Miller 


INTRODUCTION 

Due to their high bandwidth and message access flexibility, 
dual-port RAMs are used to link multiple high-performance proc- 
essors and systems. Integrated Device Technology makes dual- 
port RAMs of many configurations, all of which consist of one RAM 
with two sets of address, data and control signals. This allows two 
processors to share the same block of physical memory in their re- 
spective address spaces. The two processors can access data in 
two memory locations simultaneously and asynchronously. This 
approach clearly outperforms a discrete parts design where two 
processors must synchronize through arbitration for access to a 
bus which is used to access one location at a time in a standard 
single-port RAM. 


DUAL-PORT 

RAM 

IDT7130 

IDT7132 

IDT71322 

IDT7134 

IDT71342 


Figure 1. Dual-Port RAMs Link High-Performance Processors 

IDT’s dual-access approach removes synchronization require- 
ments at the memory’s bus access level. Nevertheless, synchroni- 
zation must be performed at other levels to ensure data integrity 
and proper system operation. This application note addresses sev- 
eral approaches to solving the mutual exclusion problem and 
gives a detailed discussion of the semaphore capability provided 
by the IDT71322 and IDT71342. 

Arbitration 

Consider a multiple-processor system where each processor 
has access to the same data. Arbitration schemes are necessary to 
resolve the situation when multiple processors want the same 
piece of data at the same time. Different approaches to the arbitra- 
tion issue have different tradeoffs and are best-suited for different 
applications. These solutions vary from no arbitration, hardware 
solutions, and software solutions, to combinations thereof. 

Seemingly, the simplest solution is to employ no arbitration at 
all. This approach works if the application guarantees that two 
processors will not access the same location simultaneously or, if 
they do, then the indeterminate results are acceptable. Sometimes 
handshaking can be employed through I/O ports or interrupt 
mechanisms. This approach provides a high-performance, low- 
overhead design but is restricted to certain applications. If arbitra- 
tion is not required, the IDT7134 can be used. It is a 4K x 8 dual-port 
RAM with no arbitration. This part can also be used in large dual- 
port designs where one hardware arbiter is used for a whole array 
composed of many IDT7134S. The interrupt handshake mecha- 
nism can be achieved by using the IDT7130/7140. 


Most applications cannot sacrifice data integrity and utilize the 
dual-port memory as a collection of individual memory locations 
which require a finite access time. In this case, arbitration at mem- 
ory location resolution is required. The IDT7130/7132 use an ad- 
dress comparison mechanism which provides a BUSY signal at 
both sides. When the two processo rs try to access the very same 
location, the arbitration asserts the BUSY signal to the processor 
which attempted access last. When access attempts are within 5ns 
of each other, a side is chosen arbitrarily. The BUSY outputs are 
suitable for attachment to the READY inputs of most microproces- 
sors. This approach is very straightforward and flexible and has the 
benefit that a processor cannot be locked out of the RAM longer 
than the access period of the other processor. 

The features of the I DT71 30/71 32 that make them a superb solu- 
tion in many design s may create problems in other applications. 
The fact that BUSY lines are used and that arbitration resolution is 
at the level of individual locations can be a major limitation in some 
instances. Many significant controllers, such as the 8031 and 8051, 
are not equipped with READY input pins. Of those that are 
equipped, a penalty is often paid in the hi gher performance ver- 
sions if they require “seeing” the BUSY signal faster than the 
IDT7130 /7132 can supply it (16MHz 68020 requires 25ns A§ to 
DSACK). In these cases, wasteful wait cycles are required. In other 
applications, software constraints may require mutual exclusion at 
the software data structure level rather than at the memory cell lo- 
cation level. For this reason, Integrated Device Technology devel- 
oped the IDT71342 and IDT71322. 

Instead of compar ing addresses on every cycle, and occasion- 
ally asserting BUSY status, the IDT71342 and IDT71322 employ 
circuitry to support a software mechanism called semaphores. 
Here, every memory cycle is equally as short as the next and arbi- 
tration is handled at the software level. 

The semaphore concept was pioneered by E.N. Dijkstra in 
1968. He developed a test and set approach for single processor 
multi-tasking systems. The task tests a memory location (a sema- 
phore) for a particular value and, on the next cycle, the task sets the 
same location a unique value. If the semaphore was already set, 
then the current task knows that another task has access. If the 
val ue was not present, then the task knows that it has permission to 
proceed and all other tasks are blocked because the semaphore is 
not set. Only one task at a time has permission via the semaphore. 
Semaphores are used like locks to resources such as disk buffers, 
message queues, critical code sections, shared access to commu- 
nication controllers, etc. 

Because the test and set operation requires that the two memory 
accesses are indivisible in time, the IDT7130/7132 will not support 
semaphores for many processors and systems. This occurs be- 
cause one processor may test the semaphore and, before it can set 
it, the other processor might test it, too. In this case, both proces- 
sors “believe" they have the semaphore. The IDT71342/71322 em- 
ploys a twist by using set and test. The “set” corresponds to a re- 
quest and the “test” checks to see if the request was granted. The 
indivisible double access requirement is avoided because, as 
soon as a request is made by one processor on one side, the grant 
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is blocked on the other side. Some processors support test and set 
operations through a read/modify/write operation, but the memory 
bus design must support the processor in such a way that the ad- 
dress and the chip select remain constant. When the test and set 
instruction is used, arbitration must take place. As will be seen, 
semaphore operation without hardware busy arbitration has many 
advantages. 

The IDT semaphore scheme employs a software/hardware ap- 
proach which provides a secure method of resource allocation 
with the flexibility of software configuration and control and the 
resolution of hardware. Since there is no hardware relationship be- 
tween semaphores and dual-port memory locations, the block 
sizes, locations and semaphore association are defined by the 
software. The semaphores can also be used to allocate other re- 
sources such as I/O devices. This offers the system designer con- 
siderable flexibility. 

As an example, dual-port RAM might be shared by a disk con- 
troller processor and a host processor. When the controller is ac- 
cessing a buffer in memory (e.g. when writing a sector in a track), 
the main processor cannot be allowed to interrupt or delay the con- 
troller. By setting the semaphore, the controller has exclusive ac- 
cess to the disk buffer. When done.it releases the semaphore and 
therefore provides access to the disk buffer by the processor on the 
other side. 

Because the processors must test and set a semaphore with 
multiple bus cycles, the semaphore arbitration scheme has a 
longer arbitration latency than the address comparison scheme. 
Since arbitration is most often used for access to multiple locations 
in memory the overhead can be amortized across multiple ac- 
cesses. In systems that require mutual exclusion of access to data 
structures over a period longer than one memory cycle, this trade- 
off is irrelevant. 

Functional Description of the IDT71 342/71 322 

The IDT71342 is a fast dual-port 4K x 8 CMOS static RAM with 
semaphore logic, packaged in a 52-pin PLCC and LCC. The 
IDT71322 is a 2K x 8 dual-port packaged in a 48-pin DIP and a 
52-pin PLCC/LCC. The semaphore logic can be used to allocate 
portions of the dual-port RAM to one side or the other and is used i n 
place of the address arbitration logic used in other dual-port de- 
signs. Semaphores are software-controlled. Therefore, this ap- 
proach provides several advantages including allocation o f multi- 
ple blocks of arbitrary size and no processor WAIT states or BUSY 
logic. 
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Figure 2. Functional Block Diagram of Dual-Port RAM 
with Semaphores 

Like other IDT dual-port RAMs, the IDT71342/71322 allow ac- 
cess to a common set of RAM cells from two independent ports. 
Each port is functionally identical to that of a conventional static 


RAM. Both ports are completely independent and asynchronous 
in operation. Reading or writing on one port does not affect the op- 
eration or timing of read/write operations on the other port. Unlike 
the 1DT7130/7132, the IDT71 342/71 322 do not employ hardware 
arbitration which blocks write access. If one port is writing to a loca- 
tion while the other port is reading that same location, the data will 
change during the read. If both ports attempt to write to the same 
location at the same time, the result will be some combination of 
the two data words being written. If both ports are reading, how- 
ever, there is no interaction because the data does not change. 

How the Semaphore Flags Work 

The semaphore logic is provided by a set of eight latches. These 
latches can be used to pass a flag, or token, from one port to the 
other to indicate that a block of RAM is in use. The internal circuitry 
prevents the flag from being passed in both directions at the same 
time. The semaphores provide a hardware assist for a use-assign- 
ment method called “token passing allocation”. In this method, the 
state of the semaphore latch is used as a token indicating that a 
block of RAM is in use. If the processor on the L port wants to use a 
block of RAM, it attempts to set the latch, requesting the token. The 
processor then checks the latch to see if it was successful in setting 
the semaphore. If it was, the processor proceeds to read and/or 
write in the block. If the processor was not successful in setting the 
latch, it means that the R port had set if first, has the token and is 
using the block. The L port then continues to test until it is success- 
ful, indicating that the R port has released the token and is no 
longer using the block. 

The semaphore logic is independent of the dual-port RAM. 
These eight latches can be acces sed from either port by enabling 
the semaphore chip enable (SEM = LOW), which is separate from 
the RAM chip enable. When the semaphore logic is enabled on a 
port, one of the eight latches can be read or written from that port. 
The latch is selected by the three least significant address pins for 
the port and the data for reading and writing uses the Do data pin. 

A semaphore latch Is read or written in the same manner as a 
RAM cell. The latch is written to a “1" or “0” by activating the sema- 
phore logic enable, selecting the latch with the three least signifi- 
cant address bits, activating the write enable and putting a “1” or 
“0” , respectively, on the Do data pin. The latch may be read by acti- 
vating the semaphore enable, selecting the latch, holding the write 
enable high and reading the data on Da For the user’s conven- 
ience, all eight of the data lines are set to the same value as Do dur- 
ing read. In other words, the data lines will contain all “1”s or all 
“0”swhen Doisa “1”ora “0”, respectively. In this way, branch zero 
testing can be employed. 

The semaphore read logic latches the readout state of the sema- 
phore flag during the read. This prevents the value seen by the 
reading port from changing during the read, even though the state 
of the latch may be changing internally due to write activity on the 
other port. The latch goes into the hold mode when both sema- 
phore enable and output enable are active. In order to see the latch 
change, either the semaphore enable or output enable must be 
disabled, and then enabled. This means that read operations must 
be cyclic; it is not possible to enable the semaphore and output en- 
able continuously and wait for the latch value being read to 
change. 

The semaphore logic is active low. An access token is re- 
quested by writing a “0” to the semaphore latch and is released by 
writing a “1”. To request a token, an attempt to write a “0” to the 
semaphore is made and the semaphore is read to determine if the 
“0” was successfully written. If a “O’ is read, the token request was 
granted. If a “1” is read, the request was denied and the other port 
has the token. 
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The critical case of semaphore timing occurs when both ports 
request the token by writing a “0” at the same time. The semaphore 
logic is specially designed to resolve this problem -if requests are 
made simultaneously, the logic guarantees that only one side re- 
ceives the token. In this case, the token assignment will be made 
arbitrarily to one port or the other. 


Figure 2 shows the internal logic circuitry for one semaphore 
“latch” cell. It is composed of multiple latches and cross-coupled 
AND gates which serve as an arbiter to guarantee that only one 
side at a time receives a grant signal. A typical sequence of sema- 
phore operations is listed in Table 1 . The Docolumns represent the 
logic value that would be read on that side. The “Request F/F”s are 
the internal flip-flops which store the state of requests. 



Figure 3. Simplified Diagram of One Semaphore Cell 


Function 

Left 

Right 

Status 

DO 

Request 

Request 

DO 

No action 

1 

1 

1 

1 

Semaphore free 

L port writes 0 

0 

0 

1 

1 

L port has token 

R port writes 0 

0 

0 

0 

1 

No change: L port keeps token 

L port writes 1 

1 

1 

0 

0 

Semaphore freed: R port gets it 

R port writes 1 

1 

1 

1 

1 

Semaphore free 

L port writes 0 

0 

0 

1 

1 

L port has token 

L port writes 1 

1 

1 

1 

1 

Semaphore free 


Table 1. Semaphore Function Table 


Use of Semaphores 

Semaphores provide useful solutions for various problems at 
both the hardware and software levels. The following selections 
highlight a few of the semaphore benefits which range from in- 
creasing performance to providing functionality not available with 
other designs. 

High-Performance Dual-Port Design 

To gain a deeper understanding of the trade-offs between sema- 
phore and non-semaphore dual-port RAM designs, the following 
example compares both approaches. Dual-port memory system 
design requires a key awareness of the microprocessor’s memory 


access time requirements. Figure 3 is a read cycle timing diagram 
of a 20MHz 68020. Two tim ings are critical: A 45ns address to data 
size acknowledge (DSACK) to guarantee no wait states and a 95ns 
address to data. It is also important to examine a typical design. 
Figure 4 shows the interface between a single processor and one 
side of the dual-port. For simplification, the other port interface was 
omitted from the drawing. This example shows the address bus 
which is decoded by a comparator (IDT74FCT521A) and an ad- 
dress decoder (IDT74FCT138A). The address interface chooses 
which dual-port RAM to enable. After the chip select is enabled, 
chip select address arbitration (only on the IDT7130/7132) and 
data access can begin. 
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Figure 4. Read Cycle Timing for 20Mhz 68020 


ADDRESS DSACK +5V DATA 



ADDRESS TOCS = 13ns 


Figure 5. Memory Interface to One Port of a Dual-Port 
RAM System 

In a tightly-coupled system (i.e., the 68020 processor and dual- 
port are on the same board), chip select can be generated from ad- 
dress in 13ns. In the best case, the data acknowledge is tied to the 
68020 through a NAND gate (to include other acknowledges). The 
NAND gate will introduce a nother 5n s delay. This leaves 26.9ns to 
generate the acknowledge (DSACK) and meet the 5ns setup time 
to guarantee that a wait state will not be inserted. In a less rigorous 
design where the dual-port and CPU are on separate boards, 10ns 
or more may be required for on/off board buffers and bus delay, 
etc. This leaves 16ns or less to generate acknowledge. 

Considering the timing constraints, the designer can choose 
from several options. In applications which require arbitration reso- 
luti ontothe memory cell level, 26.9ns is not enough time to gener- 
ate DSACK from CS using the IDT7130L55. One solution involves 


adding logic to the BUSY/DSACK path so that a wait state isalways 
inserted until the dual-port can respond with BUSY. This will slow 
down the system whenever the dual-port is accessed. If block arbi- 
tration or higher memory cycle performance are required, the de- 
signer should utilize the IDT71342/71322. This configuration 
would only be constrained to the 95ns address to data access ti me, 
minus any address and data buffertime. The IDT71342/71322 pro- 
vides high enough performance for use with the 25MHz 68020. 
Some software overhead is required for semaphore access but, 
given the fact that the semaphore arbitration is for a block of loca- 
tions, the arbitration latency can be amortized across multiple 
higher speed accesses. Consequently, the semaphore approach 
provides a higher performance solution if block arbitration is desir- 
able or acceptable. 

A Software View of Semaphores 

The dictionary defines semaphore as “signaling by flags." A 
semaphore is implemented as a specialized type of memory loca- 
tion which can be accessed by either processor in a dual-port de- 
sign. Two different operations are performed on the semaphore: 
the request operation which attempts to gain access and the re- 
lease operation which signals the termination of access. These op- 
erations are used to guarantee mutual exclusion, meaning that 
only one processor is accessing a resource at any given time. This 
occurs from the time a request is granted until the time that the 
semaphore is released. 



Flow Chart 1. Sequence of Operations on Semaphore to 
Guarantee Mutual Exclusion 

A semaphore is chosen which both processors associate with 
one resource. First the processor requests the semaphore by at- 
tempting to write a “0” to the semaphore location. Then it reads the 
location. If it receives a non-zero value (i.e. a “1”), it loops back and 
reads the semaphore location again. It will continue to read the lo- 
cation until it receives a “0”. The software may be written in such a 
way that useful work may be performed while waiting. When a “0" 
is read, the processor can access the resource for as long, and as 
many times, as desired. The processor must release the sema- 
phore when it is finished with the resource. This is achieved by writ- 
ing a “1” to the semaphore location. 
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Using Semaphores at the Software Level 

One example of where semaphores might be applied involves 
two processors working together to generate a video display for 
animated images. The “MASTER” processor generates a picture 
layout in the form of a display list. The “SLAVE” processor reads 

HIGH SPEED DUAL-PORT 
MEMORY WITH SEMAPHORES 



the display list, interprets it and generates an image in a display 
buffer. As the image is displayed, the video buffer is cleared. The 
displayed list is re-interpreted and displayed. If the display list is 
changed, the image appears as though it has moved, giving the 
illusion of animation. 



Figure S. Software Block Diagram of Video Display System for Animation 


A dual-port RAM is used to store the display list. The SLAVE in- 
terprets one display list repeatedly to generate the display buffer 
image, while the MASTER generates and updates another display 
list. The SLAVE processor continuously updates the video display 
buffer since the buffer is wiped clean when its contents are 
dumped to the video screen. 

In this particular application, the dual-port RAM is broken up into 
three areas. The first area contains common information concern- 
ing which display list is being accessed and which one is being 
updated. It is locked with the semaphore SEMO. Two buffers com- 
prise the other areas and are locked by semaphores SEMI and 
SEM2. At any given time one buffer is used for the display list cur- 
rently being interpreted and the other is used for the list being built. 
The common area stores the pointer which indicates which buffer 
is being updated. 

The key to the effectiveness of this approach lies at the software 
level. The flow chart for the master processor begins with a buffer 
request via a semaphore. Once granted, it builds a display list. 
Then it releases the buffer through the semaphore mechanism. 
Next it calls a routine to inform the SLAVE processor to switch over 
to the new buffer. It then loops back to request access to the other 
buffer. 

The SLAVE processor functions by first fetching the current 
buffer/number. Then it requests the buffer via the semaphore 
mechanism (involving SEMI orSEM2). Once the SLAVE gains ac- 
cess to the buffer, it builds the display from the list. After releasing 
the buffer, it goes back to fetching the current buffer/number. This 
is necessary because the MASTER processor may have switched 
buffers. Fetching the current buffer/number requires access to the 
common area which is achieved by obtaining the semaphore 
SEMO. After accessing the data, the SLAVE releases SEMO which 
allows the MASTER to come in and update the common area. 



Flow Chart 2. Sequence of Operations for Master Processor 
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Flow Chart 3. Sequence of Operations for Slave Processor 

The software code for the MASTER and SLAVE processors is 
listed on the following pages. It Is in the form of a pseudo-“C” lan- 
guage-type program. The request for a semaphore is made by the 
WHILE statements accessing a variable called SEM. The sema- 
phore is released by writing a “1" to that variable. 

Semaphores and Caches 

In high-performance dual-port systems, semaphores can be 
used with caches to achieve valid data synchronization. The use of 
caches is an established method of speeding up access betweena 
processor and main memory. Main memory may be slower due to 
the use of lower cost, higher density DRAMs or system bus latency. 
The cache operates by monitoring data transfer between the proc- 
essor and memory. When write operations are performed, the 
cache remembers the data and location. When a read is performed 
it compares the address of the request with a list of locations it has 
data for. If the address matches, the cache supplies the data and 
aborts the main memory access. If no match occurs, the cache al- 
lows the main memory access to proceed and notes the data and 
location. 



Flow Chart 7. Dual-Port RAM In a Cached Memory Environment 


One might first assume that the dual-port RAM can always be 
used with cached memory accesses. However, extra considera- 
tions must be made. When data is written to a memory location in 
dual-port RAM, the cache stores the acquired value and its associ- 
ated location. The next time that location is read, the cache will reg- 
ister a “match" and bypass reading from the location in dual-port 
RAM. This might result in an error if a processor on the other port 
has written new data to the location. 

One way to remedy the situation is to put the dual-port RAM into 
non-cached I/O address space and block data transfer between 
the dual-port RAM and cached address space where standard 
RAM exists. To make this approach work, semaphores must be 
employed to lock a buffer in the dual-port RAM while the data is in 
the cached RAM. In this way a “check out” procedure can be im- 
plemented to ensure data integrity. The semaphore latches must 
be addressed through non-cached I/O space in order for the re- 
quest and release mechanism to function correctly. 

CONCLUSION 

There are a number of ways to handle dual-port RAM arbitration. 
Choice of the most efficient technique concerns what granularity of 
address arbitration is required, whether a processor must be 
locked out of a block of memory for multiple accesses from the 
other processor and what constraints are imposed by the memory 
access cycle timing. Semaphores provide an alternative which can 
result in higher performance systems and provide functions which 
are not otherwise achievable. The following is a quick summary. 
No Busy Logic— Some applications guarantee by definition that 
the two processors will not access the same locations simultane- 
ously or, if they do, it doesn’t matter. The IDT7134 is also ideal for 
use in large dual-port designs where one arbiter is used for an array 
of dual-port devices. 

Interrupt Logic - Interrupt logic provides a signaling method from 
one processor to the other to provide a mechanism for 
handshaking. 

Hardware Busy Logic- Hardware busy logic provides the lowest 
latency overhead when accessing multiple individual unrelated 
memory locations. The MASTER/SLAVE concept was introduced 
over two years ago by IDT to provide a single arbiter— thus avoid- 
ing deadlocks encountered with multiple arbiters -when using 
more than one dual-port in wide bus applications. 

Semaphore Logic— Semaphore logic provides the best overhead 
tradeoff when accessing a block of data comprised of multiple re- 
lated locations. This facility may also be required in high- 
performance applications where one of the processors does not 
have a ready/busy input or the overhead of wait states cannot be 
tolerated. 

Semaphores provide a mechanism for one processor to bar the 
other processor from seeing an incomplete update of a block of 
data. This is achieved through a software mechanism supported 
by on-chip circuitry which provides a test and set facility that arbi- 
trates between simultaneous requests. 
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CODE FOR MASTER PROCESSOR 


MAIN ( ) { 

/* code to initialize */ 


/♦request */ 

/♦Build new display list*/ 
/♦release */ 


/♦end MAIN*/ 

SWITCH_BUFF (NBUFF) { 

SEMO:= 0 

UNTIL (SEMO = 0) ; /‘request*/ 

BUFF : = NBUFF; 

CMD:= NEW; 

SEM:= 1; /‘release*/ 

RETURN ( ) 

} 


FOREVER { 

SEM (CUR_BUF):= 0 
UNTIL (SEM (CUR_BUF) = 0) ; 
BUILD_DISPLAY (CUR_BUFF) ; 
SEM (CUR_BUFF) : = 1 
SWITCH_BUFF (CUR_BUFF) ; 

IF (CUR -= BUFF = 1) 
CUR_BUFF:= 2; 
else CUR_BUFF:= 1; 

} 

} 


CODE FOR SLAVE PROCESSOR 


MAIN ( ) { 

FOREVER { 

CUR_BUFF : = FETCH_BUFF ( ) ; 
PROCESS (CUR_BUFF) ; 

} 

> 


FETCH_BUFF ( ) { 

SEM 0:= 0; 

UNTIL (SEMO = 0) ; 

A BUFF : = BUFF; 

CMD:= OLD; 

RETURN (ABUFF) ; 

SEMO : = 1; 

} 

PROCESS (BUFF) { 

SEM (BUFF) := 0; 

UNTIL (SEM (BUFF) = 0) ; 

REFRESH (BUFF) : 

SEM (BUFF) ;= 1; 

} 


/♦request*/ 


/♦release*/ 


/♦request*/ 

/♦code to refresh display*/ 
/♦release*/ 
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INTRODUCTION 

FIFOs are a common hardware solution in designs where data 
must be transferred between two subsystems with different charac- 
teristic data generation, transfer or usage rates. A common case is 
the serialization and de-serialization of data. Serialization is re- 
quired for a variety of applications such as communication, data 
storage and display. The IDT72103 and IDT72104 parallel-serial 
FIFOs have been designed to address these applications. 

The IDT72103/4 FIFOs are a RAM-based design with self-incre- 
menting internal read and write pointers. This design results in very 
low fall-through times compared to older FIFO designs that are 
based on ganged shift registers. The fall-through time of a FIFO is 
the time elapsing between the end of the first write to the FIFO and 
the time the first read may begin. The first byte of data written into 
the IDT72103/4 FIFOs is available as soon as the write is complete 
and the Empty Flag is consequently de-asserted. 

Similarly, the serial registers are not shift registers but bit wide 
memory arrays with self-incrementing pointers. The serial output 
word and the serial input word transfer data starting from the least 
significant bit. If only a partial word is transferred into the serial in- 
put register, the bits will be in the correct bit location in the serial 
input register and not shifted right or left. 

PARALLEL OPERATING CONSIDERATIONS 

Regardless of how a FIFO is designed or used, FIFO full and 
empty boundary conditions require special consideration from the 
system designer. FIFO reads and writes may occur completely 
asynchronously from each other unless the FIFO is completely full 
or empty. What happens when excess reads or writes occur after 
the FIFO is full or empty depends on the design of the particular 
device. If a FIFO is empty, then reading the FIFO again will pro- 
duce data which is out of sequence or invalid. If the FIFO is full, 
writing data overwrites previously written data or loses the data be- 
ing written. 

The design of the IDT721 03/4 FIFOs gates out write pulses once 
the FIFO is full and gates out read pulses once the FIFO is empty. 
Excess writes are ignored and thus do not overwrite valid data. Ex- 
cess reads produce invalid data since the outputs of the FIFO are 
tri-stated when the Empty Flag is active, but do not read data bytes 
out of sequence. 

The Full and Empty Flags signal the full and empty boundary 
conditions. An internal read cycle cannot begin until the Empty 
Flag is de-asserted and a write cannot begin until the Full Flag is 
de-asserted (Figure 1). 

If the read signal is low prior to the de-assertion of the Empty 
Flag or the write signal is low prior to the de-assertion of the Full 
Flag, they cannot be allowed to transit high again until an appropri- 
ate minimum read or write pulse time has elapsed. 
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Figure 1. Parallel Read and Write Timing Follow- 
ing the De-Assertion of the Full and Empty Flags 


Failure to observe this boundary condition timing produces in- 
ternal read and write pulses of excessively short duration and may 
result in erratic operation. 

The IDT721 03/4 provide a full complement of flags which do not 
interact with the read and write signals. These provide the designer 
with flexible FIFO status indicators. They include, Empty + 1 , Full 
- 1, Half-Full and Almost-Empty/Full. The Almost-Empty/Full Flag 
is asserted when the FIFO is less than 1/8th full and again when it is 
greater than 7/8th full. 

The 1DT72103/4 FIFOs can be expanded in depth to any level by 
cascading multiple devices. For depth expansion, the input and 
output buses are connected in parallel. The expansion output (XO) 
pin of the first part is connected to the expansion input (XI) pin of 
the next device in the cascade until all the parts are connected in a 
loop (Figure 2). The First-Load pin of one of the parts is tied to 
ground to identify it as the first device to be loaded in the cascade. 
All other parts have th6 First-Load pin tied to Vcc. The retransmit 
feature cannot be used in the depth expansion mode. 

Empty Flag and Full Flag signals for the depth expanded cas- 
cade are derived from the individual FIFO Empty and Full Flag sig- 
nals by logically ORing them together. The retransmit feature and 
the flags other than Empty and Full cannot be used in the depth 
expansion mode. 

The IDT72103/4 FIFOs’ retransmit feature allows data written to 
the FIFO one time to be read any number of times. The retransmit 
feature resets the read pointer to begin re-reading data from the 
first byte that was written after a reset pulse. This is particularly use- 
ful for applications such a video frame buffers which are written 
once and read many times. 


© 1987 Integrated Device Technology, Inc. 


14-146 


Printed In the U.S.A. 


8/87 




USING HIGH-SPEED SERIAL-PARALLEL FIFOS, 
THE IDT72103/72104 


APPLICATION NOTE AN-15 



Figure 2. Parallel Depth Expansion to 12 Kilobytes 


SERIAL TRANSFER AND EXPANSION - 
FLEXISHIFT™ 

The serial registers are bit wide memory arrays. Both serial 
width and serial depth expansion are facilitated by connecting the 
serial inputs and outputs in parallel. The serial output of an individ- 
ual device is tri-stated when it is not active. Which serial input and 
serial output is active at a given moment is controlled through the 
expansion pins SOX (Serial Output Expansion), SIX (Serial Input 


Expansion), XO (Expansion Output) and XI (Expansion Input). 
Whether in an expansion mode or not, serial transfers always begin 
from the least significant bit. 

The serial word width of the IDT72103/4 FIFOs may be pro- 
grammed to be from four to any number of bits by using multiple 
parts (Figures 3 and 4). When used in the serial mode, the unused 
parallel input pins, Do-Ds, and the unused parallel output pins, 
Q0-Q8, are used to output information on the status of the serial 
transfer (Figure 5). 



Figure 3. Serial Output Width Expansion to 24 Bits 


Figure 4. Serial Input Width Expansion to 24 Bits 
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Figure 5. Parallel Pin Output Signals When In Serial Mode 


These signals are used to trigger the reading and writing of data 
words to and from the FIFO registers and allow us to program the 
serial word width. These signals may also be used to drive related 
external logic. The minimum serial word width that may be pro- 
grammed is 4 bits. Because Do-Dsand Qo-Qsare simple outputs 
when the part is being used in the serial mode, they must not be 
bused together when in this mode. 

The serial output word width is programmed by connecting the 
read line to the Q pin numbered one less than the word width re- 
quired. The serial input word width is programmed by connecting 
the write line to the D pin numbered one less than the word width 
required. When multiple parts are used to expand the word width 
beyond 9 bits, this pattern continues over to the next part in se- 
quence. In Figures 3 and 4, the word width has been programmed 
to nine plus nine plus six, or twenty-four bits. 

On the serial input side, the SIX input of a FIFO that will sink 
higher order bits Is tied to the Ds pin of the FIFO which will sink 
lower order bits. The SIX input of the part to receive the lowest order 
bits is tied to Vcc. Likewise, on the serial output side, the SOX Input 
of a FIFO that will source higher order bits is tied to the Qspin of the 
FIFO which will source the lower order bits. The SOX input of the 
part to receive the lowest order bits is tied to Vcc. The serial expan- 
sion Inputs SIX and SOX should not be used by external logic. 

HARDWARE DESIGN 

It is important to remember that FIFOs are state machines with 
internal logic being clocked by the read, write and expansion in- 
puts. These control lines are high frequency clock lines and must 
be treated as such by the designer. It is important that these signals 
be clean, glitch free and reflection free. 

With fast logic types and long traces it may be desirable to termi- 
nate the control signal lines to reduce ringing. A 20 to 50 Ohm se- 
ries resistor placed close to the driving outputs may help balance 
the impedance of the output driver to the transmission i mpedance 
of the line and thus reduce ringing. Unused FIFO inputs must al- 
ways be tied to Vcc or ground. When cascading the FIFO In depth 


or width, the expansion lines XI, XO, SIX and SOX should be as 
short as possible. If they are long, termination of these lines may 
also be required. 

The designer must take care not to inadvertently design noise 
into these signals. For example, a designer may choose to strobe 
the read and write lines with a 74138 decoder. Since the inputs to 
the decoder never arrive at precisely the same time, the outputs 
may sequence through a number of transient states before settling. 
The result is a random number of very fine glitches (decoder 
glitches) on the outputs and, thus, the read and write signal lines. 
Since the logic is quite fast, the glitches may be very narrow and 
difficult or impossible to find with a logic analyzer. 

HIGH-SPEED SERIAL LINK USING THE 
IDT72103/4 

To minimize the CPU time associated with excessive task 
switching when transferring data, the ideal communications link 
appears to the processor as a range of memory addresses (dual- 
port memory) or an address that can be repeatedly read or written 
without corrupting data (FIFO). 

If a serial link is required between two systems, a simple system 
using two parallel-serial FIFOs may provide a straightforward solu- 
tion. If it is required, data word widths can be adjusted in the proc- 
ess. For example, data being transferred from a 32-bit processor 
can be folded to 1 6-bit words when moving through the FIFO serial 
iink for use by a 16-bit CPU receiving the data. In this FIFO-serial 
link, data written to the transmitting FIFO is automatically trans- 
ferred to the receiving FIFO as quickly as the hardware allows. The 
FIFO-serial link appears to the two systems as a virtual FIFO. The 
two communicating systems need only respond to the Empty or 
Full Flags of their respective local FIFOs. 

In parallel I/O mode, the fall-through time of the IDT72103/4 is 
very smal I. The fal l-through ti me of the FI FO-serial link is dedicated 
by the serial transfer rate and the serial word width. The serial data 
transfer rate may be limited by the characteristics of the serial 
channel or by the upper limit imposed by the FIFO logic. 
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Figure 6. Serial Link Using Two IDT72104 FIFOs 


SERIAL LINK OPERATION 

For the purpose of illustration, a partial schematic of the serial 
handshake logic is shown in Figure 7. Operation of the serial link 


requires logic to pause the clock signals when the transmitting 
FIFO is empty or when the receiving FIFO is full and to restart the 
serial clock when the FIFOs are again ready for transfers. 



Figure 7. Partial Clock Enable Logic 


The clock signals to the FIFOs are paused when the transmit- 
ter’s Empty Flag or the receiver’s Full Flag is asserted. The clock 
signals are re-started and serial transfer begins again when the Full 
and Empty flags are both de-asserted. Since the Empty and Full 
flags are both asserted after clocking the first bit of the last word to 
be transferred, the logic must also allow the last word to be trans- 
ferred entirely before it de-asserts the clock enable signals. This is 
done by delaying the disabling of the clock signals until the read 
signal of the transmitting FIFO goes high. This signals to the hand- 
shake logic that the last bit of the serial transfer has been com- 
pleted. The clock signal is then disabled in a high state. When both 


the transmitter’s Empty Flag and the receiver’s Full Flag are de-as- 
serted, the serial clock signals are enabled again. 

A complete schematic is shown in Figure 8. The logic is essen- 
tially the same as that in Figure 6, but includes provisions for syn- 
chronization to the serial clock and system reset. An 
IDT74FCT374A is used as array of clocked D-type flip-flops for 
synchronization of the handshake logic to the serial clock. Since 
the de-assertion of the Empty and Full flags is asynchronous to the 
serial transfer clock, logic is required to resolve metastability re- 
sulting from clock edge coincident transitions of the “HALT 
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CLOCK’ signal. This is done by clocking the signal through stages 
of clocked D flip-flops. 



The serial output clock must be one clock pulse ahead of the 
serial input clock. This is due to the fact that the FIFO serial output 
does not output the first bit until after the first positive output clock 
edge. Untilthis time, the output is in a high impedance state. On the 
other hand, the FIFO serial input inputs the first bit on the first serial 
input clock edge. To accomplish the necessary one clock cycle 
delay, the clock enable signal is clocked through one extra D flip- 
flop before it affects the serial input clock signal. 


Reset of the serial handshake logic occurs automatically. The 
“HALT CLOCK” signal is asserted a few serial clock pulses after 
the transmitting FIFO’s Empty Flag is asserted during reset. The 
cross coupled NAND gate flip-flop keeps the clocks disabled after 
reset until the transmitting FIFO de-asserts the Empty Flag and, 
thus, “HALT CLOCK" for the first time. This provides adequate 
time for the Qn-2 signal to return to logic high following reset, thus 
completing the reset sequence. 
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TIMING 

The timings for the serial interface are based on the IDT72103/4 
preliminary data sheet, dated April 1987, for a part with a 50ns ad- 
dress access time and for the schematic in Figure 8. Timing for 
other versions will follow this pattern. For operation at 40MHz, 
pipelining of logic delays is required for the handshake logic. The 
serial clock period is only 25ns. For operation at lower speeds, 
somewhat less complex circuitry can be used with fewer D flip- 
flops for pipelining. 

The timings shown in Figures 9 and 10 assume the use of an 
IDT74FCT374A with CP-to-On delay of 6.5ns maximum and fast 
74F00 series logic with propagation delays of 6ns. Minimum clock 
high time is dictated by the need to enable and disable the clock 
without glitching. Conservatively, this is 6ns OR gate delay + 6.5ns 
CP-to-On delay. Minimum clock period is dictated, in this case, by 
the fastest FIFO shift logic specification of 40MHz. 

The “HALT CLOCK” signal may be de-asserted too close to the 
positive clock edge to avoid metastability in the D flip-flop associ- 
ated with register input D 3 . To assure that the metastability does 
not cause glitches in the clock signal, the output O3 feeds the input 
D4. This would give the metastable flip-flop 25ns, the clock period 


minus 2ns, the set-up time for the next D input stage to settle out 
before affecting the clock logic. With this logic family, this time 
should be adequate to provide a very low probability that the 
metastable condition will not propagate further. Since timing Is not 
critical here, another flip-flop stage has been added to ensure this 
(D5 and O5). 

At 20ns maximum from clock high, the transmitter’s read signal 
can be too late to safely de-assert the clock signals after one neces- 
sary gate delay (6ns) and still meet the set-up time for the 
IDT74FCT374A register (2ns). Instead, the output signal of a Q out- 
put tap two less than that used for the read signal is clocked in (Fig- 
ure 9). The time from clock high to Q high is then 20ns maximum 
plus 2ns set-up. This safely fits into the 25ns window. 

The AND gate shown in Figure 7 is present in Figure 8, but is the 
input to an additional OR gate not shown in Figure 7. The OR gate 
and a set-reset flip-flop are used to assure that the clocks are not 
active during reset. The flip-flop is set during system reset and 
cleared when the “HALT CLOCK” signal is de-asserted for the first 
time after reset. The flip-flop’s clock-to-output time (6.5ns output 5 
and 6), plus the two gate delays (6.5ns = 6ns), plusthe set-up time 
(2ns), adds up to 20.5ns maximum and fits safely into the 25ns win- 
dow provided. 




Figure 10. Serial Clock Enable Timing 
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The clock signals are disabled in the high state. In order to en- 
able and disable them without glitches; the enable and disable op- 
erations must take place in the 12.5ns window provided by the 
clock high time. The register’s clock-to-output delay is 6.5ns maxi- 
mum; the gate delay is 6ns maximum. 

The transmitter’s serial clock must be one pulse ahead of the re- 
ceiver’s serial clock. This is accomplished by requiring the receiv- 
er’s clock enable signal to pass through one additional D flip-flop 
before becoming effective (D 7 and O 7 ). 

The reset pulse must be low for two serial clock pulses and the 
first write to the transmitting FIFO must not occur prior to RSQH 
(the time required for the FIFO Q outputs to return high after reset 
pulse -35ns for the part in question). Four additional serial clock 
pulses are required to ensure reset of the handshake logic without 
false clock pulses. 


DATA WIDTH FOLDING DURING SERIAL 
TRANSFER 

Data word widths may be multiplied or divided by Integer quan- 
tities during transfer. Figure 11 shows an example where 16-bit 
data words are being folded into 8-bit words during serial transfer 
from a 16-bit processor to an 8-bit system. The folding operation is 
transparent to the processors on either side. 

The folding operation is accomplished by programming the se- 
rial word width on each side of the serial link to multiples of each 
other. In Figure 11, the right hand serial word width has been pro- 
grammed to be 16 bits. Nine bits of transmit FIFO #1 and 7 bits of 
transmit FIFO #2 are used. This is done by tying the SOX input of 
FIFO #1 to Vcc and triggering the read input for both FIFOs from 
the Q 4 output of transmit FIFO #2. 

On the left hand side, the serial word width is programmed to 8 
bits by tying the SIX input to Vcc and tying the write signal to the 
I/O pin D7- 


RESET 



Figure 11. Schematic Facilitating 16-Bltto 8-Blt Data Folding During Serial Transfer 
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ONE-BIT VIRTUAL FIFO 

In the serial-in/serial-out mode, the parallel-serial FIFO operates 
as a virtual 1 bit wide FIFO. The SICP input functions as a write in- 
put and the SOCP input functions as a read input. In this mode of 
operation the IDT721 03/4 may be used to widen the word width of a 
parallel FIFO in 1-bit increments (Figure 12). 

The 1-bit virtual FIFO has a latency of 4 to 9 bits, depending on 
the programmed serial word width. For example, if the FIFO is pro- 
grammed for 9-bit words, 10 bits must be written into the FIFO be- 
fore the Empty Flag is de-asserted and the first 9 bits can be read. 


The depth of the virtual FIFO in this mode is 9 x 4096 bits. If the word 
width Is programmed to be 4, the latency is reduced to 4 bits and 
the depth is reduced to 4 x 4096 bits. 

In applications where some latency is not a problem, the serial- 
in/serlal-out FIFO can be used to extend the width of a parallel 
FIFO in increments of one. In general, the serial-serial FIFO depth 
should exceed the depth of the parallel FIFO to avoid empty and 
full boundary condition conflicts. 

In Figure 12, an IDT74FCT861 latch is shown to maintain tri- 
state capability across all 10 output bits. This may not be required. 
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Figure 12. Serial-Serial FIFO Expanding the Width of a Parallel FIFO 


CONCLUSION 

The IDT72103/4 Parallel-Serial FIFO can be used to reduce 
parts count and lower power consumption in numerous applica- 
tions which involve FIFOs and parallel/serial data conversion. Ap- 
plications include video frame buffers, communications links, 


printer buffers and parallel-parallel FIFO bandwidth adjustment. 

The numerous status flags, ample depth, speed and the pres- 
ence of an independent output enable control make the FIFO 
highly flexible for use In parallel-to-parallel mode applications as 
well. 


Flexishift is a trademark of Integrated Device Technology, Inc. 
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By Michael J. Milter and John R. Mick 


INTRODUCTION 

Advances in CMOS technology have resulted in the develop- 
ment of circuits that integrate the functions of multiple discrete 
devices onto a single chip. As companies continue to integrate 
more onto each device and put each device into smaller and 
smaller packages, board level densities have increased making 
the testing and debugging of systems more difficult. The desirable 
higher packaging density achieved with surface mounting (PLCC, 
SOIC) and tighter pin spacing has also contributed to the difficul- 
ties in testing at board and system levels. This is continuing at a 
time when the industry is also making an increased commitment to 
design and product quality which results in more testing and 
design verification. This quality commitment is not only manifested 
in the devices and systems but is also extending the quality of field 
maintenance support. 

To address the situation, manufacturers of systems and ICs 
have used different techniques for diagnostic evaluation. Some of 
the first approaches were aimed at testing at the chip level and in- 
corporated latches and registers which could, under diagnostics 
control, function as serial scan shift registers (LSSD pioneered by 
IBM). Other silicon manufacturers incorporated built-in test adhoc 
circuitry which performed an automatic self test. These techniques 
were successful at testing the chip level but did not address the 
board or system level. In the early 1980s, AMD introduced an octal 
register which included a shadow registerto followthe operation of 
the main register. The contents of the shadow register can be 
serially accessed. By careful incorporation of this device through- 
out the board and system level, key data and control paths can be 
monitored. The shadow register technique is primarily limited to 
monitoring a single register. 

While these methods provide basic testability, they are inflexible 
in that the system cannot be subjected to conditions other than 
those exercised by the BIT test logic, or be used conveniently as 
debug tools during the system design process. To overcome these 
limitations, IDT introduced the Serial Protocol Channel (SPC) in 
the fall of 1 986. SPC allows the designer to observe and modify the 
contents of more complex and diverse structures such as register 
files, RAM, buses, I/O pads and logic. This simple on-chip 
technique allows observation of critical signals deep within the 
system and, when an error is observed, these signals may be easily 
modified in order to isolate and pinpoint the fault in the system. 


A Wide Variety of Choices 

As IDT expands their product line of fast VLSI CMOS devices we 
will continue to add devices to the family of parts with SPC. In the 
family today are: 

• Registers: 

- IDT49FCT818- 8-bits with output enable 

- IDT49FCT61 8 — 1 6-bits with byte output enables, clear, clock 
enable and read back 

• ALUs: 

- IDT49C403— 16-bit bit-slice microprocessor, quad 29203/ 
03 A, 64 registers, byte operation 

- I DT49C404— 32-bit bit-slice microprocessor, funnel shifter/ 
ALU/merge, 7-port RAM, bit field operation 

• Sequencers: 

- IDT49C411— 20-bit, interruptable, multi-way branch, status 
reg, counter stack 

• Memory: 

- IDT78C18 — Fast 2K x 8 EEPROM 

- IDT71502— Monolithic registered WCS RAM, break point 
detect, parity 

• Subsystem Modules Built With SPC: 

- IDT7MB60XX— 4K x 80 WCS with sequencer 

- IDT7MB6042— 8K x 112 WCS 

- IDT7M6032 — 16K x 32 WCS 
— TBD— Several in design 

The SPC Diagnostics Principle 

In order to better understand SPC, consider a 16-bit register 
used in the data and control paths of a high-performance system. 
As shown in Figure 1, the main data path of the IDT49FCT618 lies 
in the section on the right and is from the D inputs down to the regis- 
ter and through the Y outputs. 

This is the path that will be used most often during normal opera- 
tion. The control signals provide the clocking and clearing of the 
data through the register. Provision Is also made for reading the 
output from the register back onto the D bus. A latch ensures that 
the data captured in real-time settles down prior to being read by 
the processor on the D pins. 

To enable monitoring of the system buses, a path should be 
established to access the register logic circuitry without affecting 
normal operation. The circuitry on the left is the added Serial Proto- 
col Channel logic. It permits user-modification and observation of 
the D input pins, Data Register, Y output pins and the state of the 
Control inputs through the SPC Data and Control register. System 
memory can now be loaded by scanning in data through the SPC 
port and enabling it onto the D bus. The SPC Command and Data 
registers are easily accessed while the system is under normal 
operation. 


SPC and MICROSLICE are trademarks of Integrated Device Technology, Inc. 
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Figure 1. The Diagnostics Principle Using SPC on the IDT49C618 


The SPC also allows for diagnostic operations to be performed 
synchronously with the system clock or in the “single step" mode. 
Thus, access to the system buses, via such special registers, en- 
ables the user to observe signals nested deep within the system 
and diagnose any system malfunction without the need for design- 
ing additional hardware logic. Such SPC logic, when implemented 
on ALUs and sequencers, simplifies the debug effort required for 
today’s highly integrated complex circuitry. 

The Serial Protocol Channel Defined 

The Serial Protocol Channel (SPC) is a flexible on-chip feature 
which can be brought into use to monitor and control the operation 
of both the device and the interface hardware. It consists of four 
pins by which data can be entered into and extracted from a device 
through a serial data input and output port. Addresses and com- 
mands can be inserted into the device for stimulating and monitor- 
ing not only internal hardware but also the system buses and 
device I/O pins. 

The SPC has been optimized for a minimum number of pins with 
maximum flexibility. It consists of four pins: 

• Serial Data Input pin (SDI) for inserting data and command 
strings 

• Serial Data Output pin (SDO) for extracting information from the 
device 


• Serial Clock pin (SCLK) for clocking the information 

• Command/Data mode pin (C/D) to identify commands from 
data 

The Broad Applications of SPC 

SPC can be applied at multiple points in the life of a product in a 
variety of ways. It can be employed to debug and verify board 
designs. The code, vectors and SPC paths developed to verify the 
design can be carried on through to be the basis of manufacturing 
test and trouble shooting. Later on, SPC can be used for field main- 
tenance test and trouble shooting. SPC is often incorporated for 
power on initialization of state machine and microprogram writable 
control stores. When E 2 PROMs with SPC from IDT are deeply em- 
bedded into systems, factory floor and field configuration can be 
accomplished without the removal of boards or parts from the sys- 
tem. 


SPC Aides Design Debug and Verification 

Today, system debug and software development often incorpo- 
rate a technique called In Circuit Emulation (ICE) to monitor the 
operation of complex VLSI devices such as microprocessors. ICE 
units often operate through the technique of employing a “captive” 
microprocessor device in a pod with buffers and cables that plug 
into the designers target socket. 
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Through SPC, a similar function can be achieved without slow- 
ing the system down with cables and buffers while simultaneously 
allowing for the observation of multiple devices throughout the sys- 
tem. Instead of "capturing’ and Isolating the devices under test, the 
SPC approach leaves the devices soldered into the board and 
accesses the contents of the device insitu. 

Access to the SPC on the designer’s system could be obtained 
using the parallel I/O ports of a development systems (such as an 
IBM-PC or a PC-compatible) directly to the SPC lines. 

When using the parallel port, the PC contains the monitor pro- 
gram required to generate the protocol for the SPC lines and 
supply the diagnostic information to the SPC hardware. This would 
allow the PC to be used not only as a development station, but also 
as a test and debugging tool. Figure 3 shows a set-up of a user’s 
system. Microcode development is done on the host PC. The 
parallel Interface connects the PC to the user’s system via the four 
diagnostics pins SDI, SDO, SCLK and C/D . The monitor program 
would allow entering the data and addresses, exercising the com- 
mands and extracting and displaying the data from each device In 
the SPC ring. 


APPLICATION NOTE AN-16 



DESIGNERS TARGET 
SYSTEM UNDER DEVELOPMENT 


Figure 2. The ICE Environment 



USER SYSTEM HARDWARE 


Figure 3. A PC-Based User-System 

Figure 4 shows, in more detail, how the development system systems such as IBM PC/XT, clone compatible, Apple computer, 

would attach to a target system such as a microprogrammable as well as a system designed by the user, 

design. The development system might be any of the numerous 
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Figure 4. Typical Microprogram Application with SPC 


SPC on the Manufacturing and Test Floor 

When test philosophy is designed in and employed at develop- 
ment time through the use of SPC, the task of manufacturing test is 
made much easier. With the advent of surface mount devices such 
as PLCC, LCC and SOIC packages, dense double-sided boards 
can be constructed which seemingly defy such test techniques as 
bed of nails. SPC can be used in concert with such tried and true 
techniques such as board edge access. Through such combina- 
tions, test time can be cut by allowing for internal states of deeply 
embedded registers to be set up without having to go through a 
multitude of external stimulus vectors. The same development 
system that was used by the designer could be used on the 
manufacturing floor to drive the SPC channels. Alternatively, many 
ATE processors could be equipped to drive SPC. 

A subset of the same vectors used for automatic test could be 
combined with others and loaded into portable systems such as 
clones and used in the field to diagnose and trouble-shoot. In. 


larger systems which incorporate their own diagnostic processor 
to drive SPC, remote diagnostics is conceivable through the use of 
modems. 

Initializing with SPC at Power Up Time 

Some systems utilize writable control stores that must be loaded 
during power on. Such systems could utilize SPC as a mechanism 
to access the control store. The SPC channel could be driven by 
something as simple as a PAL state machine and load code out of 
slower dense EPROMs. Alternately, a processor on the user sys- 
tem could be used to generate the SPC signals and perform such 
functions as Writable Control Store initialize and power up diag- 
nostic operations. This could be the host processor or a dedicated 
control processor. Figure 5 shows a system where the host proces- 
sor is used to initialize and control the SPC diagnostics operations 
over the entire system. In larger systems, a dedicated processor 
could be utilized to both power up initialize the system, as well as 
do power on diagnostics or built-in Self Test (BIST). 
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MEMORY ADDRESS BUS 



SPC DIAGNOSTICS BUS 


Figure 5. A Dedicated SPC Controller for a Complex Digital System 


Another method would be to use a diagnostics interface board 
to communicate with the SPC. To access the SPC through this In- 
terface board, the PC would serve as a host, transmitting diagnos- 
tic Information directly to the user’s hardware. The Interface board 
generates the signals to operate the SPC in the user’s system. The 
ability to be used not only for system diagnostics but also as a 
debug tool is the primary advantage of the SPC scheme. 

Factory and Field Configuration of Systems 
Through SPC 

With devices that employ E 2 PROM and SPC channels, factory 
and remote initialization can be contemplated. Traditionally, state 
machines and certain types of processors that cannot modify their 
code space have used non-volatile devices such as EPROMs and 
PROMs for their code stores. Today, E 2 PROM with SPC can be 
used in place of, and deeply embedded within, such systems. 
Through the SPC channel, these devices can be initialized even 
though they may be soldered and bolted inside a cabinet. Such in- 
itialization might be employed just prior to shipment to configure a 


product or provide non-volatile field updates. One of the most sim- 
ple approaches to programming these devices is to utilize a sys- 
tem such as an IBM PC/XT and its ubiquitous centronics parallel 
printer port to drive the SPC signals. 

Understanding SPC Operation 

To better understand how SPC functions, the following para- 
graphs describe SPC as it relates to the IDT78C18 fast 2K x 8 
E 2 PROM. The SPC channel on the IDT78C18 is a simple model of 
that which is included on other devices with SPC. The IDT78C18 
i ncorporates a 2K x 8 memory array which has control and data sig- 
nals that function in the same fashion as other E 2 PROMs. In 
addition, an SPC channel is included on the silicon which allows 
for access to the memory array through the serial pins of the SPC 
channel. The Serial Data In (SDI) and Serial Data Out (SDO) pins 
allow for information to be shifted through the device under control 
of the serial Shift Clock (SCLK). The Command Data (C/D) input 
indicates to the device when the information being shifted through 
is commands or data. 
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C/D 



DATA I/O 


Figure 6. Block Diagram of the IDT78C18 Fast 2K x 8 E 2 PROM with SPC 


The SPC command set for accessing the IDT78C18 is straight- 
forward and includes four commands: Read (0), Write (1), Erase (2) 
and NO-OP (F). The SPC command register is four bits long and 
commands are shifted in least significant bit first. The SPC data 
register is composed of the actual data transferred as well as the 
address in the memory array. The address and data are shifted in 
least significant bit first also. To accomodate for future expansion, 
the address register is implemented with 16-bit shift register of 
which the lower 11 bits are significant. 

SPC SPC 

COMMAND REGISTER DATA REGISTER 


30 23 1615 0 


OP CODE 


DATA 

ADDRESS 


Figure 7. Format of SPC Command and Data Registers 


An SPC operation is performed in up to four distinct phases: 

(1) data Is shifted in; 

(2) command is shifted in; 

(3) command is executed; and 

(4) data is shifted out. 

While some commands may not have phase (1) or (4), all SPC 
commands use at least phases (2) and (3). 

Information is shiftedinto the device under two phases of opera- 
tion. In phase 1, the C/D line is LOW and the data bits are shifted 
into the device. In phase 2, the C/D line is HIGH and thecommand 
bits are shifted into the device. 

During the data phases (1 and 4), data is simultaneously shifted 
into the serial data register while the information from the data 
register is shifted out. During the command phase, opcode type 
information is shifted through the serial ports. The command is 
executed when the last bit is shifted in and the C/D line is brought 
low. The execution phase is ended with the next serial clock edge. 
Figure 8 shows the sequence of events during a command 
execution. 
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Figure 8. Phases of Executing SPC Commands 


There is an intema[slgnal called XFER which Is generated from 
the SCLK and the C/D inputs. XFER is used both as an enable as 
well as a strobe. It begins with C/D transitioning from HIGH-to- 
LOW and ends with the next rising edge of SCLK. The strobe is then 
used to gate the decoded command register. The decode can be 
thought of as a one-of-N decode. In this way, individual strobes 
and enables are generated which can be used to drive multiplexers 
and control registers/latches. In all devices there is a No-Operation 
opcode (NOP) consisting of all command bits HIGH, which 
prevents the generation of any strobes. 

Usually, execution of the Serial Protocol commands can only be 
performed on devices which are currently in their own normal sys- 
tem standby mode. Each device has a unique standby mode. For 
the IDT78C18, standby is when there is no current write or read op- 
eration underway. If a read operation is under progress, the recipi- 
ent of the data must tolerate a period of undefined data. For the 
MICROSLICE m family devices, standby is when the system clock 


is stopped in the HIGH state guaranteeing that the RAM, latches 
and registers are not being accessed. 

The above restriction does not apply to shifting command and 
data information through an active device into another device in its 
standby mode. However, the user must make sure that when the 
commands (and data) reach their respective devices and execu- 
tion is signaled by the lowering of the C/D line, those devices 
which are active have a NOP opcode in their serial command 
registers and, therefore, will not generate internal strobes, thereby 
leaving their current operation undisturbed. 

Figure 9 shows the general format of the execution of an SPC 
read command to observe the contents at any location in the mem- 
ory array. The command sequence starts by shifting in the address 
of the location to be read, the opcode for the read command, 
followed by shifting out the contents of the desired location. When 
the C/ D line is brought LOW, the least significant address bit of the 
address register is already at the SDO pin. 


SHIFT IN 11 ADDRESS BITS AND 
13 DONT CARE BITS ON SDI 


sclkTjTUTJTTL -ft- JTJTJTJTJTJ TUT-TUTl 


SHIFT IN 4 
COMMAND BITS 
ON SDI 



EXECUTE (C/D HIGH TO LOW EXECUTES COMMAND) 

SHIFT OUT 11 ADDRESSES IN 10 SHIFTS*. 

5 DONT CARE AND 8 DATA BITS ON SDO 


ixnjxa.ft-jinjxrir’ 


c/u"T 

DATA REGISTER (SDI) 


23 10 0 


19 DONT 

- iiAnnRFRS 

CARE BITS 

BITS 


COMMAND 
REGISTER (SDI) 

3 2 10 


0000 


READ CODE 



EXECUTION LOADS DATA ADDRESSED INTO 
DATA REGISTER FOR CLOCKING OUT ON SDO 


23 ISIS 1110 0 


- 8 DATA - 

5 DONT 

— 1 1 ADDRESS — . 

BITS 

CARE BITS 

BITS 


Figure 9. SPC Read Operation on IDT78C18 E 2 PROM 
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While the read operation utilized all four phases of the general 
SPC operation, the following diagram demonstrates how the write 
command utilizes only three phases. The write operation on the 
IDT78C18 through SPC is started by shifting in the address and 
data to be written (see Figure 1 0) . The SPC command for writing on 


the IDT78C1 8 Is shifted in next, followed by the start of execution of 
the command with the lowering of the C/D input. The triggering of 
the write command must be terminated by raising the edge of 
SCLK such that another write operation is not retriggered. 


SHIFT IN 11 ADDRESS BITS, 5 DONT 
CARE AND 8 DATA BITS ON SDI 


SCLK nJTJT-TL 

C/E> "1 


DATA REGISTER (SDI) 

1615 1110 


SHIFT IN 4 
COMMAND BITS 
ON SDI 


COMMAND 
REGISTER (SDI) 

3 2 10 

I 0001 I 


WRITE CODE 


EXECUTE (WRITE CYCLE BEGINS ON FALLING 
EDGE OF C/D AND CONCLUDES WITH twe) 


Figure 10. SPC Write Operation on IDT78C18 E 2 PROM 


The SPC erase operation on the IDT78C18 can be done with below shows the shifting in of the opcode for erase and the 

only two phases: shift in command and execute. The diagram execution of the command. 



Figure 11. SPC Erase Operation on IDT78C18 E 2 PROM 


Good Rules to Follow When Designing with SPC 

There are several rules that make designs with SPC easier to 
Implement and assure proper operation. When designing a system 
with many parts that incorporate SPC, the designer should divide 
the different parts into functional groups and employ at least one 
SPC scan loop for each group. If one scan loop is used for the 
entire design, it may become more difficult to coordinate the 
activity of each device. When there is only one scan loop, the 
observation of desired portions of the design is slowed down 
because of shifting bits that have no interest at the time. 


Consistency must be exercised in the software to always leave 
the SPC signals in known states after each step in the debug/ 
access software. In the design examples shown below, after 
executing a complete SPC command and extracting the data, the 
C/D signal is left in the HIGH state. This assures that each SPC 
channel in each device will be left in a non-execute state ready for 
the next SPC command or normal operation. The SCLK can be left 
HIGH of LOW, but should be the same after each command. 



14-161 





SPC PROVIDES BOARD AND SYSTEM LEVEL 
TESTING THROUGH A SERIAL SCAN TECHNIQUE 


APPLICATION NOTE AN-16 


Serial Protocol Channel Design Example #1 
Using the IBM PC/XT Centronics Port with SPC 

The following example shows how the centronics printer port on 
a IBM PC/XT can be used to communicate via SPC with the 
IDT78C18 fast 2K x 8 E 2 PROM. For designs which incorporate the 


IDT78C18 as a state machine or writable control store, this tech- 
nique could be used in manufacturing as a method for configuring 
a product before test and shipment. In the field, this approach 
could be used for updating a product with the latest release of 
control code. 



Figure 12. Centronics Interface to a SPC 


The Hardware 

The centronics port can be used as a parallel port to load an 
IDT74FCT374 to generate the required signals SDI, SCLK and 
C/D. The signal SDO, coming back from the IDT78C18, can be 
read in via the SLCT input on the centronics port. The block dia- 
gram in Figure 12 shows how the appropriate connections are 
made. The register is required due to glitches on the output port 
data pins. 

The Software 

The following program listing shows the subroutines in “C” 
which can be used to access the IDT78C18. In this example, the 
program was compiled in TURBO C from Borland International. 
This particular compiler hasalibrary routine, named BIOSPRINTO, 
which can be used to access the centronics port on the IBM PC. 
When BIOSPRINT is called, it sets the values of the parallel bits on 


Do, Di and D 2 and then pulses STROBE* HIGH-LOW-HIGH. It 
was used as the key routine to implement the SETBITO routine 
which sets the bit values in the IDT74FCT374. The routines SDI0, 
SCLKO and C_D() use SET BITO to set the corresponding signals 
of the IDT78C18. The last low level routine, SDO ft, is used to return 
the value of the SDO pin on the IDT78C18. 

The next level of code is composed of the two routines: 
SHIFT_OUT and SHIFTJN. Both routines are responsible for shift- 
ing a specified number of bits out to the IDT78C18 or in from the 
IDT78C18. When these routines finish, the SCLK is left LOW. 

The last level of code includes the routines READVALUEO, 
WRITE_VALUEO and ERASEO- As the names imply, they perform 
the appropriate operations to achieve the corresponding function 
through the SPC channel. When these routines finish, the SCLK 
and C/ D pins are left HIGH. In this way, the SPC is guaranteed to be 
left in a nonexecute state. 


14-162 







SPC PROVIDES BOARD AND SYSTEM LEVEL 
TESTING THROUGH A SERIAL SCAN TECHNIQUE 


APPLICATION NOTE AN-16 


MODULE 

(sp.c) 


Copyright 1087 by Integrated Device Technology Inc. 
All rights reserved 


Programmer: Roy M. Johnson 

This module contains the routines to exercise SPC on the IDT78C18A EEPROJI 
through the parallel output port lpt2 

This module contains the following routines: 


set_bit 

sdo 

sdi 

c_d 

sclk 

shift_out 
Shift_in 
read_value 
write value 


MODIFICATIONS 


RMJ - Tue Sept 5, 1987 09:30 
MJM - Sat Sept 28, 1987 11:22:20 


Turboo libraries 


: interface to parallel port lpt2 
: reads the sdo pin on the 78C18A 
: sets the sdi pin on the 78C18A 
: sets the cd pin on the 78C18A 
: sets the sclk pin on the 78C18A 
: shifts data out to the 78C18A 
: shifts data in from the 78C18A 
: reads a value from a given address 
: writes a value to a given address 
: erases the chip 


Created module 
Modified for appnote 


^include 
^include 
# include 
MLOCAL 


<dos.h> 
<bios.h> 
<portab.h> 
cur status 



/* Initialize printer port settings */ 
/* Initialize printer port status */ 


FUNCTION SET BIT 


Sets a bit (value) on the parallel output port LPT2. The bit is 
specified by (mask) . 

Calling sequence: set_bit (value, mask) 

value: boolean value to be transmitted 
mask: specifies the sdi, solk or od pin 
Return values: pr_status 
BIOS functions invoked: biosprint 



MLOCAL VOID 
BOOLEAN value; 
UWORD mask; 


set_bit (value, mask) 


/* Value to be written */ 

/* Specifies pin to be */ 

/* written: SDI, SCLCK or C/D */ 


UWORD p r_s t atu s ; 

const UWORD cmd = 0 ; 

const UWORD lpt2 = l; 


/* biosprint 
/* parameters 


if value == 1) / 

cur_status | = mask; / 

else 

cur_status &= (-mask) ; 

pr_status = biosprint (cmd, cur_status, lpt2) ; 


/* mask in value to ba */ 
/* written */ 
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FUNCTION SDO 

Reads and returns bit SDO (select line) on the parallel output port lpt2 

Calling sequence: sdo () 

Return values: Bit value on busy line 
BIOS functions invoked: biosprint 


GLOBAL BOOLEAN sdo () 

{ 


UWORD 

value; 




const 

UWORD 

cmd = 2; 

/* biosprint 

*/ 

const 

UWORD 

lpt2 = l; 

/* parameters 

*/ 

const 

UWORD 

UWORD 
bits ; 

select_mask = 0x10; 

/* select line mask 

*/ 


bits = biosprint (cmd, cur_status, lpt2) ; 

rt 

value = bits & select_mask; /* extract bit */ 

value »= 4; 
return (value) ; 


FUNCTION SDI 

Transmits a bit value to the SDI pin on SPC 

Calling sequence: sdi (value) 

value: boolean value to be transmitted 
Return values: None 
Function invoked: set_bit 


GLOBAL VOID sdi (value) 

BOOLEAN value; /* Value to be transmitted */ 


{ 

} 


const UWORD sdi_mask = 0x04; 
set_bit (value, sdi_mask) ; 


/» sdi connected to */ 
/* D2 on port */ 


FUNCTION C_D 

Transmits a bit value^’to the C/D pin on SPC 

Calling sequence: c_d (value) 

value: boolean value to be transmitted 
Return values: None 
Functions invoked: set bit 


GLOBAL VOID c_d (value) 

BOOLEAN value; 

{ 

const UWORD c_d_mask = 0x02; 
set_bit (value, c d mask) ; 

} 


/* C/D connected to */ 
/* D1 on port '»/ 


FUNCTION SCLK 

Transmits a bit value to the SCLK pin on SPC 

Calling sequence: sclk (value) 

value: boolean value to be transmitted 
Return values: None 
Functions invoked: set bit 
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GLOBAL VOID sclk (value) 

BOOLEAN value; 

{ 

const UWORD sclk_mask = 0x01; 
set_bit (value, sclk_mask) ; 

} 


/* SCLK connected to */ 
/* DO on port */ 


FUNCTION SHIFT_0UT 

Shifts data out serially, to the SPC registers 

Calling sequence; shift_out (data, num_shifts) 
data: data value to be shifted out 
num_shifts: number of shifts to be performed 
Return values: None 
Functions invoked: sdi, sclk 


GLOBAL VOID shift_out (data, num_shifts) 

UWORD data; /* Data value to be shifted */ 

UWORD num_shifts /* Number of shifts to be performed */ 

> 

const UWORD mask = 0x01; 

UWORD i ; 

BOOLEAN bit; 


' for (i = 0; i < num_shifts; i++) { 

sclk (LOW) ; 
bit = data & mask; 
data »= 1; 
sdi (bit) ; 
sclk (HIGH) ; 

} 

sclk (LOW); /* Set sclk low */ 

} 


FUNCTION SHIFT_IN 

Shifts data in serially, from the SPC data register 

Calling sequence: shift_in (num_shifts) 

num_shifts: number of shifts to be performed 
Return values: 16 -bit word (data) with the value of the 
8 MSB's of the data register 
Functions invoked: sdo, sclk 


GLOBAL VOID shift_in (num_shifts) 

UWORD num_shifts; */Number of shifts to be performed */ 


UWORD data = 0; */16-bit word for return value */ 

UWORD i ; 

UWORD temp = 0; 

UWORD mask = 0x8000; 

BOOLEAN bit; 

for (i = o; i < num_shifts; i++) { 
sclk (LOW) ; 
temp »= 1 ; 
bit = sdo () ; 
if (bit) temp I = mask; 
sclk (HIGH) ; 

} 

sclk (LOW) ; 

data = temp » ((sizeof (UWORD) * 8) - num_shifts; 

return (data) ; 


FUNCTION READ_VALUE . 
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Reads value in SPC serial data register 

Calling sequence: read_value (address) 

address: address of location to be read 
Return values: 18-bit word (data) with the value read 
Functions invoked: c_d, shift_out, shift_in 


GLOBAL UWORD read_write (address) 

UWORD address: /* Address of location to be read 

{ 

const UWORD read_opcode = 0x00; /* Read opcode */ 

UWORD data =0; 

c_d (LOW) ; 

shift_out (address, 11): 

shift_out (0x00, 13); /* don't cares */ 

c_d (HIGH) ; 

shift_out (read_opcode, 4) ; 
c_d (LOW) ; 

shift_in (16) ; /* don't cares */ 

data = shift_in (8) ; 
c_d (HIGH) ; 
return (data) ; 

} 


FUNCTION WRITE_VALUE 

Writes a value in the SPC data registers. No 

data polling is performed and a 10ms write time is assumed 

Calling sequence: write_value (address, data) 

address: address of location to be written 
data: data value to be written 
Return values: None 
Functions invoked: c_d, shift_out 


global void write_value (address, data) 

UWORD address; /* Address of location to be read */ 

UWORD data; /* Data value to be written */ 

{ 

const UWORD Write_opcode = 0x01; /* Write opcode */ 


c_d (LOW) ; 

shift_out (address, 11); 
shift_out (0x00, 5); 
shift_out (data, 8) ; 
c_d (HIGH) ; 

shift_out (write_opcode , 4); 
c_d (LOW) ; 

sclk (HIGH) ; /* sclk set high in 2ms 

c_d (HIGH) ; 


FUNCTION ERASE 

Erases the chip 

Calling sequence: erase () 

Return values: None 

Functions invoked: c_d, shift_out 


VOID erase () 

{ 

const UWORD erase_opcode = 0x02; /* Erase opcode */ 


} 


c_d (HIGH) ; 

shift_out (erase_opcode, 4) ; 
c_d (LOW) ; 
sclk (HIGH) ; 
c_d (HIGH) ; 


/* sclk set high in 2ms 


*/ 
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Serial Protocol Channel Design Example #2 Using 
SPC to Load and Debug a Microprogram Design 

The key element of control in a microprogram design is the 
writable control store. It is the element which contains the control 
program code that coordinates the operation of each of the ele- 
ments in the design. In the past the control store has been difficult 
to test. In a typical design, there are many registers which are util- 
ized for such tasks as the instruction register (referred to as the 
pipeline register in most microprogram designs) and data path 
registers. The IDT49FCT818 and IDT49FCT618 are two types of 
registers which might be used in such a design. They include an 
8-bit and 16-bit 74374 type internal register, respectively, and an 
SPC channel for observation and modification of the contents of 
the register and its buses. When these registers are used, complete 
control can be exercised over a microprogram design. The follow- 
ing section will describe these registers, an ALU (IDT49C403) with 
SPC, followed by a design example using these devices and how 
to access them using SPC. 

Detailed Look at the IDT49FCT618 

The IDT49FCT618 is a high-speed, general purpose 16-bit reg- 
ister with a Serial Protocol Channel. The D-to-Y path of the octal 
register provides a data path that is designed for normal system op- 


eration wherever a high-speed clock register is required. The SPC 
is used to communicate with a serial command and data registers. 

The command and data registers are used to observe and con- 
trol the operation of the 16-bit parallel data register for diagnostic 
purposes. The SPC command and data registers can be accessed 
while the system is performing normal system function. Diagnostic 
operations can then be performed “on the fly,” synchronous with 
the system clock, or can be performed in the “single step” environ- 
ment. The SPC port utilizes serial data in and out pins (a concept 
originated at IBM) which can participate in a serial scan loop 
throughout the system where normal data, address, status and 
control registers are replaced with the IDT49FCT618. The loop can 
be used to scan in a complete test routine starting point (data, 
address, etc.). Then, after a specified number of clock cycles, the 
data can be clocked out and compared with expected results. An 
“oscilloscope mode” can be achieved by loading data from the 
SPC data register into the octal data register synchronous to the 
system clock (PCLK) using a diagnostic command which transfers 
data synchronously. When repeated every Nth clock, the repeating 
states of the system can be observed on an oscilloscope. When 
used as a pipeline register, WCS loading can be accom-plished by 
scanning in data through the SPC port and enabling the data onto 
the D bus pins. 
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Block Diagram 

The block diagram consists of three main data paths and two 
logic blocks. The main data path is from the D inputs down to the 
register and through the Y outputs. This is the path that wil I be used 
most of the ti me in normal operation. For SPC operations there are 
data paths from the Y pins into the SPC data register and control 
block. Coming out of this block is the data path that allows data to 
be put back onto the D input pins or into the data register. The 
PCLK is used to clock the parallel data register. T he EN signal is a 
clock enable for the 16-bit pa rallel data path. The CLR line offers 
an asynchronous 1 6-bit clear. YOE u.l inputs are used to control the 
tri-state output of the Y pins, the other main data path is a read back 
path from the output of the 16-bit parallel register to the D bus. The 
SELpin selects data from the output of the 16-bit parallel register to 
the D bus. The SEL pin selects data from the internal Q bus or the 
data output pins Y. The LE signal controls a latch in the read back 
path. In this way, data can be latched on the fly and allowed to 
settle before a processor reads it back on the D pins. The ROE 
input is a three-state control which selects whether the D bus is an 
input or an output. 


The four standard pins for SPC are included on the 
IDT49FCT618 (SDI, SDO, SCLK and C/D). Data is shifted through 
the IDT49FCT618 in the direction of LSB first. This means the first 
bit of information to be shifted in on SDI must be the least signifi- 
cant bit and the first bit to come out on SDO is the least significant. 
The least significant bit is always present at SDO. The C/D input 
determines whether it is the SPC command register or the SPC 
data register. 

Cascading SPC Devices 

When using SPC on a system level , the serial out of one device is 
connected to the serial in of the next device, thus cascading multi- 
ple devices with SPC capabil ity together in one long serial shift reg- 
ister. The serial clock and the command/data mode line of each of 
these devices is connected in parallel. In this way, a minimal num- 
ber of connections are made between each device for SPC. In the 
example of three cascaded devices shown below, to enter a com- 
mand or data into the third device, the data must be shifted through 
the previous two devices. The data for each device must be 
entered, in order of position, in the ring through the first serial input. 
On the last shift clock, all of the data for each device will reach their 
final destination. 



Figure 14. Example of Three Cascaded Devices 
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The SPC command registers can be viewed as one long virtual 
microprogram command word where each field corresponds to 
the individual command bits of each device. In the same way, the 
SPC data register can be viewed as one long virtual data register. 

SPC Commands of the IDT49FCT618 

There are 1 6 possible diagnostic opcodes. Ten of these are util- 
ized; the other six are reserved and performed NO-OP functions. 
The top eight opcodes, 0 through 7, are reserved for transferring 
data into the SPC data register for shifting out. The lower eight 
opcodes, 8 through 1 5, are used for transferring data from the SPC 
data register to other parts of the device. Two of the commands are 
also used for connecting the data in and out pins. 

Opcode 0 is used for transferring data from the Y output pins into 
the SPC data register. Opcode 1 transfers data from the output of 
the register before the tri-state gate into the SPC data register. 
Opcode 2 transfers data which is on the data input pins D into the 
SPC data register. Opcode 3 transfers data on the Y pins to the SPC 
data register on the next PCLK, thus achieving a synchronous 
observation of the pipeline register in real time. This operation can 
be repeated without shifting in a new command by pulsing C/D 
LOW-HIGH-LOW after each PCLK. Opcode 4 is u sed f or loading 
statu s into the SPC d ata register. Status consists of YOE u l. PCLK, 
ROE, LE, EN , CLR and SEL 


OP Code 

Diagnostic Command 

0 

Y to SPC Data Register 

1 

Parallel Data Register to SPC Data Register 

2 

D to SPC Data Register 

3 

Y to SPC Data Register Synchronous with PCLK 

4 

Status (YOEu L . PCLK. etc.) to SPC Data Register 

5-7 

Reserved (NO-OP) 

8 

SPC Data to Y 

9 

SPC Data to D 

10 

SPC Data to Parallel Data Register 

11 

Select Serial Mode 

12 

Select Stub Mode 

13 

SPC Data to Y Synchronous with CLK/P 

14 

Connect D to Y 

15 

NO-OP 


Figure 15. IDT49FCT618 SPC Commands 


Opcode 8 is used for transferring data directly to the Y pins. 
Opcode 9 is used for transferring data in the SPC data register to 
the D pins. The operation of jppcodes 8 and 9 can be temporarily 
suspended by raising the C/D input and resumed by lowering the 
C/D input. As soon as SCLK is transitioned from LOW-to-HIGH, 
the command is terminated. 

Opcode 10 is used for transferring data from the SPC data regis- 
ter into the parallel data register. Opcodes 11 and 12 are used to 
select Serial and Stub Modes for shifting subsequent SPC com- 
mands. Once the mode is selected, the IDT49FCT618SPC stays in 
that mode, regardless of how many commands are executed, until 
reprogrammed with either one of the Serial or Stub mode com- 


mands. The serial mode is the default mode that the IDT49FCT618 
powers up in. In serial mode, commands are shifted through the 
command register and then to the SDO pin. This is the typical 
mode used when several varieties of devices that utilize the SPC 
access method are employed on one serial ring. 



In Stub mode, SDI is connected directly to SDO. The serial input 
of the command register is connected to SDI. In this way the same 
diagnostic command can be loaded into multiple devices of like 
type. For example, in four clock cycles the same command could 
be loaded into eight IDT49FCT618S (128-bit pipeline register). Dis- 
like devices must be segregated into serial scan loops of similar 
type as shown below. For example, all IDT49FCT618s must be in 
one loop, while two IDT49C403S might be in another loop. 


STUB MODE 



Figure 16. Example of Two Types of Devices in Stub Mode 


Because there is an inherent delay through the device from SDI 
to SDO, the serial shift clock during the command phase must be 
slowed down to accommodate the delay. The slower clock is typi- 
cally a small trade off compared to the reduced number of clock 
cycles. 

Opcode 1 3 transfers data from the diagnostic data register to the 
pipeline register on the next PCLK. Opcode 14 connects the D bus 
to the Y. The operation of operation instruction 1 4 can be temporar- 
ily suspended, raising the C/D input and resumed by lowering the 
C/D input. As soon as SCLK is in transition, the command is 
terminated. 

Except forthe commands which transfer data from the SPC data 
register into the data register and set the Serial/Stub mode flip-flop, 
all of these commands are temporary and are only operational 
between the transition of HIGH-to-LOW of the C/D line and the 
LOW-to-HIGH of the SCLK clock. 

Opcodes 3 and 1 3 transfer data synchronous to the PCLK which 
means that the HIGH-to-LOW on the C/D input is an arm signal. 
The data and command are shifted in while the PCLK is running. 
The C/D line is dropped previous to the desired PCLK edge and 
raised afterwards, before the next edge. Thesecommands can be 
repeated over many times by leaving the C/D line LOW during 
multiple transitions of the PCLK, while not clocking SCLK. PCLK 
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cycles can even be skipped by raising the C/D input during the 
desired clock periods. 

The ability to execute a synchronous command repeatedly can 
provide major benefits. For example, the synchronous read in- 
struction (instruction 3, Y to diag) could be clocked into the SPC 
command register. Then it could be continuously executed by 
pulsing the C/D line LOW-HIGH-LOW. When the whole system is 
stopped (PCLK quiescent), the SPC data register will contain the 
next to the last state of the parallel register. That value can be 
shifted out and the current state of the parallel register can then be 
observed, thus allowing for the observation of two states of the 
parallel register (the current and the previous). 

In another example, an oscilloscope could be used to monitor 
the execution of a section of microcode. By loading into the SPC 
data register the pattern that forces a jump to a section of code and 
the synchronous write command (instruction 13, diag to Y) into the 
SPC command register, the system under test can be forced to re- 
peat a segment of code repeatedly. When the C/D line is lowered, 
the system is forced to execute the state forced by what is in the 
SPC data register on the next PCLK. By raising the C/ D , the system 
is allowed to proceed normally until the C/D line is lowered often 
enough with small enough clock cycles. An oscilloscope can be 
used to observe the operation of the state machine. 


DATA 


DATAqut 



LTLTLTl 



C/15 SDO SDI SCLK 


Figure 18. SPC on the IDT49C403 Die 


Figure 17. Timing of Synchronous Commands 

Detailed SPC Architecture of the IDT49C403 Bit- 
Slice Microprocessor 

The IDT49C403, a quad Am2903/29203 16-bit microprocessor 
slice, which includes an ALU and register file, is one of the devices 
on which IDT has incorporated the Serial Protocol Channel. The 
implementation of SPC on the IDT49C403 is shown in Figure 18. 

Only four SPC pins (SDI, SDO, SCLK and C/D) are used to 
serially access the I/O pad cells, as well as the internal ALU 
registers and buses. To control or monitor a section (such as the 
ALU), the appropriate command is loaded into the SPC command 
register. The desired function is then executed and the status 
information captured in the data register. The status information 
can then be serially shifted out and observed to verify proper 
system functionality. 


The block diagram in Figure 19 shows the detailed SPC archi- 
tecture for the IDT49C403. It primarily consists of serial registers for 
command, data, addresses and decode/control logic. The SPC 
command register consists of a four-bit field (signals 4-7) and four 
discrete control lines (signals 3, 2, 1, 0). The four-bit field coordi- 
nates the transfer of data between RAM and the SPC data register, 
as well as controls an on-chip break detect mechanism. The other 
discrete signals control the serial scan path through the I/O cells. 

The SPC data register is in series with a RAM address register 
and I/O pad scan. The SPC data register is connected to the inter- 
nal bus to gain access to the RAM register file as well as a data 
break point feature. The point of connection is the Y bus from the 
ALU back into the RAM. 


14-170 









SPC PROVIDES BOARD AND SYSTEM LEVEL 



Y 16-0 


Figure 19. Internal Organization of the SPC 


The multiplexer at the output transmits information via the SDO 
pin selecting data from either the SPC data register and the I/O 
pads or the command string from the SPC command register. 

IDT49C403 SPC Command Opcodes 

The SPC command register consists of an 8-bit field, as shown 
in Figure 13. Bit 1 enables the READ function of the I/O pad cells. 
Bit 3 enables the BYPASS function to bypass the I/O pad cells and 


scan out only the RAM address and data registers. Bits 0 and 2 are 
reserved. Bits 4 through 7 form the opcode field for reading and 
writing into the device. 

The 4-bit command opcode field gives 16 possible command 
opcodes. The first 8 are reserved for writing data from the SPC data 
register into the registers and RAM on the device. The second 
8 opcodes are reserved for reading data from registers and RAM 
Into the 16-bit SPC data register. 


COMMAND OPCODES 

OPCODE 

FUNCTION 

0 

Write RAM 

1 

Write Q Registers 


Write Break Control 


Write Break Data 


Reserved 


Reserved 

H.;./ 

Reserved 


Reserved 

8 

Read RAM 

9 

Read Q Registers 

10 

Read Break Control 

11 

Read Break Data 

12 

VlewY 

13 

Reserved 

14 

Reserved 

15 

NOP 



Figure 20. SPC Command Register and Opcodes for the IDT49C403 


The command with opcode 0 causes a write to the internal 
device RAM. Opcode 1 is used to write to the Q registers. 
Opcodes 2 and 3 are used to write data from SPC data register into 


the break data register and break control registers, respectively. 
Opcodes 4 through 7 are reserved opcodes. 
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Opcode 8 is used for reading RAM data into the SPC data regis- 
ter. Opcode 9 is used to read a value out of the Q registers. (Here, 
also, the address register supplies the address of the Q register to 
be accessed). Opcodes 10 and 1 1 are used for reading the break 
control register and the break data register, respectively. 
Opcode 12 is used to strobe data from the Z bus into the 16-bit 
diagnostics data register. Opcodes 13 and 14 are reserved op- 
codes. The last opcode, 15, is a no-operation opcode. This opcode 
can be used to scan the data in and out of the I/O pad cells and use 
the device in a pass-through mode (in a cascaded application) 
without affecting normal device operation. 

All the reserved opcodes, if executed, perform a no-operation; 
however, they should not be relied upon to always perform NOPs 
as future upgrades may make use of reserved opcodes. 

Accessing the Contents of the IDT49C403 Regis- 
ter File 

To read data from the device’s internal RAM or other logic cir- 
cuitry into the SPC data register, the address and don't care bits 
(for the SPC data register) are shifted in. The command is shifted 
into the SPC command register. The command register must be 
decoded to determine what data paths are to be steered in order to 
get data into the SPC data register. The read strobe, generated by 
the strobe logic, must then strobe this data (in parallel) into the SPC 
data register. The data can now be shifted out via the SDO pin and 
its contents disassembled and observed. 

To perform the write operation, address and data must first be 
shifted into the SPC data register. The command is then shifted into 
the SPC command register via the command mode. This register 
provides information as to what data paths are to be steered. The 
address is supplied by the address register in the data scan path. 
The write strobe is then generated between the time the C/D line is 
lowered and the SCLK line is raised. This is the strobe which 
actually clocks the data into the RAM or register in the device. 


Pad Cell Scan Path 

Each I/O cell on the IDT49C403 contains a flip-flop which can 
be used to store the state of that cell and then be scanned out. 
Figure 1 1 shows the logic configuration. The READ line is enabled 
by a bit in the SPC command register and gated by the XFER sig- 
nal, thus loading the scan flip-flops in parallel. The SCLK is then 
used to scan the data out of the SDO pin in series with the address 
and SPC data registers. 


SDO 



SCLK SDI READ 


Figure 21 . Serial Scan In the I/O Cell 
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Figure 22. Shift Order of I/O Pad Cells 
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The BYPASS bit in the SPC command register selects whether 
the shifting of the I/O cel Is wi 1 1 be bypassed such that only the RAM 
address and data registers are scanned out. When the READ bit is 
HIGH, data is transferred from the pins to the scan register when 
SCLK transitions HIGH after C/D has transitioned LOW. The 


BYPASS bit in the command register is active HIGH so that a HIGH 
level bypasses scanning the I/O cells. 

Figure 22 shows the order in which the I/O pad cells are 
scanned. The clocking will shift out the data on the Y 15 pin first and 
continue in series until the WRITE pin is shifted out last. 


Y Q 



Figure 23. Breakpoint Detect Circuitry 


Breakpoint Detection on the IDT49C403 

Figure 23 shows the diagnostics breakpoint detection circuit on 
the IDT49C403. This circuit is designed to allow the user to monitor 
certain key data buses and detect the data patterns on the Y and Q 
buses. When a data pattern is detected, a breakpoint compare sig- 
nal is generated on the DCMP pin and is used to halt the system 
operation. The DCMP is an open drain signal and should be wire- 
ORed with DCMP lines of other similar devices and monitored by 
the main sequencer in the system. The breakpoint detection 
mechanism thus allows for an easier debug of microcode with re- 
gard to the data path. 

At the heart of the breakpoint detection circuit is a comparator 
which compares data from the break data register with data from 
either the Y bus or the Q bus. The break control register determines 
which of the two buses is selected for a comparison. The break 
control register also steers a multiplexer at the output of the 
comparator. This multiplexer selects between the equal-to signal. 


latched equal-to, Vcc or GND. The latched equal-to input into the 
multiplexer gives the user the ability to pipeline the match signal, 
thus shortening the system cycle time in the diagnostics mode. 
The Vcc and GND inputs to the multiplexer allow the programmer 
to disable the break compare feature by forcing the DCMP pin 
either LOW or HIGH, respectively. 

When a match is made, the DCMP line goes HIGH. Thus, if any 
one slice in a cascade application does not match, the wire-ANDed 
DCMP will be low. Selecting Vcc via the multiplexer will disable 
matches altogether. To select GND, disable any one slice from the 
comparison. 

Figure 24 shows the format of the break data and break control 
register. The break data pattern is 16 bits wide, with bit 16 being the 
most significant bit and last to be shifted in. The Break Control reg- 
ister contains three fields. Bits 0 and 1 control the DCMP output and 
bit 2 selects between the Y and the Q bus to be compared with the 
break data register. Bits 3 to 15 are reserved for future expansion. 
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Figure 24. Breakpoint Control Registers and Opcodes 


Serial Protocol Channel Design Example #2 

In order to fully understand the advantages and usage for the 
Serial Protocol Channel in debugging a typical set of hardware, a 
design example will now be presented. The design example cho- 
sen is a 16-bit computer design utilizing the IDT49C403 and the 
IDT49C410. This 16-bit ALU slice and 16-bit microprogrammed 
sequencer form the heart of an example 16-bit computer design 
that will be used to demonstrate the Serial Protocol Channel inter- 
face. Figure 25 shows a block diagram of the example design. The 
heart of the machine is an IDT49C403 containing 64 working regis- 
ters and a high-performance arithmetic/logic unit. The IDT49C403 
is a cascadable 16-bit microprocessor slice. In this example, it is 
used to hold all of the working registers, the program counter and 
stack pointer for this machine. 

Example Machine 

The bus structure for this computer design example consists of 
a 16-bit data bus, 16-bit address bus and 4-bit control bus. The 
control bus signals are memory request, I/O request, read/write 
and word/byte. Data from the 32K x 16 RAM main memory is 
received in the data-in (Dl) register and the results to be sent to the 
main memory are output by means of a data-output (DO) register. 
Addresses are loaded into the Memory Address Register (MAR) 
and may come from either the Y bus or the DB bus of the 
IDT49C403. The right hand side of the block diagram of Figure 25 
shows an instruction register organized as an 8-bit opcode, 4-bit 
source register (RS) select and 4-bit destination register (RD) 
select. These two 4-bit fields, as well as two 6-bit fields from the 
pipeline register, are multiplexed onto the destination address bus 
(403BSrc) and the source register select address bus (403ASrc). 
The microcoded portion of this example design consists of a 
IDT49C410, 16K x 96-bits of Writable Control Store (WCS) and 
96-bit wide pipeline register. The IDT49C410 microprogram 
sequencer, WCS and pipeline register are connected in the normal 
state machine fashion, as shown in numerous available design 
examples. A 16-bit branch address field from the microprogram 
pipeline register feeds the D input to the IDT49C410 sequencer 
and also drives a mask register (MR) whose output is connected to 


the masks or 16-bit constants into the data path of the machine. 
Shift linkage and status control are provided by a 2904 and the de- 
sign also includes an IDT7216, 16 x 16 multiplier connected to the 
DA, DB and Y buses of the IDT49C403. 

The IDT49C410 sequencer, WCS and pipeline register are 
uniquely connected to an SPC load path. This load path utilizes 
two SPC channels and will be described in more detail later. 

The example IDT49C403/IDT49C410 16-bit computer design 
uses a total of five Serial Protocol Channels. The five channels are 
depicted in Figure 26 and show the various registers connected in 
each channel. The exact partitioning used here was chosen out of 
convenience and as an attempt to learn as much as possible about 
controlling various types of four wire interfaces in an example de- 
sign. As shown in Figure 26, Serial Protocol Channel 1 consisted of 
the 96-bit pipeline register and a 16-bit load WCS address register. 
All discrete registers in the example design are the IDT49FCT618. 
This is a 16-bit SPC register consisting of a 4-bit command, 96-bit 
pipeline register and 16-bit data register, as well as a 16-bit main 
data register. Since six of these IDT49FCT618 registers were used 
for the WCS pipeline register and one additional 16-bit 
IDT49FCT61 8 register was used for the load WCS address register, 
a total of 1 1 2 bits are required to load the serial data path and a total 
of 28 bits are required to load the serial command path for SPC 
Channel 1 . The idea here is that, when loading the writable control 
store, the serial protocol processor will send first a 16-bit address 
followed by a 96-bit command word into the serial command path. 
It will follow this by sending a 28-bit command word into the serial 
command path. The appropriate control signals will then be tog- 
gled so as to execute a write of the WCS memory. This will be ex- 
plained in more detail later and some example 68000 code will be 
shown for manipulating the various control lines. Channel 2 of the 
Serial Protocol Channel processor consists of three 16-bit 
IDT49FCT618 registers. These registers include the instruction 
register (IR), the MASK register (MR) and the data-in (Dl) register. 
There is no particular design criteria for utilizing these three regis- 
ters in series and the order in which they were connected was to- 
tally random. This path contains a 48-bit serial data channel and 
12-bit serial command path. 
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Figure 25. An Example of IDT49C403/IDT49C410 16-Bit Computer Design 
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Figure 26. Five Serial Protocol Channels are Used In the Example Design 


Channel 3 of the SPC connection (as shown in Figure 26) con- 
sists of a 16-bit data-out (DO) register and the 16-bit Memory Ad- 
dress Register (MAR). Two 1DT49FCT618S are used for these reg- 
isters and provide a total of 32 bits for the SPC data path and 8 bits 
for the SPC command path. This configuration was selected and 
placed on a separate SPC channel in an attempt to make the con- 
figuration look similar to the WCS channel. The reason for this can 
be seen by referring to the block diagram in Figure 25. The goal 
was to be able to write the 32K x 1 6 RAM from the SPC interface. By 
using the MAR register and the data-out (DO) register in the con- 
figuration shown in Figure 26, it was felt that much of the software 
for talking to this channel would be similar to the software required 
to talk to the WCS channel. 

Channel 4 of the SPC interface consisted of the IDT49C403. 
This channel was kept as a separate channel in order to be able to 
conveniently interface to the data and command registers associ- 
ated with the 16-bit slice. Since one of the goals of this design 
example was to build and test all of the theory behind serial 
protocol, we felt it would be desirable to be able to manipulate the 
command and data registers in the IDT49C403 independently. The 
IDT49C403 contains a 91-bit data channel and an 8-bit command 
channel. 

The fifth channel of the SPC interface to the example 1 6-bit com- 
puter design is the WCS control register channel. This channel 
consists of one 1DT49C618 register and Is used to manipulate the 
output enable of the IDT49C410 and the output enable of the 16-bit 
load WCS address register of SPC Channel 1. It is also used to con- 


trol the output enable and write enable of the 16K x 96 writable 
control store. This will be explained in more detail later. 

From this description and by studying Figures 25 and 26, it 
should become obvious that a great number of registers in the 
16-bit computer design example are available for reading, writing 
and examining by means of the SPC interface. In fact, all of the 
important registers associated with the design can be interrogated 
easily. 

Next let’s look at the actual hardware interface that was devel- 
oped to provide the signals to the various SPC channels. Atypical 
68000 microprocessor design was utilized for the SPC interface. 
Figure 27 shows the 68000/SPC interface to the 16-bit 
I DT 49C403/I DT49C41 0 computer design. A total of five SPC chan- 
nels were used in the interface. The 68000 design contains 
EPROM, RAM and a UART connected to a standard CRT. A sec- 
ond UART was used to connect to an IBM PC in order to download 
assembled microcode and assembled machine code to be loaded 
into the example design by means of the SPC interface. The actual 
SPC interface consisted of some data output register bits for the 
command data lines, some output bits for the serial clock lines, one 
single data-out register bit and some data-in bits to be read from 
the serial interface channels. Figure 28 shows additional detail of 
the actual SPC interface. In actuality, a total of eight channels of 
SPC interface were designed, although only a total of five channels 
were used. Figure 28 shows that 74LS259 latches were used on the 
68000 bus to provide the command data outputs for each of eight 
channels and a 74LS259 latch was used to provide the serial clock 
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bit for each of the eight channels. Similarly, a 74LS251 eight input 
multiplexer was used for the data input path to the 68000 from the 
serial protocol channel and a 74FCT377 register was used to pro- 
vide the data output bit. It is important to note here that only one 
data output bit was used and it is routed to the input of all the serial 
protocol channel data inputs. To date, no disadvantage has been 
found in doing this rather than utilizing eight separate data outputs. 
If the user so desires, he could use write separate data outputs. In 
summary, our serial protocol channel interface to the 
IDT49C403/IDT49C410 16-bit computer design example consists 
of five serial protocol channels utilizing five command data lines, 
five serial clock lines, five data-in lines and one data-out line. This 
means a total of sixteen active signals plus grounds. 

It should be noted that the command data outputs, the serial 
clock outputs, the SPC data-out and SPC data-in signals are 
mapped vertically in the address space of the 68000 as opposed to 
horizontally across data bits of the 68000. This is not the way the 
design was started, but rather is the result of having written some 
example software. It seems that having a 16-bit word (register) 
used to control all of the serial clocks is a disadvantage. Thus, the 
hardware was redesigned so that all of the output bits utilized the 
68000 data bit zero and are located at different addresses in the 
68000 address space. This has turned out to be very convenient for 
the software and seems far superior to the original approach, 
although this could obviously be made to work. Note also that all of 
the data inputs are actually connected to data bit 15 of the 68000 
design as opposed to data bit 0. This was done to cause the 68000 
internal 16-bit data register to be conceptually connected in a serial 
loop with the protocol channel. Our approach to the software for 
SPC on the 68000 was basically to think and treat everything as 
1 6-bit words in the 68000. This seems to work out quite nicely since 
the 68000 has a main memory that is 1 6 bits wide. Thus, we think of 
all words in memory as 16-bit entities and SPC channel words as 
strings of 68000 words in sequence. For example, the 112-bit 
writable control store and WCS address will be contained in a 
68000 buffer consisting of a total of 7 words. The 28-bit command 
field of this same serial protocol channel will be contained in two 
68000 words where the first word is 16-bits and the second word 
utilizes the 12 least significant bits. It turns out that 68000 software 
handles this quite conveniently and the bits can be shifted out quite 


conveniently through the serial hardware shown in Figure 28. We 
expect to have a single chip solution to the SPC interface in the 
near future. 

When reading data in from the Serial Protocol Channel, we 
found it was most convenient to read the data in from the channel 
and begin loading in at data bit 15 and shifting the word down. 
Thus, after 16 read and shifts, a full 68000 16-bit word has been 
generated. This can now be stored in memory in a buffer and the 
next 1 6-bit field read in. We found it was most convenient to always 
read full 16-bit blocks from the Serial Protocol Channel even 
though a few of the last bits may actually be don’t cares. This al- 
lowed all data words to always be aligned at the least significant bit 
boundaries and was the most convenient method for thinking of 
the Serial Protocol Channel command or data. We found that it was 
important to understand the mapping between the 68000 memory 
space and our various Serial Protocol Channels although it is not 
difficult to understand. We think of bit 0 and word 0 as being the first 
bit out and simply continue to output bits until the total number of 
BITSOUT is achieved. Each time a 16-bit increment is sent, we 
bump the address pointer to the next word boundary, read the 
word and then send out that data to SPC. Similarly, in reading in 
data, we read 16 bits at a time into an internal data register and 
then, at each 1 6-bit interval, output the word that has been received 
to the 68000 memory. Again, we bump the address pointer to the 
next word boundary and continue to receive input bits. These bits 
are loaded into the internal 1 6-bit register, starting at bit 1 5, and are 
then shifted down until a full 1 6-bit word has been generated. Thus, 
we always read in complete 16-bit words even though the last few 
more significant bits may be don’t cares. This causes the words to 
be totally bit-aligned in 68000 memory and could be transmitted 
out without any additional 68000 manipulation. 

While not shown in Figure 28, our hardware design actually in- 
cludes the ability to read in the state of the command data bit and 
the SCLK bit from the 74LS273 latches. While we found this a con- 
venient check in debugging our software, it is not required. How- 
ever, our past experience has told us that it is always nice to be able 
to read a hardware register in a microprocessor system so we 
would probably continue to recommend that the path be provided 
to read these output bits back to the host processor. 


i 1 
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Figure 27. Example of a 68000/SPC Interface to a 16-blt IDT49C403/IDT49C410 Computer Design 
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Next, let’s study the actual signals that we need to generate from 
the 68000 Serial Protocol Channel Interface. We will study this by 
simply looking at the SPC command/data, clock, data-out and 
data-in signals required for a single Serial Protocol Channel Inter- 
face. Referring to the waveforms in Figure 29, we see the required 
SPC signals. In our design, and we believe what should be one of 
the standard requirements for an SPC interface, the command/ 
data data line should always be kept HIGH when not in use and the 
serial clock line should always be kept LOW for consistency when 
not in use. If this rule is adhered to, we always know the starting 
input for a Serial Protocol Channel Interface and we can also guar- 
antee that no command is currently being executed. Similarly, 
when we complete an instruction or a sequence of instructions, we 
should make sure that we always finalize the interface with an 
“execute” command so that no false executes will be initiated at the 
beginning of the next sequence. We believe this will be obvious 
after a future discussion about the Writable Control Store Interface. 

Referring now to the signals in_Figure 29, we see that if we had 
adhered to our rules of having C/D HIGH and SCLK LOW and we 
wish to send some data followed by a command to a Serial Proto- 
col Channel the following steps must be executed. First, we will 
bring the C / D line from HIGH-to-LOW to signal that data is going to 
be transmitted. Then we will output a data bit from the 68000 to the 
data-out flip-flop, as depicted in Figure 28. Then we will output a bit 
to set the SLCK HIGH and then the SLCK back LOW. Next we will 
change the data bit to a new value and again toggle the SLCK 
HIGH and back LOW. We will continue this sequence until the 
required number of data bits has been transmitted out the channel. 
In our design example in the case of Channel 1, we will output a 
total of 1 12 bits of data. Next, we will toggle the C/D line from the 
LOW state to the HIGH state. This will set the SPC to receive a com- 
mand. Again, the data-out flip-flop will receive the first least signifi- 
cant command bit and then toggle the SCLK to HIGH and back 
LOW. This sequence of outputting a command bit and toggling 
SCLK will be repeated until all command bits have been transmit- 
ted. In the case of SPC Channel 1 in our example design, this 
would require a total of 28 command bits. At this point, if we wish to 


execute this command for this channel, we will bring the C/D line 
LOW, then cause the SCLK to go HIGH-to-LOW and then bring the 
C/D line back HIGH. This will complete the execution of the 
instruction just transmitted into this Serial Protocol Channel. 

Similarly, Figure 29b shows the sequence for taking data out of 
a Serial Protocol Channel by means of executing a command that 
is input into the channel. The scheme here is similar to that 
described in Figure 29a. Remembering that we enter into the SPC 
frame with the C/D line HIGH and the SLCK LOW, we can begin by 
applying the first data output bit. Next we simply toggle SLCK 
HIGH and back LOW and continue this sequence until the correct 
number of command bits has been output into the port. After this 
has been completed, we bring the C/D line LOW which causes the 
device, such as the IDT49FCT618 register, to begin the execution 
of the command. This will result in the first data output bit being 
presented on the data-out line. At this point, we can do a 68000 
read cycle of the data as depicted by the R in Figure 29b. What we 
are actually doing is executing the 68000 instructions required to 
read in this data bit from the Serial Protocol Channel and store it 
internally in a register in the 68000. After we have completed the 
read , we now toggle the SCLK HIGH and back LOW. This will have 
the effect of terminating the execute command inside of the 
IDT49FCT61 8. Since it is assumed we are executing some type of 
read command, the data will be loaded into the SPC data shift reg- 
ister inside of the device. Next, we read the second bit into the 
68000 indicated by an R in Figure 29b. We follow this by toggling 
the serial clock line HIGH and back LOW, causing the internal SPC 
register to shift again. We repeat this sequence of instructions, 
reading the data bit into the 68000 and then toggling the SCLK, 
until all of the data is shifted into our 68000 processor system. If we 
were reading a word from the writable control store, this would 
require a total of 112 shifts to read the entire word. If we were 
reading a word from the IDT49C403, as connected to SPC Channel 
4, it would require a total of 1 9 shifts. If we were reading a word from 
the data-out register and MAR register, as connected to Serial 
Protocol Channel 3, it would require a total of 32 shifts. 
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C/D 


The Actual SPC Signals Generated by the 68000 Interface 


jnjn_TLJT_ri_rLn 

xzxzxzxzxzxzxz: 


EXECUTE INTERNAL (XFER) 


E 


Figure 29A. Data Into SPC 


C/D 



SCLK | 

sra XHXHXZDC^ 

EXECUTE INTERNATIONAL (XFER) 1 e f 


zzxzdcdcdczxz: 

R R R R R R 

Figure 29B. Data Out of SPC 


Example Software 

Next, let’s examine some of the actual 68000 code that we used 
to implement the Serial Protocol Channel Interface. First, let me 
explain that all of our software is stack oriented and we pass 
parameters and variables on a data stack that is pointed to by 
address register A6 in the 68000. Thus, we use register A7 as the 
normal return stack register and we use pointer A6 as a data stack 
pointer in our software. In addition, our software registers DO, D1, 
D2 and D3 are unprotected and are assumed to be destroyed by 
any subroutine call. Similarly, registers A0, A1 and A2 are unpro- 
tected and are also assumed to be destroyed by any subroutine 
call. This is always true except for a few very tightly coupled, very 
local subroutines that are part of a local larger routine or two spe- 
cial subroutine cases for A0 that we do not need to discuss at this 
time. Similarly, our software requires the user to protect registers 
D4, D5, D6 and D7, as well as address registers A3, A4 and A5, if 
they are to be used in the routine. Thus, these registers are always 
protected and can be assumed to remain correct after subroutine 
calls. 

With this background, we can now examine a few of the key 
68000 routines that we use to interface to the Serial Protocol Chan- 
nel hardware. First, let’s look at the routine we use for sending 
BITSOUT into the Serial Protocol Channel. The first software 
routine that we will examine is one that we call “BUFFOUT”. This 
routine, Figure 30, will move the contents of a buffer pointed to by 
the address on the stack to the hardware port number that is on the 


stack. It will transmit the number of bits as contained in the word on 
the stack. Thus, our stack pointed to by register A6 contains three 
values. The first is a long word containing the hardware port num- 
ber offset address; the second is a word containing the total num- 
ber of bits to be transmitted; the third is a long word pointing to the 
buffer where the bits to be sent out are located. If we examine this 
routine, we will find that we always save and restore protected reg- 
isters on the return stack. Thus, we enter a move multiple instruc- 
tion as the first instruction and save the protected registers that we 
intend to use. Next, we see that we move the three passed parame- 
ters from the data stack into working registers inside the 68000. 
Since our goal is to send the “total number of bits”, we need to fig- 
ure out how many 16-bit words there are to be sent and then how 
many additional bits remain to be sent. This is achieved in our ex- 
ample code by taking the contents of register D5, moving it to reg- 
ister D6 and then rotating it down 4 bits. This will give the total num- 
ber of 16-bit words in register D6 and will leave, after MASKING, the 
total number of remaining bits in register D5. Next, we hit an in- 
struction sequence where we simply move the first word to the 
stack, as well as the number of bits to be sent, the hardware port 
number to the stack and call a routine called BITSOUT. This sub- 
routine, (Figure 31), “BITSOUT”, actually interfaces to the SPC 
hardware. If we study “Buff Loop" routine, we will find that we sim- 
ply loop in this routine until we have sent all of the whole words to 
the BITSOUT subroutine. We then pass one more time in the rou- 
tine called “Buff Words Done” to send out the remaining bits. Next, 
let us examine the routine called “BITSOUT”. 


14-180 





SPC PROVIDES BOARD AND SYSTEM LEVEL 
TESTING THROUGH A SERIAL SCAN TECHNIQUE 


APPLICATION NOTE AN-16 


This routine will move the buffer pointed to by the address on the stack 
to the Hdw port number on the stack. 

Registers Used: d4, d5, d6, a3 

Stack: (Bufferaddr. 1 , TotalNumBits .w, HdwPortNum.l — ) 


BuffOut: 





movem. 1 

d4-d6/a3,-(a7) 

;Save Reg 



move . 1 

(a8)+,d4 

; Hardware Port Number 



move.w 

(a8)+,d5 

;Number Bits 



movea. 1 

(a6)+,a3 

;Buffer Pointer 



move.w 

dS,d8 

;oopy number of bits 



lsr.w 

#4,d6 

;make d6 number of words 


andi.w 

#$000F,d5 

;Upper part of bits = 

0 


BuffLoop: 





cmpi.w 

#0,d6 

; count equal ? 



beq 

BuffWordsDone 




move.w 

(a3)+,-(a6) 

;Buff to stack 



move . w 

# 16 , - (a8) 

;18 bits 



move. 1 

d4,-(a8) 

; Hardware Port number 

to 

stack 

jsr 

BitsOut 




subq.w 

#l,d8 

;bump count 



jmp 

BuffLoop 




BuffsWordsDone: 





cmpi.w 

#0, d5 




beq 

NoBits 




move . w 

(a3)+,-(a8) 

;Buff to stack 



move.w 

d5,-(a8) 

;Bits to stack 



move . 1 

d4, - (a8) 

; Hardware Port number 

to 

stack 

jsr 

BitsOut 




NoBits: 





movem . 1 

rts 

(a7)+,d4-d8/a3 

;Restore Reg 




Figure 30. Routine to Send a Data Buffer Out to SDI 


14 
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This routine will move the bits (or part -word) on the stack to the Hdw port 
number on the stack. 

Registers Used: do, dl, d2, d4, d5, d6, aO, a3, a4 
Stack: ( Data.w, NumBits.w, HdwPortNum.l — ) 


BitsOut: 

movem.l d4-d6/a3,-a4,-(a7) ;Save Reg 


move.l 

(a6)+,d4 

move.w 

(a6)+,d6 

andi . 1 

#$ooif ,de 

move.w 

(a6)+,d5 

lea. 1 

BaseData, a3 

lea. 1 

Baseclk, a4 

move.w 

do, (a4, d4) 

BitsOutGo: 

move . w 

#0 , dO 

move.w 

#l,dl 

clr. w 

d2 

BitsOutLoop: 

cmp. w 

d2 , d8 

beq 

BitsOutDone 

move.w 

ds, (a3 , d4) 

move.w 

dl, (a4,d4) 

move.w 

do, (a4,d4) 

lsr. w 

#l,d5 

addq. w 

#1 ,d2 

imp 

BitsOutLoop 

BitsOutDone: 

movem.l 

(a7)+,d4-d6, 

rts 


; Hardware Port Number 
;Number Bits 

‘.safety limit to 31, actual is 16 max 
;Data Word 


;Set it LOW 

; Clock Low - use dO.dl for 
; speed , convenience 
;Clock High 

; count equal ? 

;send character 
;SCLK - clock high 
;SCLK - clock low 
;Next bit 
;bump count 


-a4 ;Restore Reg 


Figure 31. Routine to Send a Data Word Out to SDI 


This routine, “BITSOUT," will move the bits on the stack to the 
hardware port number on the stack. Again, three parameters are on 
our data stack when we enter this routine. They are the hardware 
port number address offset, the number of bits to be transmitted 
and the actual data word containing the bits. Once we have 
popped these parameters into 68000 registers D4, D5 and D6, we 
load our hardware BaseData and hardware BaseClock addresses 
into A3 and A4. After some other testing and initialization we finally 
arrive at the BITSOUT go loop. Here is where we actually transmit a 
data bit, contained in register D5, to the data-out flip-flop, then tog- 
gle the serial clock HIGH and then LOW atthe appropriate channel. 
Finally, we shift the data word and then bump the bit count to see if 
we have completed the right number of BITSOUT. When we have 
transmitted the correct number of bits (note: the maximum should 
be 16 bits), we return from this subroutine. The return will actually 


be to the BuffOut loop where the next word will be set up in that 
loop. 

The second key set of software for interfacing to our SPC hard- 
ware is the “Get SPC Data Subroutine.” This routine will get data 
from the SPC hardware port and put it in a temporary buffer. Again, 
three parameters are passed to this routine on our operand stack. 
They include the hardware port number offset, the total number of 
bits to be input and the address of the temporary buffer in the 68000 
address space. In studying this routine, as shown in Figure 32, we 
see we pop the parameters off the stack and set up our hardware 
base address registers. Then, we go to the “Bitsln Loop” where we 
actually get a bit and then toggle the serial clock HIGH and back 
LOW. Next, we MASK the most significant bit of the word we have 
just read because that is the actual data bit input from the SPC port. 
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We move it into the final destination register by first shifting this reg- 
ister and ORing in the actual data bit. We decrement the counter 
and branch to execute the loop again if we have not completed the 
entire total number of bits. Notice that, by means of the “MoreBits" 
external loop, we always read in full 16-bit words. Here, of course, 
the last few bits may actually be don’t cares but the final word is 
indeed aligned on the least significant bit boundary for the useful 
bits. 

While we’re discussing software, let’s review two additional use- 
ful small software routines. The first, depicted in Figure 32, is a rou- 
tine called SPC Execute that will execute the command that has 
been transmitted to the C and D registers. It will use the hardware 
port number that it gets from the operand stack pointed to by A6. It 


will pulse the C/ D and SLCK appropriately tocause a command to 
be executed. The timing is such that the C/D line will be brought 
from HIGH-to-LOW, then the SLCK will be toggled from LOW-to- 
HIGH-to-LOW and the C/D line will be brought back HIGH. This 
results in leaving the C/D line HIGH and the SLCK line LOW, as 
desired. The code simply consists of four moves to the hardware 
data ports on the 68000 and then returns to the calling routine. We 
call this little routine “SPC Execute.” The other routine, shown in 
Figure 33, is even simpler. This routine will simply pulse a WCS 
control reg ister to cause an actual write to the writable control store. 
The final details of this usage will be described later. What this 
routine does is simply pulse the Command/Data line (C/D ) on the 
SPC channel from HIGH-to-LOW and back to HIGH. 


This routine will get data from the Spc Hdw port and put it in SpcBufl 

Registers Used: do, dl, d2, d4, d5, d0, aO, a3, a4 
Stack: ( Bufferaddr . 1 , TotalNumBits .w, HdwPortNum.l — ) 


GetSpcData: 

movem. 1 

d4-d5/a3-a4,- 

move. 1 

(a6)+,d4 

move.w 

(a8)+,d5 

movea. 1 

(a6)+,a3 

lea.l 

BaseCD.aO 

move.w 

#0 (aO,d4) 

lea.l 

BaseData, a4 

lea.l 

BaseClk, a5 

MoreBits : 

clr.w 

dl 

move.w 

#16, d2 

BitsInLoop: 

move.w 

(a4,d4) , do 

move . w 

#1, (a5,d4) 

move.w 

#0, (a5,d4) 

andi.w 

#$8000, dO 

lsr.w 

#l,dl 

or.w 

dO.dl 

subq.w 

#1 , d2 

bne 

BitsInLoop 

move.w 

dl, (a3)+ 

move.w 

#16, do 

sub.w 

do , ds 

bpl 

MoreBits 

lea.l 

BaseCD.aO 

move.w 

#1, (a0,d4) 

movem. 1 

(a7)+,d4-d5/a! 

rts 


(a7) ;Save Reg 

; Hardware Port Number 
; Number Bits 
•.Buffer Pointer 

;set to data mode 


; final word, set to 0 

;set for 16 bits 

;get a bit 
; SCLK - clock high 
;SCLK - clock low 
;mask to msb 
; shift buffer down 1 
;put in actual buffer 
;bump counter 
;16 bits yet? 

;put word in buffer 

;16 bits done. Extra bits = don't care 
;Use do sub.w since subq.w is 8 max 

;not done yet 


;set to command mode 
•a4 ;Restore Reg 


Figure 32. Routine to Get Bits from SDO 
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This Routine will pulse the Wes control register C/D H-L-H for writing. It will 
use the hardware port number. 

Registers Used: do, aO 
Stack: ( HdwPortNum.l ) 


SpcWritePulse: 
move . 1 

(a6)+,d0 

; Hardware port number 

lea. 1 

BaseCD.aO 

;Base for CD hardware 

move.w 

#0, (aO, dO) 

;set to data mode 

move.w 

#1, (aO.dO) 

:set to command mode 

rts 




This routine will execute the command in the C and D registers. It will use 
Hdw port number from the stack. It will pulse the execute. CD = H-L-H, 

Clk = L-H-L. 

Timing is: C/D* H H L L L H H 

SClk L L L H L L L 

Registers Used: do, aO, al 
Stack: ( HdwPortNum.l ) 


SpcGxecute: 

lea. 1 
lea. 1 
move. 1 

move . w 
move . w 
move.w 
move.w 

rts 


BaseCD.aO 
BaseClk, al 
(a6) +, do 


'.Base for CD hardware port 
;Base for Clk hardware port 
;Hardware port number 


#0, (aO,dO) 
#1, (al.dO) 
#0, (al.dO) 
#1, (aO.dO) 


;set to data mode 
;clock high 
;clock low 

;set to command mode 


Figure 33. Routines to Write Word to WCS 


The Hardware 

Next, let’s examine the Writable Control Store (WCS) State 
Machine portion of our 16-bit example computer design. This is 
shown in more detail in Figure 34. What we see here is the 
IDT49C410 sequencer driving the address lines of the 16K x 96 
writable control store, in this case, our actual design utilizes 16Kx4 
IDT7198 RAMs. We use a total of 24 of these RAMs to achieve a 
96-bit wide writable control store. We use six of the IDT49FCT618 
registers to provide a total of 96-bits of pipeline register. A seventh 


IDT49FCT618 is used to provide an address to the writable control 
store when we are in the load or read Writable Control Store mode 
by means of the Serial Protocol Channel. We use an eighth 
1DT49FCT618 on a completely separate Serial Protocol Channel 
(Channel 7), to control the interface to the State Machine. This 
eighth IDT49FCT618 hooked to SPC Channel 7 is called the WCS 
control register. Let’s examine its functions. First, bit Y2 is used to 
select the address source of the writable control store to be either 
the IDT49C410 sequencer or the IDT49FCT618 WCS address 
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register. Thus, the Writable Control Store can get its source ad- 
dress from one of two points as controlled by this bit in the WCS 
control register. Bit YO is used to control the write enable line of the 
16K x 96 writable control store, while bit Y1 is used to control the 
output enable of this WCS. Notice that we do not need or use the 
chip select on the RAMs in the writable control store so it is simply 
tied to ground. In normal execution for our 16-bit computer, we 
would expect that the write enable input to the writable control 
would be HIGH , the output enable to the writable control store 
would be LOW and the IDT49C410 sequencer would provide the 
address to the writable control store. 


When we want to talk to the writable control store by means of 
the Serial Protocol Channel, the following events must take place. 
First, we will transmit a command by means of Channel 7 to the 
WCS control register where we will bring control of the address to 
the IDT49FCT618 WCS address register and deselect the 
ICT49C41 0 sequencer. However, we also need to know if this Is go- 
ing to be a read command for the WCS or a write command for the 
WCS. If it is a read command, we want to leave the WCS output en- 
able LOW. If it is a write command, we want to bring the WCS out- 
put enable HIGH. Thus, it is obvious we need two types of WCS 
commands: a WCS read and a WCS write. 



SDOi 


Figure 34. The WCS State Machine Portion of Our 16-BK Example Computer 


Writing WCS 

Let’s assume we wish to do a WCS write. We load the WCS com- 
mand register with a bit to select the IDT49FCT618 address regis- 
ter and a bit to bring the output enable HIGH. The write enable 
should already have been HIGH. In this design, these bits are actu- 
ally being stored in the main data register of the IDT49FCT618. A 
detailed diagram of the IDT49FCT618, for purposes of understand- 
ing the WCS control register, is shown in Figure 35. We will achieve 
this loading of the proper bits by first transmitting the data, then 
transmitting the command in the IDT49FCT618. The command we 
have entered into the IDT49FCT618 is command number 10 (HEX 
A) which will load the data into the main data register. Since our 
goal is to write data into the writable control store, we next need to 
send the appropriate address and data out Serial Protocol Channel 
1 into the pipeline register and WCS address register. Without wor- 
rying about where the address and data actually come from, let’s 
simply assume we transmit the data out the SPC Channel 1 , switch 


to the command mode and transmit the command out Channel 1 . 
Due to the method of interconnect of the WCS address register and 
pipeline register, the first 4-bit command will be opcode 8 while the 
next six 4-bit commands will be opcode 9. That is, we want to force 
the address data out the Y port on the WCS address register and 
the data out the D port on the pipeline register. Now we come to the 
tricky part. What must be accomplished at this time is the following. 
We need to bring the command data line of Channel 1 LOW to start 
executing the command that points the data and address toward 
the writable control store. After this, we must execute a command 
on SPC Channel 7 so to cause the write enable line on the WCS 
memory to toggle from HIGH-to-LOW and back to HIGH. This will 
write the data driving the WCS data and address lines into the 
memory. What we have found to be most beneficial is the following; 
when the original command that was loaded into the WCS control 
register selected the IDT49FCT618 and deselected the 
IDT49C410, we executed that command and loaded a HIGH, 
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HIGH, LOW into the main data register bits Y2, Y1 and YO. Follow- 
ing that, we found it most beneficial to load the SPC data register 
(see Figure 35) with a LOW, HIGH, LOW for bits 2, 1 , 0, respectively, 
and the 4-bit command register with command 8, the diagnostic 
register to Y command. This now puts us in the position of having 
the normal signals in the main data register and the write signals in 
the SPC data register, as shown in Figure 35. What we can do then 

CMD 15 CMD 9 CMD 8 CMDO 


is simply bring the command data line HIGH-LOW-HIGH and 
execute a write in the WCS. This will force the WCS write enable 
line from the HIGH state to the LOW state and back to the HIGH 
state. Then, we can complete the execution of the instruction of 
SPC Channel 1 by pulsing the serial clock HIGH, then back LOW 
and then bring the C/D line HIGH. An example of the 68000 code 
for executing this sequence is shown in Figure 33. 

D 



Y 


Figure 35. Detailed Diagram of IDT49FCT618 for Understanding WCS Control Register 


Figure 36 shows the actual bit definitions for the 96 bits of 
microcode in this design example. If we study this bit definition and 
then review Figure 25, the block diagram of the design example, 
and Figure 26, the Serial Protocol Channel definition of the design 
example, we can arrive at an interesting conclusion. Channel 3 of 
our design utilizes the memory address register (MAR) and 
data-out register (DO) in a similar fashion to Channel 1 . It turns out 
that the 96-bit pipeline register is the main control register to the 
32K x 16 main memory. Thus, we have the same architecture for 


the 32K x 16 main memory RAM that we do for the writable control 
store. That is, we have both an address and data interface mecha- 
nism, as well as control bits that will control reading and writing. 
There are a couple of significant differences in that, in terms of the 
main memory control, we actually must be able to force a write 
without the use of the system clock. Thus, we have an architecture 
that will allow us to write main memory from SPC in much the same 
fashion that we write the WCS memory from SPC . 
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Figure 36. Definition of Microcode Bits 


Serial Protocol Design Example #3 

The following design example uses a 4K x 16 RAM identified as 
the IDT71502. The IDT71502 is a high-speed RAM with a pipeline 
register built Into the output and includes an SPC channel for in- 
itialization and configuration. This design example shows how it is 
used and a simple circuit that can be constructed to initialize it from 
code stored in a slower access EPROM at system power up time. 

General Description of IDT71502 

The IDT71502 Registered RAM consists of a 4K x 16-bit RAM 
plus a 16-bit pipeline register and is designed for microcode 


writable control store use. A serial shift register system, the Serial 
Protocol Channel (SPC), is included on-chip for serial load and 
readback of the RAM data. A RAM address counter is also provided 
to speed up RAM load and readback. The SPC serial shift register 
is also configured to be used as a diagnostic register. The shift reg- 
ister can read all status conditions on the chip such as the RAM out- 
put, pipeline register output, data output pin state and RAM load / 
read counter value. A breakpoint comparator is included to 
support the diagnostic function. This breakpoint comparator can 
be used to detect a particular bit pattern in the RAM address or 
pipeline register outputs. 
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Figure 36. Block Diagram of IDT71502 4K x 16 Registered RAM 
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The IDT71502 Registered RAM includes features to support 
control store applications. These include synchronous output 
enable and an initialize register for selecting the initial value of the 
pipeline register. A parity output is provided which indicates the 
parity of the contents of the pipeline register. The parity output can 
be used to provide parity check control for high-reliability systems. 


The I DT7 1 502 RAM can also be used as a trace RAM for record- 
ing external data. In this mode, the data I/O pins are inputs and data 
is clocked into the RAM using the Initialize registers as the address 
counter. The trace mode, in combination with the breakpoint 
comparator, allows the IDT71502 RAM to be used as a one-chip 
logic analyzer. 


COMMAND/DATA 
SERIAL DATA| N 

SERIAL CLOCK 



SERIAL DATAqut 


MUX ENABLES 
AND REGISTER 
STROBES, ETC. 


DIAGNOSTIC DATA 
TO/FROM CHIP 


Figure 38. SPC Data and Command Registers for the IDT71502 


The Serial Protocol Channel (SPC) logic consists of a 16-bit data 
shift register, an 8-bit command register and clock logic consisting 
of gates and a flip-flop. The command decode logic decodes and 
executes the command in the command shift register using the 
clock from the clock logic. The command is divided into two four- 


bit fields. The most significant four bits of the command register 
define the command to be executed: read, write, etc. The least 
significant four bits define the register to be read or written. (Note: 
The data to the SPC is shifted in LSB first.) 
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Breakpoint Comparator Operation 

The Breakpoint Comparator (BC) provides a masked 16-bit 
comparison of the various data paths that can be read by the SPC. 
It consists of an equal-comparator and the Break Data and Mask 
registers, as shown in the Breakpoint Comparator Logic Block Dia- 
gram. The BC compares the data from the chip against the data in 


the Break Data register and activates the Breakpoint Compare out- 
put if the two are equal . The Mask register enables comparison. If a 
bit in the Mask register is a one, comparison is enabled on the cor- 
responding bit in the Data register; if zero, the comparison on that 
bit is disabled: i.e. forced to equal. 
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50E FLIP-FLOP 


BREAKPOINT 
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Figure 40. Breakpoint Comparator Logic Block Diagram 


Trace Mode Operation 

When the Trace bit in the Set-up register is set, the chip is in the 
Trace mode. In this mode, data from the chip data pins Y15-Y0 is 
written Into sequential locations ip the FlAM. The address for the 
RAM comes from the Initialize counter, which is incremented after 
each RAM write. The Trace mode is used to record external data 
events in the same manner as a logic analyzer. The Trace mode 
recording sequence is as follows: 

1. Data from the I/O pins is written into the pipeline register 
by the clock 

2. Data in the pipeline register is written into the RAM by a 
one shot driven by the trailing edge of the clock. 

3. The initialize counter is incremented by the trailing edge of 
the RAM write pulse. 

Using Trace Mode as a Logic Analyzer 

The Trace mode allows the IDT71502 to be used as on on-board 
logic analyzer for system diagnostics. It is particularly powerful 


when used in conjunction with the breakpoint function. IntheTrace 
mode, data is recorded in sequential locations in the RAM as con- 
trolled by the Trace counter. Since the incoming data is clocked 
into the pipeline register, the set-up and hold times are short and 
compatible with capturing changing bus data, for example. A 
block diagram of a system with an IDT71502 used in the Trace 
mode is shown in Figure 41. 

The breakpoint outputs from the IDT71502 devices in a system 
can be used to control the T race mode writing. The breakpoint out- 
puts are open drain types which provide a wire-AND function when 
connected together to a single pull up resistor. By tying the break- 
point outputs for the writable control store RAMs and the trace 
RAM, a breakpoint comparison can be made over the full 
microcode word plus the data bus contents. This comparison can 
be used to enable the trace write so that only data which occurred 
at the breakpoint times is recorded. This allows recording the data 
that was on the bus during each instance of an I/O write, for 
example. 
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Figure 41. IDT71502 Used as WCS and Bus Trace 


Using the Registered RAM in Writable Control 
Stores 

The IDT71502 Registered RAM is designed expressly for effi- 
cient use in writable control stores. A simplified block diagram of a 
16-bit microprogram controlled system using the IDT71502 is 
shown in Figure 41. The system shown uses four IDT71502 
Registered RAM chips to provide 4K x 64 of microcode writable 
control store. 

Serial Loading of the IDT71502 Using the SPC 

In order to use the IDT71502 in writable control store applica- 
tions, it must be loaded with the microprogram before use. This is 
done using the SPC. Loading the RAM over the SPC can be done in 
several ways. The microcode can be loaded from a central micro- 
processor which can perform both microcode load and system 
diagnostics at power up or it can be loaded using dedicated load 
logic. 


An example of a design of this dedicated load logic is shown in 
Figure 42. The purpose of this example is to show how one goes 
about designing this logic. This example shows an approach 
which loads the RAMs with data from a single EPROM. The load 
logic gets its SPC command and data information from the 
EPROM. It is controlled by single byte instructions from the same 
EPROM. The format of these instructions is shown in Figure 43 and 
a map of the typical contents of the EPROM is shown in Figure 44. 

The load logic consists of a 16-bit address counter, an 8-bit shift 
register, a 4-bit byte counter and a PAL containing a 2-bit instruc- 
tion register. The logic in the PAL interprets the 2-bit load instruc- 
tions to cause bytes of command or data information to be loaded 
into the I DT74FCT299 shift register and shifted to the SPC. The two 
IDT74FCT1 61 counters are used to count the bytes being sent and 
the 8 bits in each byte. 
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Figure 42. Microcode Load Logic Example 


The format of the load logic Instruction is shown in Figure 43. 
Each instruction consists of two bits of opcode and a byte count. 
The serial data that Is shifted out of the automatic loader is always 
in multiples of 8-bits. 
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Figure 43. Microcode Load Logic Instruction Formats 


An example of some code is shown in Figure 44 in the form of a 
memory map. Each instruction to the loader logic is followed by 
data to be shifted out to the IDT71502. There is a block of com- 
mands followed by a block of data and so on. 
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Figure 44. Microcode Load EPROM Memory Map 


Summary 

IDTs innovative Serial Protocol Channel has been architected 
in such a way that it can be easily implemented in many different 
applications. The cascading feature on the SPC not only allows a 
complete system debug and test, but specific blocks of logic can 
be tested by breaking the test program loop into multiple mini- 
loops, thus performing much tighter diagnostic checks. 


Finally, as chip technologies continue their push towards more 
heavily integrated VLSI architectures, IDT has responded with the 
right tool for enhancing and simplifying in-circuit testing and 
diagnostics— the Serial Protocol Channel. 
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INTRODUCTION 

This application note shows a relatively simple method of imple- 
menting an N-tap finite duration impulse response (FIR) filter using 
FIFOs for the data and coefficient storage instead of space-con- 
suming counters, FtAMs and control logic. The multiply-accumu- 
late operations can be performed by high-speed 16x16 multiply- 
accumulators (MACs) such as the I DT721 0/7243. 

Finite duration impulse response filters are popular in many 
DSP applications. FIRs have no feedback elements and no poles 
and they are unconditionally stable. Also, with FIRs one can 
have linear phase response that may be important for certain 
applications. 

FIR filters are one of the basic building blocks of digital signal 
processing (DSP). The FIR filter uses digital components to per- 
form the same function as analog filters. The FIR filter uses digital 
multipliers and accumulators to perform a series approximation of 
an analog filter. High-pass, low-pass and band-pass filters may be 
implemented. The digital FIR filter has several advantages over its 
analog counterpart. Its performance can be precisely specified 
and does not drift with time. Also, the filter type and performance 
can be changed with no change in hardware components and not 


introduce any amplifier noise. These features make the FIR filter 
popular in high-performance designs. 

The FIR filter continuously processes (i.e. filters) the digital 
equivalent of the input analog signal. It does this by processing 
each input digital data word in a repetitive manner as a sum-of- 
products algorithm. In this algorithm, the current data word and 
some number of previous data words are each multiplied by a co- 
efficient and the resulting products are summed. The fi Iter type and 
performance are determined by the combination of the number of 
previous data words used and by the coefficients. The number of 
data words used is called the number of filter taps. An N-tap filter 
uses N data words and coefficients in the FIR calculation. 

An FIR can be thought of as an average of incoming data values. 
Each of the successive data values is multiplied by its own coeffi- 
cient and these values are totaled by an adder. A block diagram of 
this operation is shown in Figure 1. This sequence continues for 
each clock cycle as each data value advances one position and is 
muitipl ied by a new coefficient and a new sum is output. If one used 
a multiplier for every tap, al to a4, and an adder that added the four 
products (the multiplier outputs), a result can be obtained every 
cycle. 



OUTPUT 


Figure 1. FIR Block Diagram 


In many applications, only one MAC is used and the calculation 
is performed in 4 clock cycles for a four tap filter. If a single chip 
MAC is used, the appropriate data and coefficients are loaded to 
the MAC input registers. A new output results every four cycles, 
while a new input data value is loaded every four cycles. The hard- 
ware for loading the data and the coefficients is RAM with up/down 
counters and some logic. However, with the advent of FIFOs with 
asynchronous read and write capabilities and retransmit capabil- 
ity, one can have a better solution. 

The IDT7201/7202 are high-speed 512x9 and 1 K x 9 FIFOs that 
can be used to hold the data and coefficients for FIR filters. Higher 


density FIFOs such as the IDT7203/7204 (2K x 9/4K x 9) are also 
available. The IDT7201/7202, shown in Figure 2, are high-speed 
buffers that have an access time of 35ns and a cycle time of 45ns. 
These FIFOs support asynchronous and simultaneous read and 
write operations. On every falling edge of the write line, a new write 
cycle begins. The write pointer is incremented on every rising edge 
of the write line. On every falling read edge, a new read cycle 
begins and the read pointer is incremented on every rising read 
edge. The data is available after a delay of t A (or 35ns for the high- 
est speed part) after the falling read edge. 
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DATA INPUTS 



The IDT7201/7202 FIFOs have a retransmit feature which is par- 
ticularly useful in applications where the same data is repeatedly 
required. In a FIFO, N bytes can be written and then read. The 
retransmit feature allows the same N bytes to be read again without 
rewriting them. The retransmit feature resets the read pointer in the 
FIFO to zero, allowing a reread of the written information. If a FIFO 


is used to hold the filter coefficients, the retransmit feature can be 
used to reread the coefficients for each FIR calculation pass with- 
out having to reload them. Retransmit is performed by pulsing the 
retransmit input with the read and write clock lines high. This is 
shown in Figure 3 and, in greater detail, in Figure 7. 


MAC DATA 
IN X REG 


MAC COEFFICIENT 
IN Y REG 

CLOCK IN 
ENABLE DATA 

RETRANSMIT 



Figure 3. Sequence of Operations to Perform an FIR 
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The clock cycle time can be at 120ns with a 50% duty cycle. For 
the datastorage, the data is read from the FIFO, passes through the 
multiplexer and is then stored back in the FIFO. The delay path for 
the clock low time is as follows: 


Read Going Low to Data on FIFO Output 35ns 

FIFO Output to Multiplexer Output 5ns 

Multiplexer Output to Write Going 18ns 

Low-to-High (Set-up) 


Minimum Clock Low Time 58ns 

The delay path for the clock high time is as follows: 

Control Circuit to Have RT Go From High-to-Low 10ns 
Retransmit Minimum Low Time 35ns 

Read and Write High Time After the RT Low-to-High 10ns 


Minimum Clock High Time 55ns 


Timing diagrams for these cases are shown in Figures 4 and 5. 
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te = Time for External Circuit to Create RT Going From 
High-to-Low = 10ns 

t 7 = Minimum Pulse Width for Retransmit Pulse = 35ns 

ta = Read/Write High Time Requirement After the RT 
Goes From Low-to-High = 10ns 

Figure 5. Clock High Timings 


The MACs have input registers and an output accumulator. The 
MAC specification is based on the multiply-accumulate time or the 
time it takes for the input operands to be multiplied, the accumula- 
tor added or subtracted from this product and the result stored in 
the accumulator. The specification, called the multiply-accumu- 
late time, is a register-to-register delay. 

Another timing consideration for the data path is the set-up time 
for the MAC’S input registers. In the case of the FIFO loading data to 
the MAC, the t A of the FIFO plus the set-up of the MAC is 60ns (for 
the IDT7210/7243 100ns MACs) and this delay is equal to the sug- 
gested clock low time. 

With the configuration shown in Figure 6, the clocked cycle time 
is 120ns at a 50% duty cycle using 35ns FIFOs (IDT7201/2) and 
100ns multiplier-accumulators (I DT72 10/7243). This system gives 
an output every 120Nns where N is the number of taps. 


NEW DATA COEFFICIENTS 



RETRANSMIT 


FILTER OUTPUT 



Figure 6. Logic Implementation of N-tap FIR 


ti = FIFO Access Time = 35ns 

t 4 = MAC Data Set-up Time = 25ns on 100ns (comm.) MAC 
Figure 4. Clock Low Timings 


If the 120ns cycle time is considered slow for the user’s applica- 
tion, a faster speed of 70ns cycle (60ns clock low and 10ns clock 
high) can be achieved. This is done by recirculating the coeffi- 
cients through the FIFO using a multiplexer instead of using the 
retransmit feature, as shown in Figure 7. This is similar to the way 
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the data is recirculated on the left side of Figure 6. The difference is 
that the coefficients are loaded into the FIFO initially from another 
source and, after loading, the FIFO output data becomes its input 
data (i.e., the input MUX selects the FIFO output to be the input 


after the initial loading of the coefficients). This configuration re- 
duces the clock high minimum time requirement as the retransmit 
feature is not used. The clock low time does not change from the 
60ns value. 


NEW DATA COEFFICIENTS 



FILTER OUTPUT 


Figure 7. Logic Implementation of a Higher Speed N-tap FIR 


The FIFOs used in this application have 35ns access times, but high time was only 10ns. The FIFO read and write minimum high 
MACs faster than the 100ns used in the previous example have to times are also 10ns. This system yields a filter that gives an output 

be used. IDT has MACs that are as fast as 35ns clocked multiply- every 70Nns where N is the number of taps, 

accumulate times and these would have to be used if the clock 
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INTRODUCTION 

Historically, mainframes and mini-computers were imple- 
mented using random logic for sequencing and control. In the 
course of improving performance, the instruction sets were en- 
hanced which, in turn, made the random logic more complex. The 
more complex logic took longer to develop and was more difficult 
to debug and validate. Software came to the rescue in the form of 
microprogramming. The microcode replaced the random logic 
with the regular structure of ROM or Writable Control Store (WCS). 
This allowed for easier updates to the design which could even be 
performed in the field. Not surprisingly, the microprocessor com- 
munity followed the same path of random logic for simpler proces- 
sors to processors with complex instructions sets which are imple- 
mented through microprogramming. 

The gains in microprocessor performance have slowed in pace 
and the implementation has again become very complex. Again, 
software has come to the rescue. There is a new trend today called 
RISC. Since programming techniques have made many recent ad- 
vances more sophisticated, optimizing compilers are available. 
With these compilers the RISC community has opted to greatly re- 
duce the complexity of the processor, eliminating microcode and 
relying upon the compiler to take advantage of using a much sim- 
pler but faster executing instruction set. Through this partitioning, it 
has been demonstrated that a much more efficient solution is real- 
ized for compiled languages such as C. This is shown through the 
numerous benchmarks circulating throughout the industry today. 

Microprogramming has long since grown beyond being used 
just in CPUs. Today, microprogramming provides a technique to 
orchestrate the simultaneous parallel operations of multiple build- 
ing blocks and the buses between them. In this way, algorithms 
that are implemented in a sequential fashion on a conventional 
CPU may be computed in parallel in multiple ALUs and buses. To- 
day, these have been dubbed Very Large Instruction Word (VUW) 
machines. Typically this technique is used in dedicated proces- 
sors and controllers. 

FAST, FLEXIBLE CONTROLLERS 

Today’s high-performance systems are composed of multiple 
processors and controllers working together. Several decades 
ago, in all but the most sophisticated designs, there was one proc- 
essor doing everything. Now, the descendants of these systems 
are more like multicell organisms where each cell is interacting 
with other cells and performing a specialized task. For example, a 
work station today is composed of a central processor (CISC or 
RISC), a graphics/video controller, communications controller for 
ETHERNET or token ring, a mathematics accelerator and a disk 
controller (Figure 1). Except for the main CPU, all of the other ele- 
ments are dedicated controllers. When performance counts, 
microprogram designs today can provide controller solutions that 
operate at more than 20 MIPS, which is an order of magnitude over 
what most fixed instruction set processors can provide today in 
controller-type applications. The fixed instruction CPU does the 
general purpose task at which it is good and coordinates the opera- 
tions of multiple controllers which perform computation-intensive 
repetitive tasks. 


The requirement for many of today’s system designs to provide 
the highest performance possible means that there is a constant 
requirement for high-performance solutions such as micro- 
program architectures. The performance benefit, however, must 
always be traded off with the cost in terms of power consumed and 
number parts in design solution. The power and parts count for a 
solution provided by a given family of devices is directly related to 
the speed/power ratio of the technology used. The new wave of 
very-high-speed CMOS has entered the bit-slice world, thereby of- 
fering ever faster and denser functions. These new building blocks 
are, on the average, four to eight times as wide as 16- and 32-bit 
RALUs (ALUs with deep register files) and twice as fast at 1/4 the 
power of the previous generation of bipolar bit-slice. With the new 
ALUs and sequencers, the microprogram building block approach 
provides solutions that perform more than an order of magnitude 
faster at one to two times the parts count of a fixed instruction 
implementation. 



Figure 1. Typical Workstation Block Diagram 


CONTROLLERS PROFIT FROM 

MICROPROGRAMMING i 

in order to understand why and where microprogramming is a mbm 
very important solution for today’s designer to use, one must com- C Wi Hji 
pare the fixed instruction set processors (CISC and RISC) versus B M Vfjj 
microprogram building block solutions. These two different ap- BBU^I 
proaches have major strengths in different areas. The fixed instruc- 
tion set processors have mainly filled the niche of lower parts count 
solutions for general purpose computation. In the controller area 
they have serviced the low to medium performance solutions. To- 
day, the microprogram bit-slice products have been utilized in 
very-high-performance control applications and emulation of spe- 
cialized computer architectures. To see why, one must inspect the 
architectures (shown in Figure 2) more closely. 
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FIXED INSTRUCTION PROCESSOR SOLUTION 



MICROPROGRAM SOLUTION 
(HARVARD CLASS CONFIGURATION) 


Figure 2. Comparisons of Microprocessors as Controllers 

The fixed instruction set processors (like the 68000 family) fall 
into a class of machines referred to as the Von Neumann-type 
architecture which has an address bus and a data bus linking the 
processor and the memory together. These two buses are some- 
times referred to as Von Neumann bottleneck because all data and 
program instructions must pass through the same address and 
data bus between the memory and processor, limiting the 
bandwidth because, at any given time, only data or program in- 
structions can be fetched or written. The performance is therefore 
directly related to the bandwidth of this data path. For example, in a 
25MHz 68020, for one memory access the clock must cycle three 
times, yielding 8 million data transfers in one second. To perform 
any instruction, the processor must fetch the opcode, source and 
destination designators and the data. This can be anywhere from 
two memory cycles to many and averages around 2 to 3 memory 
cycles. At a bus cycle rate of 8MHz, this results very simplistically in 
2.75 to 4 MIPS. These theoretical numbers exceed actual bench- 
marks for the 68020. Through many years of optimizing the archi- 
tecture and the instruction set, the fixed instruction microproces- 
sors have become very good at performing general purpose type 
computations such as implementing operating systems, compil- 
ers, word processors and spread sheets. Because the instruction 
set is fixed and has been added to over the years, previous software 


written from these processors has been brought forward, making a 
very rich base of application software to solve all sorts of applica- 
tions. Use of high level languages has made this process much 
easier. 

The RISC approach is proceeding to take over large segments 
of these general purpose computing area. Major improvements 
have been made via various approaches, some of which include: 
1) deeper pipelines, hence faster cycle times to match faster static 
RAMs; 2) separate instruction and data caches to allow the proces- 
sor to fetch data and instructions simultaneously, improving on the 
Von Neumann bottleneck through an Internal Harvard class-like 
architecture; and 3) large register files to avoid going off-chip for 
data. Fora given level of technology, the RISC approach conserva- 
tively seems to provide two to three times the improvement current 
CISC. Not to be outdone, the newer CISC chips will start to incor- 
porate many of these features on-chip. 

The microprogram building block approach has many of the 
features that RISC has but with the flexibilty to fit into many different 
classes of bus architecture. In the simplest approach, one sequen- 
cer and ALU can be used with fast static RAM to form a Harvard 
class architecture similar to that used by the high-performance 
RISC designs. The microprogram approach allows instructions to 
be fetched at the same time that data is fetched. The ALUs incorpo- 
rate such RISC features as simple orthogonal instruction sets, 
large expandable register files (32 and 64 locations) and single cy- 
cle operation. 

The sole purpose of the sequencer is to generate a new address 
on every clock cycle. Thus, an instruction can be fetched on every 
clock cyle and placed in the instruction register. In the micropro- 
gramming world, the instruction register is referred to as the pipe- 
line register. The pipeline register and memory can be from 32 bits 
up to 256 bits wide. The width of this register is tailored in each de- 
sign in order to control multiple operations in parallel, tuning the 
performance to the required application. Unlike RISC, the 
microprogram approach does not use sophisticated MMUs, TLBs 
or caches. In real-time controllers, they only confuse the issue 
where precise cycle times are important. 

Using today’s technology, the IDT49C410 (16-bit micro- 
sequencer) can compute a next address in 16ns. Coupled with 
fast, 15ns static RAM (IDT6167) and high-speed registers 
(IDT74FCT374), sustained instruction fetch rates of 20 million 
ti mes a second can be obtained. This sets a performance level fora 
simple bit-slice architecture at 20 MIPS. By using the VLIW ap- 
proach, multiple operations can be performed in parallel and have 
a multiplying factor times the 20 MIPS. These very high rate instruc- 
tion streams can be used in disk controllers, high-speed graphics 
engines, dedicated DSP architectures for radar/sonar, imaging de- 
vices, communications and robotics, to name a few. 

The most economical, yet highest performance approach to 
utilize microprogramming in controller applications is to imple- 
ment computation intensive and repetitive code with micro- 
program building blocks while relying on the host processor to 
provide all of the glue code. In this way, the tight inner loops are 
implemented In microcode. Since, in any given application the 
number of lines of code dedicated to tight inner loops is very small, 
the total amount of required microcode is reduced. The glue code 
which comprises the lions share of the code can be implemented 
in higher level languages. 
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Figure 3. Graphics Applications Using RISC 
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Figure 4. Graphics Applications Using Microprogram 
Building Blocks 


BETTER GRAPHICS PERFORMANCE 
THROUGH MICROPROGRAMMING 

A graphics controller provides a good example of a controller 
application for comparing the different approaches between RISC 
and microprogramming. One of the key tasks of a hypothetical 
graphics controller is to perform BitBlits to move ICONS in bit form 
out of the dual-port memory host system interface and into video 
memory at arbitrary bit offsets. 

The block diagram shown in Figure 3 pictures a 32-bit RISC 
processor with instruction and data catches and program RAM for 
storing algorithms. When using a RISC solution, a program is writ- 
ten which performs the following loop of operations: 1) compute 
the address of a word of the ICON mask; 2) fetch a word of the 
ICON mask; 3) compute the address of the word in the video mem- 
ory where the ICON mask will be merged; 4) fetch the word; 5) 
align the words; 6) merge the words; 7) store the result back into 
video memory; 8) test a loop variable and 9) branch. Optimisti- 
cally, this loop might be performed in 10 instructions which, at 10 
MIPS sustained, would yield 1 million loop iterations a second. Ten 
MIPS is used as an approximation because there is a maximum 
amount of data movement between locations in the dual-port and 
video RAM which cannot be cache. A more realistic approximation 
requires more instructions with the rate being half or a third of what 
is shown, thus yielding a rate 0.5 million iterations per second. 

The same graphics application can be architected using IDT’s 
CMOS microprogram building blocks as shown in Figure 4. It is 
comprised of a sequencer (IDT49C410A), registered writable 
control store RAMs (IDT71502 - 4K x 16), two 16-bit ALUs 
(IDT49C402A) to compute operand address and a 32-bit ALU 
(IDT49C404A) with register file, funnel shifter and merge unit to 
merge the graphics bits. In this solution the operands are com- 
puted, fetched, merged and stored in parallel. Although the fastest 
DRAMs (IMS2800-60) operate at a minimum cycle time of 120ns, 
two microprogram clock cycles of 60ns each can be utilized to 
form a DRAM read/modify/write operation in 120ns. This 
microprogram clock cycle equates to a 16.6MHz sustained in- 
struction rate. Since two microprogram instructions are required to 


fetch, merge and store, the loop iteration rate is 8 million loops per 
second. This is an order of magnitude performance increase over 
the previously discussed RISC solution. 

The architecture shown in Figure 4 would be very suitable in 
many graphics algorithms and could be considered a general pur- 
pose solution for high-performance controllers. The task would 
then be to microcode the graphics primitives such as vector, arc 
draw, shading and fill. The host processor would be used to com- 
pose the overall image through linking together the primitives. 

Comparing part counts, the RISC solution requires on the aver- 
age of two chips for the processor and two 32-bit blocks of fast 
static RAM (IDT7198, 16Kx 4) for the cache. Both solutions use the 
same amount of dual-port and video RAM; therefore, the only dif- 
ferences would be in computation elements and static RAM. For 
the proposed microprogram solution, there are four VLSI chips 
plus 1 92 bits of static RAM for control store (12 x IDT71502, 4K x 16 
registered RAM). As shown in Figure 5, chip count for the 
microprogram option is less than the RISC option. In this example, 
for the same number of devices, the microprogram building block 
solution offers a 10X performance improvement over the RISC 
alternative. 
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INTRODUCTION 

With the latest generation of CMOS devices from IDT, it is now 
possible for a user to design a data process! ng unit that will operate 
at 20 million instructions per second. The devices that make this 
possible are In the MICROSLICE™ family which provides such 
VLSI building blocks as sequencers and ALUs, a new generation of 
CMOS RAM devices which support 1 5ns access times and a mem- 
ory interface family called FCT which is 20-50% faster than the 
equivalent functions in Fairchild FAST™. Putting these devices to- 
gether, the designer can construct a microprogrammed machine 
which has a system clock speed of 20MHz. These microprogram 
designs can be used in a variety of application areas where high- 
speed processing and control sequences are required. Such ap- 
plication areas include dedicated graphics engines, digital signal 
processing, I/O controls for disk and tape, medical Imaging, proc- 
ess control and special purpose computers. 


BALANCED PATHS 

For maximum performance and highest return on hardware in- 
vestment, all critical paths should be as well-balanced as possible. 
Figure 1 shows a simplified block diagram of the basic structure of 
a microprogrammed machine. Microprogrammed machines are 
composed of static RAM, registers, latches and combinational 
logic. There are no dynamic elements involved. In the block dia- 
gram, there are three main elements: Next State Generator, Current 
State Register and Data Processing Element. The Next State Gen- 
erator takes the current state information and generates the next 
state to be executed. The next state is stored into a Current State 
Register by the system clock on each clock cycle. Out of the Cur- 
rent State Register flow all control lines to the rest of the system. 
These control lines must control the next stategeneration as well as 
the Data Processing Elements. The Data Processing Elements 
might include such devices ae fixed- and floating-point ALUs, reg- 
ister files and I/O devices. These Data Processing Elements can 
generate status information which also may be fed back into the 
Next State Generator such that the next state is determined by a 
combination of the current state and the current status. 



Figure 1. Simplified Block Diagram of a Microprogrammed Machine 


MICROSUCE Is a trademark of Integrated Device Technology, Inc. 
FAST is a trademark of Fairchild Semiconductor Co. 
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Most designs generally have two critical paths. One path incor- 
porates the time delay from the Current State Register, clocked by 
the system clock, through the Next State Generator and set up into 
the Current State Register. This is called the control path (Path B in 
Figure 2). The other path generally involved is from the system 
clock, through the current state output which contrdls the data 
processing elements to generate status and, in turn, effects the 
next state selected. This is called the data path (Path A in Figure 2). 
In order to break up the data path delay, the status can be put in a 
register rather than directly into the Next State Generator. For the 
highest performance designs, a status register is used. Therefore, 
when optimizing a microprogrammed design, these two paths 
must be taken into consideration and balanced for maximum per- 
formance. 

CONTROL PATH 

The control path can be designed using the IDT49C410A as the 
heart of the next state generation mechanism. Figure 2 shows the 
block diagram of a data processing unit using IDT devices. The 
IDT49C410A is used to generate the next address which is put into 
a RAM, referred to as a writable control store (WCS). Out of the 
WCS comes the next instrudion to be executed and it is stored in a 
register built of IDT74FCT374A odal registers. This is the Current 
State Register and is often referred to as the pipeline register. The 
pipeline register can be viewed as containing several control 
fields: one for the IDT49C410A, another for the data processing 
elements, as well as additional fields for control of other elements 
in the system. 

The field which controls the IDT49C410A contains instrudions 
for the IDT49C410A as well as bits to control a multiplexer which 
seleds status bits from a Current Status Register. The particular 
status bit which is selected out of the status register is used in com- 
bination with the instrudion of the IDT49C410A to generate the 
next address. This latter path is the critical path. In the block dia- 
gram, the critical path in the control half is labeled as path B. All 
cycles start out with a system clock which generates a new instruc- 
tion in 6.5ns using the IDT74FCT374A. This current instrudion 
then controls the status MUX which can be construded with a 
74F151 using the Z bar output, which is the fastest output of the 
MUX. The propagation delay is 9ns. The condition code input on 
the IDT49C410A will then be combined with the instrudion input 
and generate a new microprogram address in 16ns. This new ad- 
dress can then be used to access the next microprogram instruc- 


tion in 15ns using the IDT6167A15 static RAMs. At this point in the 
cycle, the microprogram must be placed in the pipeline register 
with a 2.5ns set-up time. The total control loop then is 49ns, thus 
accommodating 20MHz operation in the control path. 

THE DATA PATH 

The other critical path in the data processing unit is the data path 
which includes elements for processing data. The data may, forex- 
ample, be data coming off a disk controller, graphics information 
or DSP data, to name a few possibilities. Shown in the block dia- 
gram is an IDT49C402A which is a 16-bit cascadable binary ALU 
with 64 x 16 register file. The critical path starts with the system 
clock which generates a new instruction at the output of the pipe- 
line register in 6.5ns. The field in the pipeline register is then fed 
into an IDT49C402A. This instruction controls the operation of the 
ALU unit as well as providing addresses to select operands out of 
the internal 64 word register file. As a consequence of the data 
coming out of the register file into the ALU and the ALU instruction 
inputs, a result is generated. The ALU result can be brought out on 
the Y-bus or stored back into the register file. Status flags which 
correspond to Zero, Sign and Overflow are also output. The in- 
struction and A/B addresses delay to status flags and Y output is 
37ns. The status flags require a 2.5ns set-up time into the status 
register. Therefore, this path totals 45ns (labeled Path A) , matching 
the control path fairly well. 

CONCLUSION 

It can be seen that, by using the latest in CMOS devices from 
IDT, the designer is capable of creating a machine that can exe- 
cute 20 million instructions per second. This type of performance is 
almost twice that achievable a year age using the 2900 family and 
corresponding devices. With the previous devices, the typical con- 
trol path required 1 00ns to execute and the data path typically took 
80ns to execute. This was using the fastest available devices im- 
plemented in bipolar TTL interface-type technology. Not only are 
the CMOS devices from IDT extremely fast, they also consume a 
minimum of power: 75 milliamperes for the IDT49C410A and125 
milliamperes for the IDT49C402A. Each of the IDT74FCT374As 
typically consume 10 milliamperes. Therefore, it is not unreason- 
able to expect the designer to achieve a design which consumes 
about 1 watt for the ALU and sequencer shown in the simplified 
block diagram in Figure 2. 




NOTE: 

1. Times given are worst case maximum over commercial range. 
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Figure 2. More Detailed Diagram of a DPU Capable of 20 MIPS Using IDT MICROSLICE Parts 
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The MICROSLICE™ family consists of high-performance VLSI 
building blocks that provide such functions as ALUs, sequencers 
for building complex finite state machines, register files and sup- 
port devices. The IDT49C402A is a member of this MICROSLICE 
family and is the first In a series of 16-bit ALUs from IDT. This high- 


speed ALU (shown in Figure 1) is capable of supporting 20MHz 
operations. This phenomenal speed is a result of CEMOS™, a 
single-poly double-metal structure using 1.2 micron gate lengths 
designed for high-performance and high-reliability. 
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APPLICATIONS 

The 1DT49C402A can be thought of as a VLSI building block. 
This building block has a register file, an ALU and an accumulator. 
Since the IDT49C402A is designed out of static random logic, this 
device may be used in many different places. It can be used as a 
data path element in a general purpose computer or as an address 
generator to generate complex addresses for accessing data 
structures and linked lists. It might also be used as a complex ac- 
cumulator with an ALU on its input to achieve sophisticated 
counter-type operations where constants may be in the register file 
in order CORDIC-type algorithms. Put simply, the IDT49C402A 
can be thought of and used as a very high-performance 16-bit ver- 
sion of the widely used 4-bit 7400 family {74181, 251, 381) ALUs. 

FUNCTIONAL DESCRIPTION 

The IDT49C402A is a high-speed, fully cascadable 16-bit 
CMOS ALU slice with 64-by-16-bit register file. It combines the 
standard functions of four 2901s (4-bit ALU) and a 2902 (carry 
lookahead), with additional control features aimed at enhancing 
the performance of bit-slice microprocessor designs. 

Based on the normal control functions associated with a stan- 
dard 2901 bit-slice operation, the IDT49C402A includes twice the 
destination codes. Its standard functions (Figures 2 and 3) include 
a 3-bit instruction field which controls the source operand select of 
the ALU (lo,h, 12), a 3-bit instruction field used to control the 8 possi- 
ble functions of the ALU (13, k Is), and a 3-bit instruction field 
(la 17, 1 8) for selecting the standard 8 destination control functions 
supported by the 2901. A 10th micro-instruction input, la offers 
8 additional destination control functions. This !g input, in conjunc- 


tion with l6through la allows many new functions to take place, like 
shifting of the Q register up and down independently, as well as 
loading the RAM or Q registers directly from the D inputs without 
going through the ALU. By tying the I 9 instruction input high, the 
Isthrough i6 instruction lines exhibit the destination codes found in 
the 2901. With the I 9 line low, the new additional functions of the 
IDT49C402A can be accessed. 

EXTRA DATA PATHS 

The IDT49C402A, while using the same basic 2901-type archi- 
tecture, incorporates a new data path aimed at increasing system 
parallelism. This data path goes directly from the D inputs into the 
register file and Q register. Normally, the loading of the register file 
and the Q register in the 2901 requires that the ALU work as a pass 
function in order to route the direct data input path through the ALU 
and then store the results in the register file or Q register. With the 
new data path, the data can be put directly into the register file in 
parallel with other ALU operations. For example, in one cycle the 
DFF destination instruction allows the A output port of the register 
file and the Q register to be combined together in the ALU with the 
results being stored into the Q register, while new data is brought 
into the register file and stored at the address selected by the B ad- 
dress port. One of the more sophisticated destination functions 
available in the IDT49C402A is DFA. This allows the RAM to be 
loaded directly from the D inputs, the Q register to receive the re- 
sults of the ALU and the Y output bus to output data directly from 
the RAM. This extra data path allows full, complete utilization of all 
three major buses inside the 1DT49C402A. 
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Figure 2. Function and Source Codes 
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Figure 3. Destination Codes 


REGISTER FILE 

The register file in the IDT49C402A is 64 addressable locations, 
each 16 bits wide. Being four times larger than most other 16-bit 
slices, this increased data space provides a larger cache of data 
which minimizes the traffic to bring in data from the outside world 
into the register file. From another perspective, the register file also 
can be viewed as 4 banks of 16 location register files. By using 2 of 
the address lines, a register file may be bank-selected, thus allow- 
ing the programmer to have 4 virtual 2901s operating inside the 
IDT49C402A. This enables the user to perform multi-tasking 
microcode. On each clock cycle a new task may be selected, thus 
having the minimal overhead for context switches. 

INCREASED PERFORMANCE 

The critical paths through the IDT49C402A are the address and 
instruction lines to the Y output and status flags (ABI to Y/Flags). 
For the A version of the IDT49C402 this is 37ns, the time required 
for the address input lines to select operands out of the RAM regis- 
ter file and be output as data is 37ns. This allows the user to con- 
struct a path well under 50ns. This would include the pipeline regis- 
ter instruction time with a clock-to-Q of 6.5ns (utilizing the 


IDT74FCT374A) and a set-up time of data and status (37ns) from 
the IDT49C402A into a status register with a set-up time of 2.5ns. 

32-BIT APPLICATIONS 

High-speed operation for most 32-bit applications is easily ob- 
tainable when using the IDT49C402A. In order to build a 32-bit 
ALU, two IDT49C402As can be cascaded by connecting the carry- 
out the ALU of one device into the carry-in of the next device (see 
Figure 4) . In this 32-bit design, the critical path is through the ABI to 
carry-out (Cn + 16), which is 34ns, and then through the carry-in 
(C n ) of the most significant device as a set-up to the clock, which is 
32ns. Using IDT’s new FCT/A logic family, a cycle time of 75ns can 
be constructed. 

CONCLUSION 

The IDT49C402A can be used in a multitude of applications 
which previously incorporated discrete 2901s. Upgrading to this 
high-performance device allows the user to operate at a 20MHz 
level while reducing board space and overall power. It exemplifies 
its overall flexibility as a VLSI building block wherever an ALU func- 
tion with register files is used. 
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INTRODUCTION 

Integrated Device Technology provides two high-speed CMOS 
8K x 8 static RAMs for use in high-performance memory applica- 
tions. These sophisticated static RAMs are suitable for incorpora- 
tion in main memories and caches for the current generation of 
25MHz 32-bit microprocessors, such as the Motorola 68020 and 
the Intel 80386. These two CMOS RAMs have an address-to-data 
access time of 30ns. Using these static RAMs together with the 
FCT family, which is a memory interface family provided by IDT, 
will result in very high-performance memory systems. 

USING THE IDT7164 

The IDT7164 is a 28-pin industry standard 8K x 8 CMOS static 
RAM. It has a chip select and address access time of 30ns. The 
block diagram in Figure 1 shows the IDT7164 in a typical applica- 
tion where the address bus is decoded to generate a chip select 
and the lower order address lines provide specific location selec- 
tion inside the 8K x 8. The IDT74FCT521A is an 8-bit address 
comparator which generates an active low output signal whenever 
there is a match. The address-to-match output is 7.2ns commer- 
cial. The IDT74FCT138A is used as an address decoder. This is a 
one-of-eight selection device which can be used to take mid- 
range addresses and select one out of eight possible enables. The 
enable signals are then connected to eight 8K x 8 static RAMs. The 
address-to-enable-out time is 5.8ns. The sum total of the memory 
system shown is 43ns. 

USING THE IDT7165 

The IDT7165 is a more sophisticated version of the 8K x 8 static 
RAM. The No Connect pin in the industry standard is used as a 
bulk clear for this static RAM. By pulsing this control line low for 
60ns, the entire contents of the 8K x 8 static RAM is cleared to a 
value of zero. This is an important function for systems which need 
to guarantee all locations are zero at power up time. For software, 
this can be very convenient because when the initial program is 


loaded in, it is guaranteed that all locations are zero without having 
to write them all, thus saving a lot of time. Clearing the memory at 
system reset also removes the nasty bug that some programs may 
run slightly differently each time the computer is powered on be- 
cause the program inadvertently reads a location that has not been 
written to. 

As today’s static RAMs are utilizing ever decreasing transistor 
geometries, the probability of data still being intact when power is 
turned off and then turned back on increases. This effect is contrary 
to the requirements for data secure systems. Data security is not 
only important for military applications, but also commercial appli- 
cations where data encryption or confidential data may be in- 
volved. 

Incorporated on the IDT7165 8K x 8 static RAM are two chip se- 
lects just like the industry standard version. However, these two 
chip selects have slightly different operation. The active HIGH chip 
select is a chip select that, when disabled, puts the RAM into a low- 
power standby mode. This allows gating of the data bus so that, as 
the data bus floats in tri-state, the input buffers do not consume 
excessive power. The active LOW chip select, on the other hand, 
does not gate the data bus, providing a fast access path. This ac- 
cess path is 10ns faster than the active HIGH chip select, yielding a 
chip-select-bar-to-data-access time of 20ns. The block diagram in 
Figure 2 shows a configuration very similar to Figure 1 . The differ- 
ence, because of the fast chip select time, is that the delay time of 
the address comparator and decode selector are in parallel with 
part of the address access time. Therefore, the sum total access 
time from the address bus through the comparator decode selector 
is 33ns. 

CONCLUSION 

While the IDT7164 is an industry standard 8K x 8 with very high 
performance, the IDT7165 can provide increased performance 
with extra features such as bulk clear. Both of these devices are 
very suitable for inclusion into designs incorporating the current 
generation of 32-bit microprocessors. 
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Figure 1. IDT7164 30ns Address and Chip Select Access 
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Figure 2. IDT7165 20ns Chip Select Access 


14-208 











INTRODUCTION This Tech Note has been developed to assist design engineers, 

as well as component engineers, in more fully understanding and 
IDT developed FCT (Fast CMOS TTL-compatible Logic) to allow utilizing the performance advantages of IDT’s FCT logic family. We 

TTL designers and fast TTL systems to take advantage of CMOS’ have included in this document some of the common electrical 

inherent low power and fast speed. We accomplished this by de- characteristics published in the data book, but most of this informa- 

signing a family fully compatible with TTL levels and drive, with tion provides much more detail than could be adequately covered 
none of the disadvantages of input loading or power supply drain. In a data sheet. 
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TECHNICAL NOTE TN-05 


Section 1 

FCT DATA SHEET SPECIFICATIONS 

By John R. Mick 


INTRODUCTION 

The goal of this Tech Note is to provide the design engineer with 
all of the technical information necessary to understand the advan- 
tages of the high-speed CMOS logic known as FCT. FCT stands for 
Fast CMOS TTL-compatible Logic. 

ThisTech Note contains the detailed electrical characteristics of 
the FCT devices. Particular emphasis has been placed on the 
unique characteristics that are inherent to CMOS, as well as the 
overall parameters of the family. We have tried to provide inter-fam- 
ily information, as we believe it is quite normal for designers to mix 
logic families in the same system. This allows the design engineer 
to use the appropriate elements in each aspect of the design. The 
most common example is to look at all of the various personal com- 
puters currently being manufactured. They typically contain 
CMOS, N-channel, Bipolar Schottky and EPROM technologies. 
Occasionally, some of these systems will include linear technol- 
ogy. Another example is that most fixed instruction set micropro- 
cessors have either been N-channel or CMOS. Typically, dynamic 
memories have been N-channel and static memories have either 
been N-channel or CMOS. Most logic has been Schottky or low- 
power Schottky-type devices and, more recently, oxide isolated 
Schottky devices have been used. This has been true of basic logic 
elements as well as bipolar PROMs and bipolar PALs™. More re- 
cently, we see people using CMOS PALs and N-channel or CMOS 
EPLDs. 

The major topics to be covered in this Tech Note are as follows: 

• Input Characteristics 

• Output Characteristics 


• Transfer Characteristics 

• Speed and Power information 

• Noise Margin 

• Power Supply Considerations 

• Power Calculations 

• Interfacing FCT to CMOS Memories 

• Good Design Practice 

• Typical Examples 

DC ELECTRICAL CHARACTERISTICS FOR FCT 

Figure 1 shows the DC Electrical Characteristics over the full 
commercial and military operating range for the IDT54/74FCT374. 
This device has been chosen as an example for discussing the 
electrical characteristics because it is typical of all the devices in 
the FCT family. As shown in the figure, the input high level and in- 
put low level are identical to other TTL-compatible devices. The 
Vih is specified at 2.0 volts and the Vil is specified at 0.8 volts. This 
means that the input threshold characteristics of FCT are identical 
to Schottky, low-power Schottky, Fairchild F and other earlier 
forms of TTL logic. One of the significant differences of FCT is the 
input current. As seen in Figure 1, Iih and Iil are specified at ±5 
microamps and this current may flow into or out of the input de- 
pending on whether the input is high or low. This means that Iih 
(the input high current) is 5 microamps while liL(the input low cur- 
rent) is -5 microamps maximum. 
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Functional Block Diagram of IDT74FCT374 
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DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

Following conditions apply unless otherwise specified: 

T a = o°C to + 70°C Vcc = 5.0V ± 5% Min. = 4.75 V Max. = 5.25V (Commercial) V LC = 0.2V 

T a = -55°C to +125°C Vcc = 5.0V ± 10% Min. = 4.50V Max. = 5.50V (Military) V HC = V -0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 0) 

MIN. 

TYP.P) 

MAX. 

UNIT 

V ,H 

Input HIGH Level 

Guaranteed Logic High Level 

2.0 


- 

u 

V 

Input LOW Level 

Guaranteed Logic Low Level 

- 

- 

0.8 

V 

>IH 

Input HIGH Current 

Vcc = Max -V, N = Vcc 

- 

- 

5 

pA 

IlL 

Input LOW Current 

Vcc = Max.,V| N = GND 

- 

- 

-5 

pA 

•sc 

Short Circuit Current 

Vcc = Max.< 3 > 

-60 

-120 

- 

mA 

V OH 

Output HIGH Voltage 

Vcc = 3V. V|n = V L c or Vhc > Ioh = _ 32pA 

Wic 

Vcc 

- 

n 


•oh =-300 jjlA 

mm 

mm 

- 

Ioh =-12mA MIL. 

2.4 

mm 

- 

Iqh =-15mA COM’L. 

MBM 

mm 

-■ 

Vol 

Output Low Voltage 

Vcc — 3V, Vj N = V L c or Vhc. ^ol — 300 pA 

— 

GND 

Vlc 

n 

sl 

II II 

Iql “ 300jjA 

- 


mm 


- 

0.3 

kei 

Iol = 48mA COM’L. 

- 


KEI 

•oz 

Off State (High Impedance) 

Output Current 

Vcc = Max. 

V 0 = 0.4V 

~ 

- 

-40 

pA 

V 0 = 2.4V 

- 

- 

40 


NOTES: 


1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second. 

Figure 1. The DC Electrical Characteristics of the IDT74FCT374 


The output high voltage has been specified so as to exceed the 
requirements of Fairchild F. That is, a commercial temperature 
range device will have an Ioh of -15 milliamps at 2.4 volts while a 
military temperature range device will have an Ioh of -12 milliamps 
at 2.4 volts. Similarly, the output low voltage has been designed to 
exceed the requirements of the Fairchild F family. The 
IDT74FCT374 device is guaranteed to have an Iol of 48 milliamps 
for the commercial temperature range, with Vol equal to 0.5 volts, 
and Iol is 32 milliamps for the military temperature range while 
meeting the Vol of 0.5 volts. This is about twice the F374 specifica- 
tion. The short circuit current has been specified as -60 milliamps 
maximum to be compatible with Fairchild F. This means that the 
devices have good ability to drive capacitance in the low-to-high 
direction. 

One of the advantages of the FCT logic family is its ability to 
drive CMOS memories to full CMOS levels. We have defined full 
CMOS levels to be Vlc equals 0.2 volts and Vhc equals VcC-0.2 
volts. The term Vlc stands for Low CMOS Voltage and the term 
Vhc stands for High CMOS Voltage . As can be seen in Figure 1, 
IDT74FCT374S can have an lOHOf -300 microamps while meeting 


the Vhc parameter and, similarly, IDT74FCT374s can have an Iol 
of 300 microamps while meeting the Vlc parameter. These two pa- 
rameters provide an indication of the drive capability of FCT in driv- 
ing CMOS memories as well as other FCT devices. 

The DC electrical characteristics of a typical CMOS static RAM 
are shown in Figure 2. The actual data shown in this figure is for the 
IDT7198 16K x 4 CMOS memory. First, the input current on a 
CMOS memory is normally specified as an input leakage current. 
Thus, the Iih and Iil specs of FCT are equivalent to an I LI spec on a 
CMOS memory. It is also shown as an absolute value for this cur- 
rent. This means that the input current for a CMOS L power mem- 
ory device is ±5 microamps military and ±2 microamps commer- 
cial. Similarly, the input current for the S power device is ±10 
microamps military and ±5 microamps commercial. Recognizing 
that our FCT family of devices has a CMOS level drive of 300 
microamps, it can be seen that we can drive anywhere from 60 to 
150 RAM chips depending on the temperature range selected. 
Needless to say, this most likely is more capacitance than most de- 
signers would prefer to drive in a system. 
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DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0V ± 10%, V LC = 0.2V, V HC = Vcc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

IDT7198S 

TYP.W 

MAX. 

TYP. 

IDT7198L 

MIN.™ 

MAX. 

UNIT 

Hui 

Input Leakage Current 

Vcc = Max.; V, N = GND to Vcc 

MIL 

- 

- 

10 

- 

- 

5 


COM’L 

- 

- . 

5 

- 

- 

2 

pA 


Output Leakage Current 

Vcc= Max. 

MIL. 

- 

- 

10 

- 

- 

5 


CS = V IH .V 0UT = GND to Vcc 

COM’L. 

- 

- 

5 

- 

- 

2 

PA 

Vql 

Output Low Voltage 



- 

- 

0.5 

- 

- 

0.5 





- 

- 

0.4 

- 

- 

0.4 


o< 

I 

Output High Voltage 

Iqh = -4mA, Vcc= Min. 

2.4 

- 

- 

2.4 

- 

- 

V 


NOTE: 

1. Typical limits are at Vcc = 5.0V, + 25 °C ambient. 


DC ELECTRICAL CHARACTERISTICS 0 ' 

Vcc = 5.0V ± 10%. V LC = 0.2V. V HC = Vcc -0.2V 


SYMBOL 

PARAMETER 

POWER 

7198S25 

7198L25 

COM'LMIL 

7198S30 

7198L30 

COM’LMIL 

7198S35 

7198L35 

COM'LMIL 

7198S45 

7198L45 

COM’LMIL 

7198S55 

7198L55 

COM’LMIL 

7198S70 

7198L70 

COM’LMIL 

7198S85 

7198L85 

COM’LMIL 

UNIT 

■ 

Operating Power 
Supply Current 

CS - V| L , 

Output Open, 

Vcc = Max., f = 0 

S 

100 - 

100 

110 

100 

110 

100 

110 

100 

110 

100 

110 

- 110 

mA 

D 

85 - 

85 

95 

85 

95 

85 

95 

85 

95 

85 

95 

- 95 

■ 

Dynamic Operating 
Current 

C5 - V IL , 

Output Open, 

Vcc = Max., f = f MAX 

S 

135 - 

125 

140 

125 

140 

125 

140 

125 

140 

125 

140 

- 140 

mA 

B 

125 - 

115 

125 

105 

115 

100 

110 

100 

110 

95 

110 

- 105 

1 

Standby Power 

Supply Current 
(TTL Level) 

5§> V,H. 

Vcc = Max.. 

Output Open 

S 

55 - 

50 

55 

45 

50 

45 

50 

45 

50 

45 

50 

- 50 

mA 

■ 

45 - 

40 

45 

35 

40 

30 

35 

30 

35 

30 

35 

- 35 


Full Standby Power 


15 - 

15 

20 

15 

20 

15 

20 

15 

20 

15 

20 

- 20 



Supply Current 
(CMOS Level) 














mA 
















CS > V HC . 

■ 















Vcc= Max.. 



0.5 

1.5 

0.5 

1.5 

0.5 

1.5 

0.5 

1.5 

0.5 

1.5 

- 1.5 


■ ■ 

Vin 2: Hie or V IN < Vlc 

| | 

Wbb 














NOTES: 

1 . All values are maximum guaranteed values. 


FIGURE 2. The DC Electrical Characteristics of the IDT7198 16Kx 4 Static RAM 
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DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES 

(L Version Only) V LC = 0.2V, V HC = V^ - 0.2 V 







TYP.<’> 

MAX. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 


MIN. 

Vcc @ 
2.0V 3.0V 

Vcc @ 
2.0V 3.0V 

UNIT 

V DR 

V cc for Data Retention 

- 

2.0 

- 

- 

- 

- 

V 

■H 

Data Retention Current 


MIL. 

- 

10 

15 

600 

900 

pA 

IB 

cs >V H c 

COM’L. 

- 

10 

15 

150 

225 

1 cdr (3) 

Chip Deselect to Data Retention Time 

> y 

VI 

o 

o 

> x 

Al 

z 

■> 


0 

- 

- 

ns 

t R <3) 

Operation Recovery Time 



*rc <2) 

- 

- 

ns 

ll u l (3) 

Input Leakage Current 


- 

- 

2 

pA 


NOTES: 

1. T A = +25°C 

2. t RC = Read Cycle Time 

3. This parameter is guaranteed but not tested. 


FIGURE 2. (Continued) 


Another important parameter associated with CMOS static 
RAMs and their relation to FCT can be seen in Figure 2. This is the 
standby power supply current. There are two specifications for 
standby power supply current, Isb and ISBI. The Isb standby 
power supply current is actually specified with the chip select at a 
TTL high (Vih). The full power supply standby current (ISBl) is a 
CMOS standby current and is specified with the chip select at Vhc 
and the inputs at Vhc or Vlc. Notice that on the low-power series 
device this can be anywhere from a 1 3-to-1 to al most a 40-to-1 sav- 
ings in standby current for the deselected devices. This shows that 
the use of FCT to drive CMOS static RAMs can provide a significant 
power reduction with the use of no additional parts. 

The offstate (high impedance) output current (loz) shown in 
Figure 1 has been specified as ±40 microamps. This number was 
chosen to be lower than the Fairchild F specification of ±50 
microamps for the following reason: both the low-power Schottky 
devices and the older, gold-doped TTL devices have an offstate 
high impedance output current of ±40 microamps. We felt that 
some design engineers may wish to replace those older devices 
with FCT in upgrading new systems. Since we meet this parameter 
quite handily, it is not necessary to compute new worst case leak- 
age numbers if a system is being redesigned.Rather, the FCT de- 
vices will meet the three-state leakage requirements of all the high- 
speed bipolar Schottky processed logic elements. 

Unfortunately, several of our IDT FCT data sheets went to print in 
the 1986-87 catalog with both the loz and the input clamp diode 
parameter left off the data sheet. (This has been corrected in the 
new 1988 data book.) We apologize for this oversight and wish to 
indicate here in thisTech Note that these devices will meet the ±40 % 
microamps of three-state leakage current, as well as the input 
clamp diodes specification of -1.2 volts at -18 milliamps. For his- 
torical purposes, it should be mentioned that the very first produc- 
tion runs of the FCT were built without input clamp diodes. The 
mask sets were soon changed and input clamp diodes added to all 
inputs of the FCT devices. Currently, the devices in production 
have input clamp diodes on all inputs. 

UNDERSTANDING POWER CALCULATIONS 

The most recent release of the power supply characteristics for 
the IDT74FCT374 is shown in Figure 3. It is IDT’s goal to attempt to 
fully specify the power supply characteristics of these logic de- 


vices in a fashion most usable by the design engineer. As such, Icc 
has been specified, as well as the three components which make it 
up; these are the quiescent power supply current (Iccq) , the power 
supply current associated with TTL inputs high (leer) and the dy- 
namic power supply current (IcCD). Again, it is necessary to look 
back in history to get a perspective of the reason for these parame- 
ters. First, several semiconductor manufacturers have been build- 
ing devices known as HC and HCT for some years. In addition, the 
JEDEC JC-40.2 Committee has been very active in creating stan- 
dards for these HC and HCT devices. The first standard published 
by the JC-40.2 Committee was known as Standard 7. It was revised 
in 1 986 with a version known as Standard 7A. The purpose is to to- 
tally specify the HC and HCT devices sothat a number of manufac- 
turers can build them and provide second sources. 

In the early days of the manufacture of HC and HCT, it was tradi- 
tional for the manufacturers to specify Icc with only 1-bit toggling. 
IDT believes that this is not representative of the total power supply 
current drawn by these devices and so has chosen to add addi- 
tional specifications to the Icc parameter. In order to remain com- 
parable with the earlier specifications of 1-bit toggling, we have in- 
cluded these specifications at a 10MHz frequency. The new 
parameter of all 8 bits toggling is also included with a clock fre- 
quency of 10MHz and the data input frequency is chosen as 
2.5MHz to provide a more realistic estimation of the power supply 
current. It is reasonable to ask why 5MHz was not chosen and the 
answer is that we felt this would not be realistic. If a toggle rate of 
10MHz for the clock and 5M Hz for the data is chosen, an 8-bit regis- 
ter can assume only two states: all highs on one cycle and all lows 
on the next cycle followed by all highs on the following cycle, and 
so forth. Obviously, any other checkerboard pattern is also possi- 
ble but only two possible states would result. Thus, a 1 0MHz clock 
and a 2.5MHz data rate is most realistic. 

Also, as can be seen in Figure 3, there are specifications for FCT 
being driven by other FCT devices as well as a specification for 
FCT being driven by a bipolar TTL device. The difference here is 
that an FCT device, when driven by another FCT device, will have 
its inputs pulled to Vhc or Vlc. When an FCT device is driven from 
a bipolar Schottky device, its inputs will be driven from a voltage 
very near Vlc to voltage typically around 3.4 or 3.5 volts. Thus, the 
high state will not be Vhc. This causes an increase in power dissi- 
pation that will be discussed later in this Tech Note. 
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POWER SUPPLY CHARACTERISTICS 

V LC = 0.2V; Yic = Vqc - 0.2V 


SYMBOL 

PARAMETER 

TEST CONDITIONS (1) 

MIN. 

typ. (2) 

MAX. 

UNIT 

a 

Quiescent Power Supply Current 

\fcc= Max. 

V IN S V hc • Yn S M_C 

f CP = f| = 0 

■ 

0.001 

1.5 

mA 

ICCT 

Quiescent Power Supply Current 
TTL Inputs HIGH 

Vqq = Max. 

V IN = 3.4V<3> 

- 

0.5 

1.6 

mA 

■ 

Dynamic Power Supply Current 

Vcc ~ Max. 

Outputs Open 

OE = GND 

One Bit Toggling 

50% Duty Cycle 

Yn > Yic 

Yn 5 Y_c 


0.15 

0.25 

mA/ 

MHz 



Vfcc= Max. 

Outputs Open 
f cp = 10MHz 

Yn 5 Yhc 

Yn < Y.c 
(FCT) 


1.5 

4.0 


Ice 

Total Power Supply Current* 4 * 

50% Duty Cycle 

OE = GND 

One Bit Toggling 
at f, = 5MHz 

50% Duty Cycle 

Yn = 3.4V 
or 

V, N = GND 


2.0 

5.6 




Nfcc = Max. 

Outputs Open 
f C p= 10MHz 

50% Duty Cycle 

OE = GND 

Eight Bits Toggling 
at f | = 2.5MHz 

50% Duty Cycle 

Yn > V HC 

Yn < V LC 
(FCT) 


3.75 

7.8 

mA 



Yn = 3.4V 
or 

V, N = GND 


6.0 

15.0 



NOTES: 

1. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at v cc ~ 5 .OV, +25°C ambient and maximum loading. 

3. Per TTL driven input (V IN = 3.4V); all other inputs at Nfcc or GND. 

4 - •cc " I QUIESCENT + • INPUTS + * DYNAMIC 

•cc = *cc» + i cctDh n t + Iccd (fcp/2 + f| N( ) 

Iqcq = Quiescent Current 

lcc T = Power Supply Current for a TTL High Input (V, N = 3.4V) 

D h = Duty Cycle for TTL Inputs High 
N T = Number of TTL inputs at D H 

I ccd = Dynamic Current caused by an input Transition pair (HLH or LHL) 
f C p = Clock Frequency for Register Devices (Zero for Non-Register Devices) 
fi = Input Frequency 
N| = Number of inputs at f| 

All currents are in milliamps and all frequencies are in megahertz. 

Figure 3. Power Supply Characteristics of the IDT74FCT374 


As discussed earlier, the lee power supply current consists of 
three components: the quiescent current, the current associated 
with inputs being driven from TTL levels and the current associated 
with the dynamic switching of the device. The equation in Note 4 of 
Figure 3 fully describes the relationship of this power supply cur- 
rent. For completeness here, let’s review the full meaning of this 
equation. First, the quiescent current is taken directly from the data 
sheet and represents the maximum current that will flow at 
+ 125°C. The next term is that associated with the inputs being 
driven from TTL levels. If we view the typical CMOS input circuit 
shown In Figure 4, we see that the input comes in first to the input 


clamp diode, then goes through the ESD input protection resistor 
which is typically 120 ohms to 500 ohms. Next, this input connects 
to the gates of a CMOS inverter made up of a P-channel device and 
an N-channel device. This inverter operates in the normal fash- 
ion - if the input is at ground (or very nearly ground) , the P-channel 
device will be on, the N-channel device will be off and no current 
will flow between Vccand Ground. Similarly, if the input is at 5 volts 
(or very nearly 5 volts), the N-channel device will be on, the P-chan- 
nel device will be off and no current will flow between Vcc and 
Ground. If however, the input is biased and a normal TTL high level 
(somewhere around 3.5 volts), the devices will be in the linear re- 
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gion and some current will flow between Vccand Ground. This Is approximately 0.5 milliamps, but the maximum current per input 

current is shown on the data sheet of Figure 3 as leer— the power can be as high as 1 .4 milliamps. 

supply current for a TTL high input at 3.4 volts. The typical current 



AM f 


Vcc=5V 




P-CHANNEL 

g 



f ^ 

N-CHANNEL 




OUT 


Figure 4. Typical CMOS Input Inverter for a Logic Device 


Again, referring to the equation in Note 4 of Figure 3, the current 
associated with the inputs is calculated by considering each input. 
We must look at each input and consider its duty cycle high. This 
has been written in the equation as the leer parameter times the 
duty cycle for the TTL input high (Dh) times the number of TTL in- 
puts (Nt) at the Dh duty cycle. Another way of saying this would be 
simply to take the summation of the duty cycles times the leer pa- 
rameter. For example, if we had eight inputs at 50% duty cycle the 
result would be 4 x leer If we had eight inputs at 25% duty cycle 
the result would be 2 x leer If we had eight inputs at 75% duty cy- 
cle the result would be 6 x leer More importantly, if the inputs are 
swinging between Vhc and Vlc (or some voltage very near that 
value), the input current may be assumed to be zero. This parame- 
ter only applies when the input is being driven to a TTL high level in 
the vicinity of 3.4 volts. As the voltage goes higher, the current re- 
duces and eventually becomes zero. 

The final parameter in calculating Icc is the dynamic current. 
We have chosen to describe this current as the current caused by 
an input transition pair (HLH or LHL) . We did it this way because we 
couldn’t think of any other way to describe this phenomena. Basi- 
cally, we are talking about the power drawn from the Vcc input 
when charging a capacitor. When the transition is from a low to a 
high level, we draw current from the Vcc to charge an internal ca- 
pacitance inside of the device. When that same capacitance is dis- 
charged, that is a transition from high-to-low; no current is drawn 
from Vcc, but rather the capacitance supplies the current which is 
discharged to Ground. Thus a high-low-high (HLH) or low-high- 


low (LHL) transition pairdraws the same amount of average current 
from Vcc. We call this one cycle of the clock or one cycle of any 
data input. As the equation shows, for register devices we use a 
clock frequency divided by 2. For non-register devices, this pa- 
rameter for fcp should be set to 0. The next thing that is required is 
to take care of the second half of the equation -to consider the in- 
put frequency of each input. If, for example, all eight inputs of the 
IDT74FCT374 register are at 1 MHz, we simply use 1 x 8 to account 
forthis power. In other words, what is actually required is to perform 
a calculation of F|N| where I varies from 1-to-8 for the eight inputs of 
the IDT74FCT374. It should be repeated here that all currents are in 
milliamps and all frequencies are in megahertz. 

For completeness, Figure 5 shows three example calculations 
for power supply current. The first example in Figure 5 (labeled Fig- 
ure 5A) is for an IDT74FCT374 with a clock frequency of 1 MHz. We 
also assume that all of the inputs are driven from other FCT de- 
vices, they are at a 50% duty cycle and that all eight inputs are at 
250KHz. The second example is similar except the clock fre- 
quency has been raised to 10MHz. Again, the inputs are driven 
from other FCT devices, the inputs are at a 50% duty cycle and all 
eight inputs are at 2.5MHz. The final example is for a 10MHz clock 
where the inputs are driven from other TTL inputs such as Fairchild 
F or low-power Schottky. The inputs are assumed to be a 50% duty 
cycle and, again, all eight inputs are toggling at 2.5MHz. The 
reader should notice that the calculations in Figure 5B and 5C 
match the parameters on the data sheet shown in Figure 3. 
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FCT— FAST, CMOS, TTL-COMPATIBLE LOGIC 


10MHz EXAMPLE 

1) TTL Driving Inputs 


10MHz EXAMPLE 

1) CMOS Driving Inputs 


1MHz EXAMPLE 

1) CMOS Driving Inputs 

2) 50% Duty Cycle 

3) 8 Inputs at 250KHz 

Icc = l Q + l D (Note: l ( = 0) 
WORST CASE 
= 1.5 + 0.25 (1/2 + 0.25 * 8) 
= 1.5 + 0.625 
= 2.125mA (1 0.6mW) 
TYPICAL 

= 0 + .15 (1/2 + 0.25 * 8) 

= 0.375mA (1.875mW) 


2) 50% Duty Cycle 

3) 8 Inputs at 2.5MHz 
Icc = Iq + Id 

WORST CASE 

= 1.5 + 0.25(10/2 + 2.5*8) 
= 1.5 + 6.25 
= 7.75mA (38.8mW) 

TYPICAL 

= 0 + .15 (10/2 + 2.5 * 8) 

= 3.75mA (19mW) 


2) 50% Duty Cycle 

3) 8 Inputs at 2.5MHz 
Icc = Iq + l| + Id 

WORST CASE 

= 1.5 + 1.6 * .5 * 9 + 0.25 
(10/2 + 2.5 * 8) 

= 1.5 + 7.2 + 6.25 

= 14.95mA (75mW) 

TYPICAL 

= 0 + .5*.5*9 + 0.15 
(10/2 + 2.5 * 8) 

= 2.25 + 3.75 

= 6mA (30mW) 


Figure 5A. Example Power Calcula- 
tions lor IDT74FCT374 Driving 
IDT74FCT374 at 1MHz 


Figure 5B. Example Power Calculations 
for IDT74FCT374 Driving IDT74FCT374 
at 10MHz 


Figure 5C. Example Power Calculations 
for Fairchild F374 Driving IDT74FCT374 
at 10MHz 


Figure 6 shows an example of an IDT74FCT374 being driven 
from a high-speed counter. The clock frequency to the 
IDT74FCT374 and the counter is 20MHz. Each of the data inputs is 
at 1/2 the frequency ofthe previous input— Do isatlOMHz, Di isat 
5MHz, D2 is at 2.5MHz and so forth. The table in Figure 6 shows the 
computation ofthe power for each input in both a typical and maxi- 
mum column. From this we can see the total contribution of the cur- 
rent for each input as well as the clock. The total dynamic current, 
both typical and worst case, is then computed as 4.487 milliamps 
and 7.479 milliamps, respectively. If we wish to know the total worst 
case power supply current for the 1DT74FCT374 in this configura- 
tion, we simply need to add the quiescent current of 1 .5 milliamps. 


This would result in 8.979 milliamps as the worst case current. 
Since all ofthe inputs are at a 50% duty cycle, we can compute the 
worst case TTL input current for all the inputs and add this value to 
those previously calculated for the quiescent current and the dy- 
namic current. This would result in a total Icc for the IDT74FCT374 
being driven in this configuration. The result would be 6.737 mil- 
liamps typical and 16.179 milliamps absolute worst case. Fromthis 
example, it can be seen how to compute the frequency of each in- 
put and its contribution to the overall ICC . It is normally good prac- 
tice for the designer to compute both the typical and worst case 
currents for the design. 
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20MHz Clock 




TYP. 

MAX. 

CLOCK = 20MHz 

1.500 

2.500 

D 0 = 10MHz 

1.500 

2.500 

D, = 5MHz 

.750 

1.250 

D 2 = 2.5 

.375 

.625 

D 3 = 1.25 

.187 

.312 

D 4 = 0.625 

.093 

.156 

D 5 = 0.3125 

.047 

.078 

D 8 - 0.15625 

.023 

.039 

D 7 = 0.78125 

.012 

.019 

TOTAL DYNAMIC CURRENT 

4.487 

7.479 

QUIESCENT CURRENT 

0 

1.500 

TTL INPUT CURRENT 

2.25 

7.2 

TOTAL Ice (mA) 

6.737 

16.179 


Figure 6. Power In an IDT74FCT374 When Driven at 20MHz by a 
TTL Counter 


A final example of power supply current contribution is shown in 
Figure 7. This example is simply a table of the IDT74FCT374 with 
TTL inputs and different frequencies and duty cycles on each of the 
inputs. The assumptions of frequency and duty cycle are shown in 
the last two columns at the left. In order to demonstrate the contri- 
bution of the TTL input current and the dynamic current, both a 
typical and maximum for each of the inputs has been shown. Then 
the table for total lec'ypical and device Ice maximum has been 
computed for each input. The bottom line is a summation of the 


total currents for the input, the dynamic and, finally, on the right 
hand side, the total device. Incidentally, the actual method used to 
generate the frequencies on the left and the duty cycles associated 
with each of those frequencies is left as an exercise for the student. 
They were simply made up and do not represent any known exam- 
ple. The purpose here is to show the technique for computing the 
total power dissipation and helping the engineer understand the 
contribution of each input and each term. A fancy equation for 
the power supply current is: 


N N 

Ice = IcCQ + IcCT ^ D| + Iccd (fcp/2 + 2 f j) 
i = 1 J=1 


Where: 


•coo = 

Quiescent Current from data sheet 

Icct 

Current for a TTL input at 3.4V from data sheet 

D| 

Duty Cycle for each input 

i = 

The i-th input 

N 

Total number of inputs 

Iccd = 

Dynamic Current from data sheet 

fcp ~ 

Clock Frequency (0 if no clock) 

fi 

Frequency of input in MHz 

j 

The j-th input 
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Input Characteristics 

Calculation Per Inch 

Total Device 

Input 

Frequency (MHz) 

Duty Cycle 

'iNPUT 

'dynamic 

*cc 

'cc 




TYP. 

MAX. 

TYP. 

MAX. 

TYP. 

MAX. 

Quiescent 

- 

- 

- 

- 

- 

- 

0.000 

1.500 

Clock 

5.00 

0.50 

0.25 

0.80 

0.375 

0.625 

0.625 

1.425 

D 0 

2.50 

0.90 

0.45 

1.44 

0.375 

0.625 

0.825 

2.065 

D, 

2.50 

0.70 

0.35 

1.12 

0.375 

0.625 

0.725 

1.745 

d 2 

1.00 

0.50 

0.25 

0.80 

0.150 

0.250 

0.400 

1.050 

d 3 

1.00 

0.30 

0.15 

0.48 

0.150 

0.250 

0.300 

0.730 

d 4 

0.50 

0.10 

0.05 

0.16 

0.075 

0.125 

0.123 

0.285 

d 5 

0.10 

0.20 

0.10 

0.32 

0.015 

0.025 

0.115 

0.345 

De 

1.50 

0.40 

0.20 

0.64 

0.225 

0.375 

0.425 

1.015 

d 7 

0.75 

0.80 

0.40 

1.28 

0.113 

0.188 

0.513 

1.468 

TOTALS 



2.40 

7.04 

1.853 

3.088 

4.053 

11.628 


Figure 7. Inputs at Different Frequencies and Duty Cycles on Each Input 
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This section details the electrical characteristics of FCT. It 
shows the typical characteristics as measured on the bench, on the 
automatic testers or both. 

IlN VERSUS VlN 

The typical characteristic of Iin versus Vin is shown in Figure 1 . 
Basically, what we see here is that the input current is 
±5 microamps from the range of 0 to about 14 volts; below 0 volts 
we see the effect of the input clamp diode. At about 0.7 volts, cur- 
rent begins to flow and we have a diode clamping effect where the 
voltage is held at the forward biased voltage of a clamp diode and 
the current increases. Similarly, we see the same type of effect at 
about 15 volts. That is an input breakdown effect where we get a 
clamping effect and the current increases in a current source mode 
with the voltage at 15 volts. The true effect at both 15 volts and 
about -0.7 volts is that of a diode. Because of the resolution of the 
scales, the curves do not look quite like a forward bias diode, but in 
actuality they are. 



Vin (V) 

Figure 1. Input Characteristic for Input Voltage 
Versus Input Current 

Icct VERSUS Vin 

The TTL input current in Figure 2 shows that IcCT (the current 
between Vcc and Ground) for an input buffer begins to flow at 
about 1.1 volts. The current peaks at the actual switching threshold 
which is designated to be 1.5 volts. As the input is raised towards 
Vcc, the current reduces until, at about 4 volts, it is essentially in 


the nano-ampere range. Normally, a TTL output is about 3.4 to 3.5 
volts. The typical current between Vcc and Ground at this voltage 
level is less than 0.5 miliiamps. 



v in (V) 

Figure 2. Input Current for a Typical FCT Input 


The three lines in the curve shown in Figure 2 represent the cur- 
rents for the temperatures of -55°C, +25°C and + 125°C. The 
largest value of the current is at -55 °C and the smallest value of the 
current is at +125°C. When we have FCT driving FCT, the DC 
power is zero and is accounted for in the dynamic power. 

TRANSFER FUNCTION 

Figure 3 shows the typical transfer function for an FCT input. 
This transfer characteristic assumes inputs with hysteresis. There 
are some FCT inputs that do not have hysteresis and these follow 
the curve labeled HL What is depicted here is that the typical input 
characteristic has a switching point at 1.5 volts. There are about 
200 millivolts of hysteresis on many of the FCT inputs. The curve in 
Figure 4 shows an expanded scale view around 1 .5 volts. Here we 
see the effect of temperature on the actual threshold. What should 
be noted here is that the hysteresis remains at about 200 millivolts 
and the input threshold (or actual switching point) shifts about 80 
millivolts over the full military temperature range, from -55°C to 
+ 125°C. Over the commercial temperature range, from 0°C to 
+ 70°C, the temperature input threshold shifts about 40 millivolts. 
This represents an extremely good temperature characteristic and 
demonstrates the stability of our FCT logic product. 
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V,N (V) 

Note: 

1 . Inputs without hysteresis follow HL curve. 



1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 


Vql(V) 

Figure 5. Plot of Output Low Voltage Versus Output Sink Current 

l 0H versus v oh 

The source current capability for the output in the high state is 
shown in Figure 6. At 2.4 volts we typically have in excess of 24 
milliamps of output drive source current capability at +125°C. As 
the temperature gets colder, the output source current capability 
increases such that at -55°C we have over 40 milliamps of source 
current capability. Again, our FCT output structure provides TTL- 
like compatibility for maximum system reliability. 


Figure 3. The FCTTransfer Function Showing Hysteresis* 1 * 
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1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 


V IN (V) 

Note: 

1. Inputs without hysteresis follow HL curves. 

Figure 4. Detailed View of the FCT Transfer Function 


IOLVERSUS VOL 

Figure 5 shows the output load drive capabilities of a typical 
32mA output buffer on a device such as the IDT74FCT374. At the 
full +125°C temperature we have over 40 milliamps of output 
drive. As the temperature gets colder, the output drive capability of 
FCT increases and comes very near doubling at the -55 °C point. 
Notice also that the current sinking capability of FCT is relatively 
linear all the way up to about 0.8 volts. This means that, should a 
device be over loaded, the FCT output will sink the additional cur- 
rent without a significant increase in output voltage. This provides 
greater system reliability. 



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 


Voh (V) 

Figure 6. Plot of Output Source Current Versus High Voltage 
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TF 

Figure 7 shows the output rise output time versus capacitance 
for a typical high-to-iow transition. The output fall time (Tp) is about 
2.5 to 3ns into 50pF and 500 ohms as measured for the 1 0% to 90% 
points. If we measure the fall time from 4.5 to 0.5 volts, we find that 
the TF is about 2.5ns. 


speed low-to-high transition until approximately the three to four 
volt level. At this point, the P-channel transistor takes over and pulls 
the output all the way to the rail. This device is slightly slower and 
this has a slightly different rise time (Tr) as the output pulls to the 
Vcc rail. Thus the rise time through the normal transition region 
from 0.8 volts to 2.0 volts is in the vicinity of 3ns. 



50 100 150 200 250 300 



50 100 150 200 250 300 


CL(pF) 


CL(pF) 


Figure 7. Output Fall Time Versus Capacitance (10% - 00%) 

Tr 

Due to the design of the output buffer, the output has one rise 
time from about 0.5 volts to 3.0 volts and a second rise time from 
about 3.0 volts to 4.5 volts (see Figure 8) . The reason for this can be 
understood by studying the output buffer structure shown in 
Figure 8. Here we see that the fail time is controlled by an N-chan- 
nel device between the output and Ground. When the output turns 
on (goes low), the N-channel device will sink the current and pro- 
vide a single TFtime. Notice, however, the pull-up structure con- 
sists of an N-channel device, a P-channel device and a lateral NPN 
transistor with a resistor in series. As the device turns on, the lateral 
NPN transistor and the N-channel transistor cause an initial high- 


Flgure 8. Output Rise Time Versus Capacitance 
for Voltage of Interest 

A point to be noted while viewing Figure 9 is that, because of the 
N-channel device and P-channel device on the output structure, 
we have the equivalent of a clamp diode from Ground to the output 
and a clamp diode from the output to Vcc. The benefit of these two 
diodes is that both overshoot and undershoot at the output pin are 
minimized. This can provide significant system benefits in terms of 
noise reduction. Tbe disadvantage of the clamp diode from the 
output to Vcc is that, if the Vcc voltage is reduced to 0 (the power is 
off), there is a clamp path between the output and the Vcc pin 
which will be at Ground. Thus, if the power is off and we have this 
output pin connected to a bus, the bus will not operate. 


Vcc 



Figure 9. FCT Output Structure 
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ICCDVERSUS TA 

The dynamic power dissipation for the IDT74FCT374 is shown 
in Figure 10. The purpose of this figure is to show that the dynamic 
power is flat with regard to temperature; the dynamic power is not a 
function of the ambient temperature. This is true whether the output 
enable is high or low. 



-60 -40 -20 0 20 40 60 80 100 120 140 

Ta (°C) 

Figure 10. Relation for Dynamic Power 
Versus Temperature Is Flat (,) 

Note: 

1 . OE state corresponds to parts with output enable. 


Figure 12 shows the propagation delay versus Vcc. Again, the 
measurements are made at 50pF and 500 ohms and the propaga- 
tion delay has been normalized at 5 volts. What we see Is that, as 
the voltage increases, the device gets faster and as the voltage de- 
creases, the device gets slower. This is exactly as one would ex- 
pect. Also shown in the curve of Figure 12 is that the device func- 
tions ail the way down to a Vcc of at least 2 volts. Although the 
propagation delay is considerably slower, the flip-flops will retain 
data and the outputs will remain in the proper state at Vccs of 
2 volts and 3 volts. This is useful for memory systems with battery 
backup and so forth. One should not interpret from this that FCT 
deviceswill be specified at 2 volts or 3 volts, but rather thatthey will 
indeed function at these voltages. 



1 2 3 4 5 6 7 


Vcc (V) 

Figure 12. Plot of Normalized Propaga- 
tion Delay Versus Supply Voltage 


PROPAGATION DELAY VERSUS TEMPERATURE 
AND VCC 

Figure 1 1 shows the typical propagation delay versus tempera- 
ture characteristics of FCT devices. These measurements are 
made with an output load of 50pF and 500 ohms. If we normalize 
the propagation delay at +25°C, we see an increase in speed as 
the temperature gets colder. Similarly, as the device heats up, the 



-60 -40 -20 0 20 40 60 80 100 120 140 


Ta (°C) 


Figure 11. Plot of Normalized Propagation 
Delay Versus Temperature 
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PROPAGATION DELAY VERSUS LOAD 
CAPACITANCE 

The FCT devices have all AC parameters specified at 50pF load 
capacitance. As the load capacitance is increased, the propaga- 
tion delay increases (see Figure 13). What this figure shows is the 
“delta" propagation delay that should be added to the data sheet 
specified propagation delay for these devices. The delta propaga- 
tion delay at 50 picofarads isO. If the load capacitance is increased 
to 150 picofarads, the delay that should be added to the data sheet 
specified delay is about 2ns, typical. If the capacitance is in- 
creased to 250 picofarads, about 4ns should be added to the out- 
put propagation delay. The data shown in this table is typical of 
FCT outputs. We recommend a worst case number of 3ns per 1 00 
picofarads be used for worst case design. Another way to view this 
same parameter is to use 0.03ns per picofarad above 50pF. There 
are a number of FCT devices such as the IDT39CXX and the 
I DT54/7 4FCT8XX devices that are actually specified at 
50 picofarads and 300 picofarads. Since the output structures in 
all FCT devices are similar or identical, it should be understood 
that FCT devices can be used to drive 300 picofarad loads with no 
degradation to the device. The only requirement is to add the ap- 
propriate propagation delay delta to the specification in the data 
sheet for worst case numbers. 

FCT INPUT STRUCTURE 

For completeness, a more detailed diagram of the FCT input 
structure is shown in Figure 14. Here we see the input ESD protec- 
tion followed by two inverters. The second inverter contains a feed- 
back circuit to provide the regeneration to give the hysteresis on 
inputs where it is provided. 



40 60 80 100 120 140 160 180 200 220 240 260 

CL(pF) 

Figure 13. Plot Showing “Delta” Propagation 
Delay for Load Capacitance Over 50pF 


v cc 



Figure 14. FCT Input Structure 
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Interface is the Indispensable glue In digital systems. The popu- 
lar low-power Schottky and Schott ky families of interface logic 
dominated In the 70s. However, with the advent of advanced 
CMOS technologies and more sophisticated blpolartechnologles, 
there is a definite shift to designing with other families such as FCT, 
ALS, 74F and AS in the ’80s. FCT is the acronym for Fast CMOS 
TTL-compatible on the Inputs and outputs and has the best Ingre- 
dients-high speed, high drive and low power. 

This section deals with interfacing FCT to other families and 
good board design techniques. 


FCT —THE NEW LOGIC FAMILY 

One of the most important graphs that summarizes perform- 
ance characteristics is the speed/power curve. Figure 1 shows a 
comparison between the LS, S, HCT, AS, F and FCT families. 

Figure 1 shows that FCT provides 74F-equlvalent speeds at a 
fraction of the power. In addition, the FCT A family provides a 50% 
speed enhancement over the existing FCT speeds. This perform- 
ance improvement can ensure reliable design where the margins 
were too tight and also provide better throughputs for new designs. 
The maximum clocked speeds shown in Figure 2 are also an im- 
portant consideration. 


SPEED/POWER PERFORMANCE CURVE 

Speed/Power = Performance - Worst Case 
(TTL inputs, frequency = 10MHz, 8 bits toggling) 



PROPAGATION DELAY 
Figure 1. Logic Family Comparison 
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MHz 

Maximum dock speeds for a 374 device 
(Based on set-up time plus clock to output) 

Figure 2. Maximum Clock Speeds 

Yet, another important consideration is output drive. The output 
drive of the FCT family matches those provided by the 74F family. 
Currently, there is also an ACT family being discussed by semicon- 
ductor manufacturers. The drive of the ACT family is targeted to be 
24mA, as opposed to 48mA/64mA provided by the FCT products. 
Figure 3 shows the output drive for different families. The high drive 
of the FCT parts makes them very useful as bus drivers as de- 
scribed in the applications section. 


Family 

Iol/Ioh 

FCTA/FCT 

64/ -15mA 

FAST 

64/ -15mA 

ACT 

24/ -24mA 

ALS 

24/ -15mA 

HCT 

6/ -6mA 

LS 

24/ -15mA 


Figure 3. Output Drive for Different Families 


FCT INTERFACE TO OTHER FAMILIES 

In deciding the interface capability to other logic families, there 
are two important factors. The first is the current and voltage com- 
patibility and the second is the noise margin consideration. Volt- 
age and Current parameters are listed in Table A for the FCT driv- 
ing TTL only, FCT driving CMOS only, 74F and AS families. Note 
that the parameters for the FCT parts, such as low input current re- 
quirements, make for easier design. Also, the outputs of FCT parts 
can go to Vcc -0.2 volts for output currents of 300pA, enabling FCT 
to drive CMOS only circuits, a feature lacking in 74F and AS. 


Parameter 

FCT 

(Driving TTL) 

FCT 

(Driving CMOS) 

FAST 

(Driving TTL) 

74HCMOS 
(Driving CMOS) 

V IH Min. 

2V 

2V 

2 V 

3.15V 

V| L Max. 

0.8V 

0.8V 

0.8V 

0.9V 

V 0H Min. 

2.4V 

4.8V 

2.4V 

3.7V 

V 0L Max. 

0.5V 

0.2V 

0.50V 

0.4V 

I, H Max. 

5pA 

5jjA 

20pA 

Ip A 

lit. Max. 

-5pA 

-5pA 

-0.6pA 

-Ip A 

I 0H Max. 

-15mA 

-300pA 

-1mA 

-6.0mA 

I 0L Max. 

48mA 

300pA 

20mA 

6mA 


Table A. DC Parameters for FCT, Fairchild F, FACT and HC374 Devices 

Note: 

1 . There are two noise margins. One Is the low voltage noise margin, defined as V, L max. (driven device) -VoL max. (driver). The other is the high voltage 
noise margin, defined as V 0H min. (driver) - V| H min. (driven device). 


In driving FCT using 74F devices, a fairly good noise margin is 
achieved. The FCT input stage exhibits worst case Vil of 0.8V and 
Vih of 2.0V, the same as F4F TTL. Since the FCT devices are volt- 
age-level sensitive, they draw a maximum input current of ±5pA. 
When the 74FTTL devices drive the FCTinputs, the 74F TTL output 
voltage will be close to their unloaded Devalues: Voh = 3.4V, Vol 
= 0.2V. This gives a low noise margin = 0.6V and high noise mar- 
gin = 1.4V.Thesenoisemarginsarehigherthanthenoisemargins 
for 74F to 74F (about 0.3V and 0.4V respectively). 

In driving FCT with CMOS, the output voltage of CMOS (Vol = 
0.2V, Voh = Vcc -0.2V) are compatible with the input voltage re- 
quirement of FCT input stage. Therefore, CMOS devices can drive 


FCT inputs without additional external circuitry. This gives a low 

noise margin of 0.6V and a high noise margin of 1.65V. The bestV"H^BK 
noise immunity is achieved when FCT devices are interfaced di-fe fi 
rectly with FCT devices. Due to input/output compatibility, lower^^^y V- 
input leakage current and high drive of output stage, FCT outputs 
can drive FCT input up to the CMOS level (Vcc -0.2V, 0.2V). This 
provides a low noise margin of 0.6V and high noise margin of 2.8V. 

FCT DRIVE 74F 

The FCT output stage is designed to drive 74F inputs directly. 

The output stage of FCT devices is shown in Figure 9 of Section 2. 
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On the output high, the combination of NPN transistor (TTL drive) 
and N-channel devices of FCT output stage can source an output 
current Ioh = -15mA at Voh = 2.4V. The high noise margin is 
0.4V. On the output low, the FCT output stage can sink a current Iol 
of 48mA at 0.5V (buffer devices can drive an Iol of 64mA) . The low 
noise margin is 0.3V, the same as 74F devices. The FCT output 
stage can be interfaced directly to CMOS Inputs without any pull- 
up resistors or shift-level circuitries. In the output stage illustrated, 


the P-channel device at the output stage provides a CMOS-HIGH 
level of Vcc -0.2V and still sources a current lOH of -300pA. This 
provides a high CMOS fanout, about 300 (CMOS leakage current 
= IpA), which is then limited only to the capacitive loading. The 
low noise margin is 0.7V and the high noise margin is 1.65V. A 
noise immunity comparison of different 74F and FCT interfaces is 
shown in Figure 4. 


NOISE IMMUNITY COMPARISON 



TO TO TO TO 

FAST FCT FAST FCT 


Figure 4. Noise Immunity Comparison 


GOOD SYSTEM DESIGN PRACTICE 

As digital systems become faster, so do clock and edge rates 
and this implies more consideration in the power distribution and 
the interconnect network. A power distribution element (PDE) ora 
ground plane should be used whenever possible. A ground plane 


maintains constant characteristic impedance for signal intercon- 
nections and maintains a low noise voltage plane for the Vcc sup- 
ply. A ground plane can exist in single-sided boards, 2-sided 
boards or multi-layer boards. 

A typical layout of ICs on a PC board is shown in Figure 5. 


Common Ground Path on 2-Sided Board 


Figure 5. PC Board with ICs 
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Output Switching from high-to-low on device A can cause a volt- 
age differential on the ground strip common to devices A and B. 
The transient ground current from device A can flow into device B. 
The transient ground passing through the inductive element be- 
tween the two devices can cause the ground voltage on device B to 


spike. Since the output voltages of device B are referenced to the 
ground pin, the Vol levels corresponding have a spike. If the out- 
put on a gate of device B was in a low state, the ground bounce 
would cause a spike (shown in Figure 6). 


Coupling Through Common Ground Path 



® Output 

Vqh 



This can cause false switching in the gate of device C if the spike cally connect the ground distribution strips by narrow traces on top 

were severe enough to drive it over its input threshold. One method of the board (shown in Figure 7). 

of minimizing the ground spikes for two-sided boards is to periodi- 
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Figure 7. Ground Strips to Minimize Ground Spikes 


Bus drivers, grouped on a common ground strip, can cause 
large spikes. Therefore, buffers that are driving backplanes should 


be grouped at the edge of the board and have their ground isolated 
and brought in from the backplane through a separate pin. Also, 
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jumper wires must not be used for ground connections. The pre- Power Distribution Elements (PDE) are recommended for 

ferred approach is to solder ground and supply pins. power distribution. A PDE, shown in Figure 8, consists of two flat 

conductors separated by dielectric. 



r 


Insulation 

Copper Conductor ■< 


Dielectric 




Contact pins 
are distributed 
over the copper 
conductors. 


Figure 8. A Power Dittrlbutlon Element (PDE) 


This arrangement has a layer of insulation on the top and bot- 
tom. Contact pins are distributed over the conductors for easy ac- 
cess. The characteristic impedance of the PDE is about one-tenth 
the characteristic impedance of a two-sided printed board 
distribution (shown in Figure 5). 

When using PDEs, it is best to arrange them so that each han- 
dles only one type of circuit function. Interface components that 
sink or source high currents should have a separate PDE. Also, by 
keeping the interface components at the edge of the board, noise 
due to high-current switching is isolated from other sections of the 
logic. 

Buffers and logic gates need extra current when they switch. For 
example, if 8 outputs of a driver raise the voltage of the driven lines 


fromO.1 volts to3.1 volts, then the current requirement can be com- 
puted. If the impedance of the driven line is 60 ohms, there is a sud- 
den demand for 0.4A. A bypass capacitor can provide this current 
demand. The capacitor is computed by using the equation C dv/ct 
= I, where dv is the tolerable voltage drop, dt is the transition time 
(3ns in above example) and I is the current demand (0.4A in the 
above example). 

It is recommended that bypass capacitors be used for buffers 
and transceiver ICs. If PDEs are used, the bypass capacitors 
should be placed at the end of each PDE instead of each buffer 
and transceiver. The capacitors should be of low inductance and 
high-frequency quality. Where Vcc comes on the board decou- 
pling capacitors of 0.1>if, a ceramic disk capacitor can be used in 
parallel with a 20 to 30pf tantalum capacitor. 
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FLAT PARALLEL CONDUCTORS 



e r = The relative dieletric constant of one PC board's glass epoxy layer. 

Figure 9. PCB Interconnects 


CHARACTERISTIC IMPEDANCE SECTION 

All forms of PCB interconnects are transmission lines. The point 
at which reflections need to be taken into account is when the 
transmission delay time is “long” with respect to the pulse rise 
time; the FCT family rise and fall times are 2-3ns. A “long” line is 
one whose round trip propagation delay is equal to or greater than 
the signal rise time. The line impedance Zo determines how much 
current must flow into the device output stage. Popular PCB inter- 
connects are shown in Figure 9. 

A microstripline is a signal trace over a ground plane; Zo and tpo 


can be computed based on the geometry. For example, if e r = 5 
(for 910 glass epoxy) h = 30 mils, w = 15 mils, t = 3 mils, then Zo 
= 85D and tPD = 0.15ns per inch. 

A stripline is a microstripline encased between ground planes 
and has the lowest susceptibility to crosstalk. PC traces that are 
side by side also have impedance. The provided formula can be 
used in calculating power rail impedances or crosstalk. 

Flat parallel conductors, whose area is much greater than their 
thickness, tend to have very low impedances and thus make very 
good power distribution planes. 
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Wire interconnects are shown in Figure 10. 



WIRE OVER GROUND PLANE RIBBON 





CO-AXIAL CABLE 

Figure 10. Wired Interconnects 

A wire over ground plane has the least stable of all impedances The intrinsic impedance and propagation delay of the intercon- 

due to difficulties in keeping h constant. Propagation delay will nect is only part of the impedance. The effective impedance has 

vary with h and the insulation and is usually determined by to be known as well. Adding gate inputs, outputs, connectors, etc. 

measurement. to a signal line reduces its impedance and increases its propaga- 

In a twisted pair of ribbon cables, impedance is stable and usu- tion delay. In the equations, Cl is the total of all additional loading 

ally in the order of 70 to 100G. Coaxial cables have a very stable and Co is the intrinsic capacitance of the line. Figure 1 1 shows the 

impedance, but this can be upset and reflections can be caused effect of the impedance and propagation delays, 

by sharp bends or crunching of the cable. Propagation delay and 
capacitance for twisted pair and coaxial cables is normally speci- 
fied by the cable manufacturer. 


Zo 



/ 

Zp = New (lower) Impedance 
tpo = Propagation delay with Cl 


Where Cl is the Total of all 
Additional Loading 


Figure 11. Effect of Impedance and Propagation Delays 
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When a source encounters an unmatched load on the line, that 
line will have reflections. Also, if the source has a fast rise and fall 
time and the propagation delay to the receiver is large then the re- 
flections can occur. If propagation delay for the driver to the re- 


ceiver is tpD, and if tRiSE or tFALL< tpD, reflections will occur. 
Figure 12 shows the reflections on the low-to-high transition and 
Figure 13 shows the reflection on a high-to-low transition. 


Gate Driving 1000 Line Reflection Diagram 
Low-to-High Transition 


Input Clamp 
+ 1650 


\ mA 
\ 60 
1 
\ 

40 

t 

L j 


l:V Characteristic of 
gate input plus 
termination 


T = Line Delay 

Time 0 T 2T 3T 4T 


—I 3.4V 
I I I 
Driver Output 


Rcvr. Input 


‘ Iqh =Voh 



Figure 12. Reflections on a Low-to High Transition 
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Figure 13 shows the reflection on a high-to-low transition. 

Gate Driving 100£2 Line Reflection Diagram 
High-to-Low Transition 




at Rcvr. ~ 0.5V 
d- Second Step at 
Driven End ~ 0.2V 

e- Second Step 
at Rcvr. ~ 0.3V 


Figure 13. Reflection* on a Hlgh-to-Low Transition 


The points are generated by drawing load lines from the input 
and output characteristics of the devices. Reflections can be 
reduced by using short lead lengths and using appropriate termi- 
nations on the line. 


The problems associated with reflections can be minimized by 
using appropriate terminations, in Figure 14, a step high-to-low 
voltage applied at the driver appears at the receiver. 


Vcc Vcc 



Normally, there is no termination and the Input step may try to 
double; however, due to the input clamp diode on the receiver, it 
settles to zero. FCT parts have a clamp diode only to ground and 
this helps negative-going excursions to clamp to a certain voltage. 
The FCT parts do not have a clamp diode to Vcc and this has other 


advantages when two systems having different Vcc levels are tied 
together, as explained under the System Advantages section. 
Another form of termination is series termination, as shown in 
Figure 15. 
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These are resistive terminations to ground or Vcc, split resistor 
or Thevenin terminations. Resistive termination to ground or Vcc 
draws excessive DC current when the output is in the appropriate 
state due to the low value of the effective impedance. The Thevenin 
termination, which is popular with TTL circuits, does not work as 
well with CMOS-type circuits because, not only does one get DC 
resistive power in the termination, one also gets increased ICC due 


to the resistive power in the termination due to the two transistors 
turning on in the input stage. Although the internal switching 
threshold of an FCT device is about 1.5 volts, there is more power 
consumed by the device with the inputs being at 2.5V than at 4.5V. 

AC terminations, as shown in Figure 17, give no DC current 
drain and also terminate the line In the effective impedance. 


Vcc v cc 



500 to GND 


Figure 17. AC Termination 


If used on a 3-state bus, the bus will remain in its last state for a 
few milliseconds. The capacitor should have an impedance XCat 
a value of less than 5% of the effective impedance and a frequency 
of 1/2tpoof the line independent of the pulse repetition rate. A 10nF 
decoupling capacitor can be a good choice. The corresponding 
XC is about 100 milliohms and, therefore, RT should match the line 
impedance. 


CROSSTALK 

Crosstalk is caused by capacitive and inductive loading along 
parallel lines. Figure 18 shows transition on switching line A, B can 
affect another adjacent non-switching line, C, D. 



Figure 18. 
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The amplitude of the noise due to crosstalk is a function of the delay along the coupled length is compared to the rise time (tR) 

coupled length and the line delay. As shown In Figure 19, the line and fall time (tF)of the source. 


Noise Pulses at D 


Noise t R is the same 
as active line 
signal t R 


Noise t R is the same 
as Noise t R 



For T > t R noise 
reaches max. amplitude 


For T = 0.5 t R noise 
just reaches max at peak 


n 


ForT < 0.5 t R noise 
never reaches full amplitude 


Figure 19. Crosstalk Amplitude for Different Une Delays 


If T is long compared to tR, the crosstalk pulse has time to de- 
velop to its full amplitude; if T is equal to 0.5 tR , the reflection from 
the driven end of the passive line starts pulling the voltage down 
just as the noise pulse reaches full amplitude. Therefore, the noise 
in only a spike. When T < 0.5 tR, the reflection arrives before the 
noise pulse and the noise amplitude is reduced even further. 

The amplitude of the noise pulse can be reduced by using 
terminations. Figure 20 shows the noise amplitude when a ter- 
minating resistor is used. 


Another way to reduce crosstalk in multi-layer configurations, is 
to place perpendicular signal lines in adjacent planes. Other gen- 
eral techniques for crosstalk reduction are to reduce spacing be- 
tween signal lines, minimize spacing between signal lines and 
ground, run a ground trace alongside the cross-talker or cross-lis- 
tener, use split-resistor terminations or make every other conductor 
in a flat cable a ground. 


Signal on 
Active Line 


Noise Amplitude w RV active 

at D versus R v ~ n , 7 



Noise Amplitude vs. Terminating Resistor 

Figure 20. 



100% = NoR 
67%: R = 2Z 0 
60%: R = 1.5Z 0 
50%: R = Z 0 
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SYSTEM ADVANTAGES 

There are three significant advantages of using FCT devices be- 
sides high speed and low power. The typical.input and output ca- 
pacitance of FCT devices is 5pF and 8pF, respectively, measured 
at 1MHz and +25°C. Therefore, FCT loads the buses minimally. 

Another advantage is the clamp diode on the input stage. Nega- 
tive excursions on the input are clamped to -0.8 volts, thereby im- 
proving on reflected waves to the source. 

A clamp diode for positive overshoots has intentional ly not been 
added. The system advantage, compared to other CMOS-TTL 
families, is that one FCT device that has one Vcc level can drive 
another FCT device driven at another Vcc level without adding a 


series resistor. Currently, in other CMOS-TTL compatible families 
such as ACT, one had to add a series resistor of 100 ohms in the 
above application to limit the current flow from one voltage supply 
to the other when the second voltage supply was lower or not pre- 
sent. This is because ACT circuits have a clamp diode to Vcc in 
addition to clamp diodes to ground. 

One design note on tying FCT outputs to buses when the device 
is powered down is that the output will clamp to 0.6 volts when 
some other bus driver is trying to pull it to an active high level. When 
the active driver pulls it low, there are no conflicting situations. A 
user must be aware of this in using FCT parts and powering them 
down to zero volts. 
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GROUND BOUNCE 

This noise effect is caused by large AC currents flowing in simul- 
taneous switching outputs. It manifests itself as an instantaneous 
voltage drop on package and PCB ground inductances. This volt- 
age can couple through a steady static output {worst case in the 


low state). This spike, riding on a normally low output, can be a 
concern in buffering edge triggered devices. Therefore, extra care 
is needed for this area. 

Figure 1 illustrates the phenomenon for an octal buffer. LP and 
LB are the package and PCB ground inductances. 
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The table shows the relative magnitudes of LP for different pack- 
ages. In actual operation of the octal device shown, seven of the 
eight outputs switch high-low; the eighth one is held at ground by 
its input. Summation AC current 1 g then flows through both induc- 
tances, causing the AC voltage drop VP and VB. The sum of VP and 
VB is then coupled to the output held at ground (it appears in the 
form of a spike in the top trace). VP + VB = (LP + LB) dlG/dt 
IG = 210. 


In most cases (octal buses, etc.), the spike is not a concern 
since it usually ends by the time the outputs switch (settling time). 

One must adhere to high-speed board design so that the spike 
doesn’t propagate through the board’s ground inductance 
(ground plane, for instance, and minimizing ground loop 0.5). Ana- 
lyzing the effect of this spike further, it takes more than a Vil (0.8V 
for TTL) amplitude to cause false triggering or pulse propagation 
for the driven device. Figure 2 illustrates this point. 



1 23456789 10 11 

PULSE WIDTH (50%) ns 

Figure 2. 


Figure 2 shows an IDT74FCT244 being driven by various pulses 
varying in amplitude and duration. The graph shows the ampli- 
tude/pulse width combination necessary to cause the output of the 
IDT74FCT244 to violate a VoL- Typically, the ground bounce spike 
50% width is about 3ns; therefore, a 2.4V amplitude is needed for 
propagation, a number higher than typical spike amplitudes found 
in DIPS (worst case package). If additional immunity is needed in 
critical circuits, we can use surface mount packages which can de- 
crease the spike amplitude by 40%. There are some vendors 
which have opted for bigger packages (multiple Vcc/Vsspins); 
however, this approach has other inherent problems besides the 
obvious give-up in greater board space. By adding multiple 
grounds in the side of the package, the effective package ground 
inductances are substantially decreased. However, the edge rates 
will invariably be increased, causing additional crosstalk and ring- 
ing noise. Also, the dlG/dt actually increases, causing a larger 
noise voltage across PCB inductances. Although the noise is de- 
creased in the package, it increases in the board. 


IDT has taken the correct approach to this noise concern in a 
new enhanced introduction of FCT logic. A new output structure 
has been developed which controls dlG/dt rather than package in- 
ductances. The result is threefold: in DIPs, it reduces crosstalk and 
ringing and reduces the spike on PCB boards without sacrificing 
speed. FCT will be the easiest high-speed logic family to design in. 

ELECTROSTATIC DISCHARGE PROTECTION 

The input or output circuitry of all CMOS devices must be pro- 
tected from high electrostatic discharges through special protec- 
tion structures. This protection becomes increasingly important in 
state-of-the-art, high-speed CMOS where thinner oxides (lower 
gate voltage breakdown) and smaller geometries are used. IDT’s 
1 micron I/O structures meet MIL-STD-883’s highest specification: 
Category B devices are not ESD sensitive below 2000V. Category 
B devices do not need special ESD handling procedures other 
than normal good practice. 
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The input protection circuit is designed to withstand large volt- 
age and current spikes encountered in normal handling of devices. 


The schematic for this structure, used in all FCT, Is illustrated in 
Figure 3. 


Vcc 



The gate to be protected is shown as inverter G. Diode D1 and 
resistor R2 are really the drains of N-channel device Ml and act as 
a high current negative clamp to large negative voltage spikes. The 
area structure is large in order to handle the large currents. For 
large positive voltage spikes, device Ml breaks down at about 15V 
and diverts current from drain to source to ground. Again, this de- 
vice is made large in area in order to handle large currents. The ad- 
ditional circuitry, composed of R1, Q1 and M2, is used to slow 


down fast ESD spikes at the pads in case D1 or Ml do not have 
enough time to act. Resistor R1 and capacitance Cl function as an 
RC delay circuit going into gate G. In addition, M2 clamps positive 
voltages at about 15V due to its breakdown and Q1 clamps nega- 
tive voltages at about -0.6V. 

Testing for ESD sensitivity is done according to MIL-STD-883C, 
Method 3015.2. The set-up is illustrated in Figure 4. 


800K to 3gQ 1500Q 



Figure 4. 


The 15000 resistor and lOOpF capacitor combination models 
the human. Essentially, the lOOpF capacitor is charged to voltage 
V via the switch and then discharged through the device under test 
and the 15000 resistor. The part iathen tested for damage. Usually 
an increase in input or output leakage is noted. The part is labeled 
“damaged” when the I/O leakages fail the data sheet specifica- 


tions. This procedure is repeated 5 times at voltage V and -V. If the 
part passes, it is categorized as insensitive to voltage ±V. 

Testing of FCT devices has shown typical protection up to 
5000V. Even though the protection circuit provides good immunity 
to ESD damage, large ESD voltages can be generated by a person 
(more than 5000V); therefore, good handling practices still apply. 
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LATCH-UP 

Latch-up has been a concern in the use of CMOS in the past. 
Much care has gone into eliminating this phenomenon under nor- 
mal conditions. For example, minimum trigger currents are well 
above the maximum allowed current through any pin (120mA). 


However, the designer should be aware of latch-up, what causes it 
and how to prevent it. 

The latch-up phenomenon can be easily explained by looking 
at a cross section of our CEMOS™ process illustrated in Figure 5. 


INPUT 



P-CHANNEL N-CHANNEL 



Figure 5. Process Profile and Schematic of Parasitic Bipolar Structures In CMOS Inverter 


Figure 5 shows a typical output buffer and its parasitic bipolar 
equivalent schematic. The two emitters that trigger the SCR are 
connected to the output. Therefore, if the output is forced to be 
greater than Vcc by 0.5V, or below Vssby 0.5V, the proper bipolar 
device is turned on. For example, if the output is forced below 
ground, collector current flows through R1 and Q1 causing a volt- 
age drop across R1 which is the N-substrate. The voltage drop 
causes Q2 to be turned on if its base emitter magnitude is greater 
than a diode drop. 

Q2 collector current then begins to flow which causes Q 1 to turn 
on harder. At this point, latch-up has occurred since the collector 
currents flowing through Vcc and ground can be sustained even if 
the trigger current is removed. Since R1 and R2 are generally very 


low, the current flowing through Vcc can be > 1 A, which can blow 
the internal bond wires. Several steps were taken with FCT logic to 
substantially decrease latch-up susceptibility— among other 
things, decreasing R1 and R2, decreasing the betas of Q1 and Q2 
and adding multiple collectors to divert current. 

Another latch-up phenomenon is an internal one and can be 
triggered by Vcc overvoltage. In this case the SCR is triggered by 
internal MOS breakdowns. For the FCT logic line, the Vcc voltage 
needed for triggering is 10-12V, far above the normal operating 
range. 

There are several methods and test circuits that can be em- 
ployed to test for latch-up. The one primarily used to characterize 
the FCT logic family is shown in Figure 6. 


14-240 






FCT— FAST, CMOS, TTL-COMPATIBLE LOGIC 


TECHNICAL NOTE TN-05 


Testing SCR Latch-Up of FCT 



VOLTMETER 



7 V 


Figure 6. 


This circuit utilizes several supplies and various meters to either 
force current into the Vcc diodes or force current out of the ground 
diodes. By controlling the input supply, a current is forced into or 
out of an input or output of the test device. As the input supply volt- 
age is increased, the current into the diode increases. Internal tran- 
sistor action may cause some supply current to flow, but this 
should not be considered latch-up. When latch-up occurs, the 
power supply current will jump and, if the input supply is reduced 
to zero, the power supply current should remain. The input trigger 
current is the input seen just prior to the supply current jumping. 


Testing latch-up is a destructive test but, in order to test FCT de- 
vices without causing immediate damage, test limits for the 
amount of input or output currents and supply voltages should be 
observed. Even though immediate damage is avoided, the SCR 
latch-up test is destructive and the 1C performance may be de- 
graded when testing to these limits. Therefore, parts tested to these 
limits should not be used for design or production purposes. By not 
violating maximum electrical specifications, FCT logic is consid- 
ered latch-up proof. 
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Section 5 

Bus-Driving and Graphic Display Applications 

By Suneel Rajpai 


FCT devices have the basic functions register, latches, buffers, 
comparators, counters, decoders and, due to the Inherent I/O ca- 
pabilities, fit into many applications. In addition to 8-bit registers, 
buffers and latches, 8-bit, 9-bit and 10-bit versions are also avail- 
able. FCT devices replace their equivalent 74F and 29800 devices, 
match or exceed the AC requirements and match the DC require- 
ments, including Iol 

Popular buses such as VME, Multibus and Multibus II have spe- 
cific loading requirements. These are shown in tables MA to MC. 
FCT devices meet or exceed the requirements shown in these ta- 
bles. In cases where 64mA drive is needed, drivers such as the 
IDT74FCT244 can be used. 


Low State Sink Current 

Iol ^ 48mA 

Low State Voltage 

Iql— 0.6V @ Iql = 48mA 

High State Source Current 

Iqh S3mA 

High State Voltage 

Vdh 5 2.4 @ Ioh -3mA 

Drivers Off 


Current Sources by Board at 

0.6V Including Leakage Current 

Iozl = Iil — 700pA 

Current Sunk by Board at 

2.4V Including Leakage Current 
at 2.4V 

•ozh = l| H 5 150pA 

Total Capacitive Load on Signal 
Including Signal Trade 

CT< 20pF 


Table A. VMEBUS Driving and Loading Requirements for 
Standard Three-State Lines (A ni -A ai , D nn -D» 1 , 
AM 0 -AM 5 . /IACK, /WRITE) 


Low State Sink Current 

Iol> = 48mA (BCLK/CCLK) 

Iq L = 32mA (Read/Write interrupt) 
Iol 5 16mA (for address/data) 

Low State Voltage 

V 0L < 0.5V @ l 0L = 48mA 

Current Sourced by Board 

li L < 0.8mA (address, data) 

at 0.6V 

I| L < 2mA (read/write) 

Current Sunk by Board 

kn S 125pA 

at 2.4V 

(address/data/read/write) 

Total Capacitive Load 

On Signal 

CT <18pF 


Table B. MULTIBUS Driving and Loading Requirements 


Low State Sink Current 


Data and Address 

Iol > 48mA 

Requesting and Replying Agents 

l 0L > 64mA 

Low State Voltage 

Vqi_ < 0.55V @ Iol = max. 

High State Source Current 

Ioh 5-3mA 

High State Voltage 

V oh >2.4V@Ioh= -3pA 

Drivers Off 

Current Sourced by Board at 

0.6V Including Leakage Current 

Iqzl ^ Ijl <1000jjA 

Current Sunk by Board at 2.4V, 
Including Leakage Current 
at 2.4V 

IoZH + l|H IOOjjA 

Total Capacitive Load On Signal, 
Including Signal Trace 

CT< 20pF 


Table C. MULTIBUS II Driving and Loading Requirements for Standard 
Three-State Unes (AD31* -0*, PAR3*-PAR0, * SC9*-SC0*) 


SERIALIZER FOR GRAPHIC DISPLAYS 

Another more specific application for FCT devices is interface 
video RAMs. Pixel data is stored In memory and has to be read by 
the CRT. One popular storage device is Video RAMs or VRAMs. 
These devices consist of DRAMs that have a serial register on the 
outputs of the memory array. This architecture allows an entire 
DRAM row of data to be loaded in the serial register and to be dis- 
played while the frame memory is updated/refreshed. The serial 
ports of the VRAM that output data may operate at a slower 25MHz 
rate. This may not be fast enough for the display refresh. One way 
to organize the data is shown in Figure 1 . The frame buffer has 1 K x 
IK pixels. Each pixel may be 4 bits and therefore, can provide 16 
different colors at a time. These pixels can be stored over 4 planes 
and each plane may be 16 64K x 1 DRAMs. In Figure 1 one plane is 
shown and the data may be disturbed so that P0 is in VRAMO, PI is 
in VRAM1 (and so on), and P15 is in VRAM15. 

Now PI 6 appears in VRAMO again and the storage pattern is re- 
peated. On displaying the data for one plane, all 16VRAMs are ac- 
cessed and a row of the DRAM memory (which is 256 bits wide) is 
stored in the serial register of the VRAM. 

The 1 6 serial outputs of the VRAM can be fed directly to a RAM- 
DAC device that has serializing capability on board. The purpose 
of the RAM in the RAM-DAC is to select a particular color out of a 
palette of colors, thereby allowing a larger selection of displayable 
colors. The DAC portion is used to translate the digital value to the 
appropriate (red, green or blue) intensity level on the display. How- 
ever, there are other possible configurations where the serializing 
capability has to be done before the data is sent to the RAM-DAC or 
even a DAC. In this case, an FCT299A allows a high-speed paral- 
lel-to-serial convert operation. These parts can be cascaded and 
the FCT299A allows a 70MHz operation in the cascaded mode. In 
the example shown in Figure 2, the data from four planes are 
loaded in parallel into four columns of FCT299AS. 

Each column consists of two cascaded FCT299AS. Every 14ns 
a 4-bit parallel output is available that can be used as input to a 
DAC or a RAM-DAC. 
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The following are simple examples of using IDT’s FCT devices 
in typical applications. They are intended to stimulate thinking of 


various other example applications of registers, latches, buffers, 
decoders, transceivers, comparators and counters. 
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Figure 1. Selective Register Loading of Data on Synchronous Clock 


FCT — FAST, CMOS, TTL-COM PATI BLE LOGIC TECHNICAL NOTE TN-05 
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Figure 2. 16- Bit Cascaded Parallel Load/Unload Shift Right/Left Register Using 
IDT74FCT299S or IDT74FCT299As 
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Figure 3. High-Speed Carry Lookahead Counter (IDT74FCT161A or 
IDT74FCT163A) — (Can count modulo N, N1-to-N2 or NI-to-N maximum) 
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Figure 6. Two IDT74FCT374s Can Be Used as a 
Bidirectional Bus Driver/Register 


Figure 7. Interfacing 32/8-Bit Processors 
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ADDRESS 19-17 



Figure 8. Memory Array Using Two £5 
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Figure 9. Standard Memory Design Using One £5 
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Figure 10. Higher-Speed Memory Design Using Two £3 
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Appendix A 

Package Thermal Resistance 
(In 0 C/Watt) 


Package 

0JC 

Junctlon-to-Case 

6JA 

Junctlon-to-Amblent 

Ceramic DIP 



16-pin (0.3) 

35 

90 

20-pin (0.3) 

28 

75 

24-pin (0.3) 

26 

65 

Sldebraze DIP 



16-pin (0.3) 

30 

70 

20-pin (0.3) 

28 

60 

24-pin (0.3) 

27 

55 

48-pin (0.4 x 70 mil) 

21 

38 

48-pin (0.6 x 100 mil) 

20 

36 

Plastic DIP 



16-pin (0.3) 

45 

74 

20-pin (0.3) 

40 

70 

24-pin (0.3) 

35 

65 

LCC 



16-pin 

45 

_ 

20-pin 

40 

96 

24-pin 

35 

90 

28-pin 

33 

85 

32-pin 

31 

83 

48-pin 

30 

80 

52-pin 

30 

80 

PLCC/SOIC 



16-pin 

40 

90 

20-pin 

37 

85 

24-pin 

34 

80 

28-pin 

31 

72 

32-pin 

30 

68 

48-pin 

30 

60 

52-pin 

30 

58 


CEMOS is a trademark of Integrated Device Technology, Inc. 
PAL is a trademark of Monolithic Memories Inc. 













by Suneel Rajpal and Frank Schapfel 


FIFOs are First-In/First-Out buffers that act as elastic buffers be- 
tween two synchronous or asynchronous systems. The IDT7201 
(512 x 9), IDT7202 (IK x 9), IDT7203 (2K x 9) and IDT7204 (4K x 9) 
are high-speed FIFOs that can operate at frequencies greater than 
20MHz. Here are a few tips on designing with these FIFOs. 

A generic block diagram of the FIFOs is shown in Figure 1 . After 
power up, the FIFO must be reset. The reset operation requires that 
the read and write lines be high for a time tRpw or twpw (the read or 
write pulse width minimums) before the rising edge of RS, and to 
be high fora time tRSR afterthe rising edge of RS. These operating 
conditions are shown in Figure 2. It is important to observe the 
stipulated requirements on R and W during reset because they in- 
crement the read and write pointers and both edges of the read and 
write also affect the empty and full counters. The Full and Empty 
Flag counters have to be appropriately set after a reset operation. 

The read and write pointers are high-speed counters that are in- 
cremented on every rising edge of read and write lines. These lines 
must be noise-free as in other high-speed counters like F161s and 
AS161s. This poses a common interface issue that users often en- 
counter. False clocks can be caused by transmission line effects or 
crosstalk. Some of the symptoms of false clocking are flags as- 
serted when they should not be, missing data or scrambled data 
order. 

The Read or Write signals may be generated by a part that is 
physically placed far away from the FIFO on a PC board. This im- 
plies a propagation delay to and from the driver to the receiver that 
is greater than the rise and fall time of the driver. This causes reflec- 
tions on the line. Also the driver that has a low impedance on the 
high-to-low transition causes an impedance mismatch. The mis- 
match is apparent with an F-type device or a Schottky-TTL device 
as their high-to-low impedance is fairly small (typically under 
1 5 Ohms for F-type or FCT and under 1 0 Ohms for Schottky-TTL) . 


This translates to a signal that eventual ly settles near zero volts but, 
in the interim, has a “damping" effect; it may go through a -2.0 volt 
to + 1.5 volt to -1.0 volt to + .7 volt to zero volts. This is shown in 
Figure 3. The FIFO devices can handle a negative voltage level of 
1.5V for less than 10ns. If a positive 1.1 voltage level persists for a 
pulse width greater than 5ns, the corresponding read or write point- 
er may increment. Data is either written or read twice, or garbage is 
written to or read from one or more locations. This can cause the 
FIFO to be “out of sync” where the read or write (or both pointers) 
are at wrong locations. This problem is solved by keeping the parts 
creating the R and W signal as close to the FIFO as possible. If 
FAST™ or Schottky devices are used, and if ringing occurs, add a 
series resistor of 20 to 50 Ohms so the impedance of the driver in 
the high-to-low transition, plus the series resistor, approximately 
equal the line impedance. 

Read (R) and Write (W) should be high if read and write opera- 
tions are not occurring. Crosstalk causes noise on the read and 
write lines that may be 1 .1 volts or greater for more than 5ns. How- 
ever, if read and write are high and noise appears on the line, the 
FIFO is more noise immune (as Voh is higher on the driver when a 
CMOS device in being driven and the Vcc noise margin is greater 
than the ground noise margin). During a long clock low time of 
150ns, for a clock cycle of 200ns, a spurious read or write can oc- 
cur due to noise. If the system can handle it, a better recommended 
timing is a clock low time of 50ns and a clock high time of 150ns, 
giving better noise immunity. 

Unused data inputs should be tied to ground or VCC- In the 
standalone mode or width expansion mode, XI must be grounded 
and FL/RT should be tied HIGH, given the retransmit feature is un- 
used. Good board design techniques must be practiced and a 
ground plane or power distribution element are highly recom- 
mended. Decoupling capacitors of 0. Ipf disk capacitors should be 
used to decouple Vcc and ground. 



FAST Is a trademark of Fairchild Semiconductor Co. 
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FAST RAMs GIVE 
LOWEST POWER 


TECHNICAL 

NOTE 

TN-07 



by John R. Mick 


INTRODUCTION 

Many types of equipment such as airborne flight equipment and 
ground-based, battery operated equipment require the lowest pos- 
sible power for their operation. Often, design engineers choose the 
slowest possible memories thinking that they are minimizing the 
power dissipation. In many applications, this does not necessarily 
represent the lowest power system. 

UNDERSTANDING THE TRADEOFF 

Most CMOS static RAMs have several different power supply 
specifications depending on their mode of operation. For example, 
the operating power supply current (Ice) can be quite high. Many 
CMOS static RAMs have one or two different standby currents 
specified. The first of these is theTTL level standby current usually 
designated as ISB- The second of these is the full CMOS standby 
power level usually designated as ISBt These two standby cur- 
rents are usually considerably lower than the operating power sup- 
ply current. 

DESIGN EXAMPLE 

Let us suppose that we have a microprocessor system that has a 
required bus cycle of 200ns. For the purpose of this design exam- 
ple, let us assume that if we select a slow static RAM (such as 
120ns), we can design the system so that the chip select is low for 
120ns and high for 80ns. This gives a total microprocessor bus cy- 
cle time of 200ns. The result of such a system is that, while the chip 
select is low, the operating power supply current is drawn. For the 


purpose of this example, let us assume that 90 milliamps is re- 
quired. Similarly, while the chip select is high, the full CMOS 
standby power supply current is drawn and, in this example, let us 
assume it is 0.9 milliamps. The net result is that the average power 
dissipation to operate the RAM in this speed range is 275 milliwatts. 
This is shown in Figure 1. 

A second design possibility exists in which we could select a 
very fast static RAM (such as 35ns). Let us assume the IDT7198L35 
for the purpose of this example. In this design, a 200ns bus cycle is 
again required for the design, but now we will operate the RAM as 
fast as possible. This will result in the chip select being low for a 
total of 35ns and high for a total of 165ns. The net result is that, for 
the IDT7198L35, while the chip select is low, we draw an active 
power of 110 milliamps. While the chip select is high, we draw a 
CMOS standby power of 0.9 milliamps. This results in a total aver- 
age power for the system of 100 milliwatts. 

SUMMARY 

As can be seen from the above example, and referring to Fig- 
ure 1 , utilizing the fastest static RAMs can result in the lowest over- 
all operating power for this system. This takes advantage of the 
much higher speed of the RAM and the resulting low duty cycle for 
which we draw the high amount of power. Thus, we can see that 
one should not just choose a slow RAM for a low-power system, but 
rather the designer should consider the fastest possible static 
RAMs and utilize the low operating duty cycle when implementing 
the system. 


FAST RAMs = LOWEST POWER 
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Figure 1. Active Chip Select Time for 200ns Cycle 
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OPERATING FIFOs ON 
FULL AND EMPTY 
BOUNDARY CONDITIONS 


TECHNICAL 

NOTE 

TN-08 


by Suneel Rajpal and Frank Schapfel 


The IDT7201, IDT7202, IDT7203 and IDT7204 (512 x 9, IK x 9, 
2K x 9 and 4K x 9) FIFOs have only four control lines: Read, Write, 
Reset, Retransmit. The focus of this tech note is the relation of the 
Read and Write lines to the FIFO’s empty and full conditions. 

These high-speed FIFOs can perform asynchronous and simul- 
taneous read and write operations. Read and Write assert and 
deassert the Empty Flag and Full Flag. Therefore, special condi- 
tions exist when a full FIFO continues to be written to and a read 
operation takes place. Also, special timings occur when an empty 
FIFO continues to be read to and a write operation takes place. 
These operations are called the FIFO boundary conditions. 

Read and Write increment the read and write pointers on their 
respective rising clock edges. The read and write pointers affect 
the Empty Flag and Full Flag counters. The Empty Flag timings are 
shown in Figure 1. When the FIFO has only one word in it, the fall- 
ing edge of the Read causes the Empty Flag (EF) to be asserted. 
After the clock cycle is completed (Read goes high again) , EF will 
remain asserted and the jntemal read counter Is not affected by 
subsequent read cycles. EF is deasserted by the next rising edge 
of Write, after which another read pulse can be appl ied to do a read 
operation. In asynchronous systems, read and write operations 
take place at any time; EF is set by one signal and deasserted by 
another asynchronous signal. 

When Read Is being clocked on an empty FIFO, the outputs will 
be in high-impedance. If a write operation is performed during 
asynchronous read cycles, a possible violation ofjthe read pulse 
width minimum can occur, as shown in Figure 2. EF is deasserted, 
but there is an insufficient read pulse minimum width. To prevent 
the minimum read pulse width violation, initiate a read operation 
only after EF is high, or guarantee a long enough read pulse width 
minimum time. A violation of the timing causes an internal glitch on 
the FIFO Read which can cause the read pointer to be “out of 
sync." Then the data inside the FIFO may be scrambled or may be 


garbage. The Empty Flag and Full Flag counters may also be up- 
set by the internal glitch, which upsets FIFO memory usage. The 
only way to recover from this violation is to do a master reset. 

A similar situation arises at the full FIFO boundary condition. 
When the FIFO is one word from being full, the falling edge of Write 
causes the Full Flag (FF) to be asserted. After the write cycle is 
completed (Write goes high again), FF will remain asserted and 
the intemal_write counter is not affected by subsequent write cy- 
cles. The FF flag is deasserted by the next rising edge of the Read, 
as shown in Figure 3, after which another write pulse can be ap- 
plied to do a write operation. 

When the FI FO is full and Write is being clocked, data sent to the 
FIFO will be ignored and the write pointer will not increment. Here, 
as in the earlier case, if these write cycles are asynchronous during 
a read operation, a possible violation of the write pulse width mini- 
mum can occur, as shown in Figure 4. Here, FF is deasserted but a 
sufficient write pulse minimum width is not_met. To prevent the 
problem, initiate a write operation only after FF is high, or guaran- 
tee a long enough write pulse width minimum time. A violation of 
the timing causes an internal glitch on the FIFO write line. This can 
cause the write pointers to be “out of sync” where the data inside 
the FIFO may be scrambled or may be garbage. The Empty Flag 
and Full Flag counters may also be upset by the internal glitch. 
Again, the only way to recover from this condition is to do a master 
reset. 

In summary, these FIFOs are designed to transfer only valid 
data from input to output. To ensure that valid data is written into 
and read from, empty and full FIFOs handshake through the flag 
mechanism. When there is no output data available, the reading 
side must wait until the endofawrite. Inafull FIFO, the writing side 
must wait for the reading side to create an “empty” location. Incom- 
plete read and write cycles can not only invalidate data, but can 
cause the pointers to be out of synchronization, requiring a master 
reset to renew data transfer. 


READ 


WRITE 


EMPTY FLAG 



Figure 1. Empty Flag from Last Read to First Write 
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WRITE 


READ 


FULL FLAG 


INTERNAL WRITE 




Note: 

1. Pulse within the FIFO used to clock the write pointer and the Empty and Full Flag counters. 

2. If t) < twpw('“-inimum write pulse width low), then the write pointer, Empty Flag and Full Flag counters may be out of sync. See Figure 1 6 of IDT7201/2SA 
data sheet. 
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CASCADING FIFOs or 
FIFO MODULES 


TECHNICAL 

NOTE 

TN-09 



by Suneel Rajpal and Frank Schapfel 


The IDT7201, IDT7202, IDT7203 and IDT7204 are high-speed 
512 x 9, 1 K x 9, 2K x 9 and 4K x 9 FIFOs, respectively, that can be 
cascaded to form even deeper FIFOs. This tech note explains how 
these FI FOs are cascaded. The principles mentioned here also ap- 
ply to the IDT7M203, IDT7M204, IDT7M205 and IDT7M206 high- 
speed 2K x 9, 4K x 9, 8K x 9 and 16K x 9 cascadable FIFO modules, 
respectively. 

A cascaded FIFO configuration of 512 x 9 FIFOs is shown in Fig- 
ure 1. The FL pin (First Load) of the first FIFO to be loaded after a 
reset is tied to ground. The other FIFOs have their FL pin tied to 
Vcc. After a reset operation, the first 512 writes occur in the first 
FIFO. During these write operations, the XO (Expansion Out) and 
XI (Expansion In) lines are high.jOn the 512th write, a pulse is cre- 
ated on the XO line following the W line. The pulse informs the sec- 
ond FI FO that it is going to receive the next word. It also informs the 
first FIFO that its write pointer will no longer increment due to an 
internal evaluation_of the XO line. The XO line of the first FIFO is 
connected to the XI line ofjhe second FIFO. The XO of the second 
FIFO is connected to the XI ofthe third, and so on. The XOof the 
last FIFO is connected to the XI of the first FIFO. A typical XO op- 
eration of 2048 writes after a reset is shown in Figure 2. 

The same procedure holds true for read operations. During the 
512th read operation after a reset, another pulse will be created on 
the XO line following the Read line. This pulse will inform the sec- 
ond FIFO that it will be read from on the next cycle (provided it isn’t 
empty). Also the first FIFO’s readpo inter will not increment until it 
receives a second pulse on its_XI line. 

Figure 3 shows the XO and xTrelationship to read and write. The 

XO pulses are transferred to the XI ofthe next level of FIFO. The first 
pulse transfers write pointer control and the second transfers read 
pointer control. There is an important advantage to this method ex- 
pansion. A word written to the FIFO after a master reset is immedi- 
ately available at the FIFO output. A read cycle can be initiated as 
soon as EF is unasserted. This is called zero fall-through time. Ear- 
lier shift register-based FIFOs have a fall-through time in the psec 
range. 

To take full advantage of this unique expansion feature^some 
design precautions must be observed. Since a pulse on XI acti- 
vates read or write operations of the FIFO, they must be relatively 
free from cross-talk noise. A long trace from the XO ofthe last FIFO 
to the XI of the first FIFO isapotential source of cross-talk noise.To 


prevent noise spikes from altering the XI input on this and other XO 
to XI interconnects, a small capacitor in the 22pF to 47pF range 
should be inserted between the XI inputs and ground. 

Another Important point is how to handle flags in the expansion 
mode. To create the composite Full Flag, tie the four individual 
FIFO Full Flags to an OR gate. The composite Empty Flag is cre- 
ated similarly. This additional logic is shown in Figure 1. 

To create intermediate flags using the individual Full and Empty 
flags is more tricky, but can be done. For example, an attempt to 
create a composite Half-Full Flag is described here. Let us define 
Flag f 1 as when any two FIFOs are full and at least one other FIFO is 
not empty. Boolean Equation forfl: 

fl = FF1.FF2(EF3+EF4) + 

FF2.FF3(EF1+EF4) + 

FF3.FF4(EF1 + EF2) + 

FF4.FF1(EF2+EF3) 

FFi = Full Flag of FIFOi 

EFi = Empty Flag of FIFOi 

In one extreme case, fl is asserted when there is 1.5K-1 words 
in the FIFO array. The first two FIFOs are full, with 512 words in 
each, and the third FIFO has 51 1 words. Another extreme case is 
when two FIFOs are full and the third FIFO has only one word. 
Therefore, Flag f 1 is only a range of words where the half-full condi- 
tion exists, from 1K+ 1 to 1.5K-1 words in the array. It may not be 
used as a half-full indicator, because the FIFO array may be almost 
3/4 full before Flag fl is asserted. 

As shown in Figure 4, an empty FIFO array has a word written to 
it and then read from it. Then, 1.5K-1 words are written to the FIFO 
array. The write pointer is on the last word of the third Fl FO. Only at 
this time is Flag f 1 asserted, while the FIFO array has 1.5K-1 words 
in it. Intermediate flags like fl , generated from Boolean Equations, 
can only provide a range of values when f 1 is to be asserted. A pre- 
cise position forfl cannot be determined. If Boolean Equations are 
used to generate intermediate flags, consider all the different loca- 
tions of the read and write pointers which may assert or deassert at 
a particular condition. 
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XO (FIFO 2) 




Figure 3. The XO and XI Pulse Timings 

NOTES: 

1 . Pulse 1 is created by the 512th write pulse; it is a delayed write pulse. 

2. Pulse 2 is created by the 51 2th read pulse. 

3. Pulse 3 from FIFO 2 is created by the 1024th write pulse. 

4. Pulse 4 is created by the 1024th read pulse. 

5. XO (FIFO 3) and XO (FIFO 4) are not shown, but they follow the same pattern. 

6. XO (FIFO 4) will be created by the 2048th write pulse and later by the 2048th read pulse, thereby transferring pointer control back to FIFO 1. 



#4 


2 ^ WR ITE POINTER 

#3 

1 



READ POINTER 


Figure 4. The Behavior of the fl Flag for Different Cases 


Case 1 : In the cascaded FIFO arrangement, the write pointer has just writ- 
ten to FIFO #3 and the flag defined by the fl equation would be asserted at 
the half-full point. 


Case 2: The FIFO array is half-full at arrow at Note 1 , but fl will not be as- 
serted until the last write into FIFO#3 or until the FIFO array is almost 3/4 full 
or at arrow 2. 
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by David C. Wyland 


SUMMARY 

IDT has developed special testing methods for dual-port RAM 
address arbitration logic to ensure that their busy timing specifica- 
tions are conservative and completely specified, even under the 
low probability conditions of metastability. This technical note dis- 
cusses these special testing methods. 

INTRODUCTION 

Dual-port RAMs such as the IDT7130, IDT7132 and IDT7133 
contain address arbitration logic which provides a busy signal to 
one of the two ports when both ports are accessing the same ad- 
dress at the same time. In many systems, the timing of these ad- 
dress signals is asynchronous. This allows a situation where both 
addresses arrive at the arbitration logic at exactly the same time 
and the logic must decide which side will receive the busy signal. 
When the signals arrive at the internal logic at exactly the same 
time, the settling time of the busy signal is longer than normal due 
to an effect known as metastability. Metastability time is included in 
the specifications of IDT dual-port RAM arbitration logic. 

The additional settling time due to metastability is difficult to 
measure because the signals must arrive at exactly the same time 
for the metastability effect to be measurable. Because small 
amounts of on-chip and system noise will change the timing, me- 
tastability measurements are, by nature, statistical. As a result, the 
extra time for metastability cannot be directly tested. However, it 
can be estimated from parameters that can be tested. 

ARBITRATION PARAMETERS DEFINITION 

There a re two major specifications for the dual-port arbitration 
circuit: the BUSY access time (teAA) and the arbitration priority set 


uptime (tAPs)-The BUSY access time specification is the most im- 
portant. It defines the maximum time delay fr om the point that the 
addresssettlesononesidetothetimethatthe BUSY outputwillbe 
stable on that side. This is shown below for both the case where 
BUSY is inactive (winning case) or active (losing case). 

Several points should be noted about this specification: 

• tBAA is a maximum: it holds under all conditions, including 
metastability. 

• BUSY can glitch high and low during tBAA. similar to a RAM 
access time. 

• If BUSY is high following tBAA. it will not change until the ad- 
dress is changed. 

• If BUSY is low following tBAA. if wi H not change until the other 
side changes its address and releases the arbitration. 

The arbitration logic determines when both sides are address- 
ing the same location and it sends a BUSY signal to the side whose 
address settled last. This logic requires some time to work which 
leads to some ambiguity for simultaneous signals. For example, if 
the second address arrives too soon after the first, the logic will not 
be able to determine which was last and will arbitrarily pick one 
side or the other. The minimum time required b etween the two ad- 
dresses to guarantee that the late one gets the BUSY signal is the 
arbitration priority set-up time, tAPS • I f the la te address arrives after 
tAPS . the >ate si de will always get the BUSY signal; if it arrives ear- 
lier than tAPS . BUSY may be assigned to the early side. This is 
shown below for the c ase wh ere the right side address arrives after 
the left side address (BUSY is active low). The delay between the 
addresses is called toELTA in this case. 
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The plot on the pr evious page can be used to estimate the fre- 
quency of failure of BUSY to settle as a function of how long it 
takes to settle. The notes on the probability axis refer to these esti- 
mates. These notes assume that the system is repeatedly creating 
the metastable state at a 10MHz r ate by a pplying the addresses at 
the same time. If you wait 27ns for BUSY to settle under these con- 
ditions, it will fail to settle by that time once in 10**9 times, or once 
every 100 seconds. If you wait approximately 31ns, it will fail to set- 
tle once per 100 years. Note that the 22ns time corresponding to 
probability 1.0 is also the time for the case where there is no me- 
tastability. This occurs when one address arrives a long time be- 
fore the other. In the non-metastable case, BUSY will settle out in 
22ns. 

The 10MHz metastable inducement frequency is much higher 
than would be experienced in real systems. The actual metastable 
inducement frequency for a typical, high-performance system is 
less than once per second. This would increase the mean time to 
failure from once in 100 years to once in 10**9 years for the 31ns 
case mentioned above. 

The reasoning for this is as follows. If both sides are accessing a 
1 024 word dual-port memory, the probability of access of a particu- 
lar address by one side is on the order of one part per 1024. The 
probability of both sides simultaneously accessing the same ad- 


dress is the product of the probabilities for each side, or one part in 
10**6, assuming a random use of the addresses by both sides. 

If both sides are accessing the RAM, the probability that the ad- 
dresses will arrive close enough in time to induce metastability is 
also small.' If we usethetAPS time of 5ns as a conservative estimate 
of the metastability inducement window, the probability of the two 
sides accessing within this window is 5ns divided by the cycle 
time, i.e. 5/100 for a 100ns cycle time. 

If we combine these results, we can estimate the actual fre- 
quency of metastability inducement as a function of the system cy- 
cle time: 

Fmeta = Fcyc* (1/words per RAM)2 
* (tAPS/tCYC) 

= Fcyc* (1/words per RAM)2 
*(tAPS) *(Fcyc) 

= (1/words per RAM)2* 

(tAPS)* (Fcyc) 2 

= (10**— 6)* (5.0*10**-9)* 

(10**7)2 

= 5.0* 10**-1 = 0.5Hz 


BUSY Access Time for the Metastablo Case 
vs 

Basic Part Delay (Non-Metastable Case) 
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BUSY ACCESS TIME 
WITHOUT METASTABILITY 


Metastability settling time should be a function of the inherent 
speed of the part. This is because the regeneration time of the latch 
is determined by the gain-bandwidth o f the de vices. This has been 
verified experimentally. A plot of the BUSY access time for the 
metastable condition versus the non-metastable condition is 
shown below. This effectively plots the metastable settling time 
against the raw speed of the part, as indicated by the delay for the 
non-metastable case. 

Alinear estimate through these points allows BUSY access time 
with metastability to be calculated from the non-metastable time. 
This is given by: 

tBAA = 1-33*tBAANM + 7ns 

Where: tBAANM = BUSY access time without metastability 

Alternatively, the maximum value of tBAANM fora specified tBAA 
is given by: 

tBAANM = 0.75* (t B AA - 7) 

= 0.75* (45 - 7) = 28.5ns 

This means that the I DT7130 and I DT71 32, 1 K x 8 dual-port RAM 
devices, should have a BUSY access time of no more than 28.5ns 


in the non-metastable case to ensure a 45ns tBAA spec for the 
metastable case. 


BUSY ACCESS TIME TESTING ISSUES 

Actual testing of the worst case tBAA is difficult because the 
worst case value occurs at the metastable peak and is probabilistic 
in nature. The peak is probably much sharper than shown in the 
sketch and it occurs somewhere near, but not at, zero. Finding the 
peak value requires special equipment and a lot of test time. This 
type of special metastable testing has been performed on the 
IDT7130 and the data shown on the above graph is derived from 
these results. 

The metastable access time is a calculated value based on 
probability. It is found by conducting many tests where the address 
delta is walked through the metastable region while recording the 
observed tBAA times. This data is plotted on a semi-log probability 
graph and the graph is extrapolated to find the access ti me that 
must be allowed to reach a given level of probability that the BUSY 
output is valid. The access times shown on the metastable versus 
non-metastable graph are calculated to be large enough that they 
will be exceeded only once per 100 years at an arbitration rate of 
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DUAL-PORT RAM ADDRESS 

ARBITRATION METASTABILITY TESTING TECHNICAL NOTE TN-10 


10MHz. (Note: Reducing the time doesn’t gain you much; reduc- 
ing the time to once In 10 years only gains you .67ns in access 
time.) 

BUSY ACCESS TIME TESTING METHODS 

The following method can be used for testing %aa : 

• Test the busy access time at 50 + ns. 

• Use the following table to relate the 50 + ns value to the de- 
sired t BAA : 


tBAA Spec 

Test Limit taAANM 

60.0ns 

39.75ns = .75*(tBAA “ 7) 

50.0 

32.25 

45.0 

28.50 

40.0 

24.75 

35.0 

21.00 

20.0 

17.25 


• Check that correct assignment of BUSY occurs at tAPs 
(5.0ns) by testing with the left side earlier than the right, then 
later than the right by ^ps- Test for all address bit variations 
(wiggle each address bit). 

• t bac. BUSY access from chip enable, is assumed to be 75% 
of t baa(wQ don’t have any metastable data on tBAC)- 

• tBAA 300 * teAC are, by nature, guaranteed but not (directly) 
tested. 
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CACHE-TAG RAM 
TIMING FOR THE 68020 
USING THE IDT7174 


TECHNICAL 

NOTE 

TN-11 


by David C. Wyland 


A cache memory for the 68020 can be made using IDT7174 
cache-tag RAMs in combination with cache-data RAMs such as 
the IDT7164. The access time requirements for the cache-tag and 
cache-data RAMs can be derived from the 68020 timing 
specifications. 

The cache-tag RAMs must be fast because they must decide 
whether to use cache data or main memory data and this decision 


must be made at the beginning of the memory cycle. The critical 
path for the cache-tag RAMs is from the address outputs, through 
the cache-tag RAMs to their match outputs and through the 
DSACK drivers to the DSACK inputs to the 68020. This is shown in 
the 68020 Cache Interface drawing below. 



Figure 1. 68020 Cache Interface 


The cache-tag and data RAM access time calculations and 
timing diagram are shown below for a 68020 running with a 20MHz 
clock. 


Cache-Tag RAM Access Time Requirement 

Cache-Data RAM Access Time Requirement 

Spec. 


Value 

Spec. 


Value 

No. 

Characteristic 

@ 20 MHz (ns) 

No. 

Characteristic 

@ 20 MHz (ns) 

- 

3 Half-Clock Periods 

75 

_ 

5 Half-Clock Periods 

125 

6 

Clock High to Address 

-25 

6 

Clock High to Address 

-25 

- 

DSACK Driver Delay 

-5 

27 

DATA | N Valid to Clock Low 

5 

47A 

DSACK Input Set-up Time 

-5 





Tag RAM Access Time 

40 


Data RAM Access Time 

95 
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CACHE-TAG RAM TIMING FOR THE 68020 

USING THE IDT7174 TECHNICAL NOTE TN-11 


CLOCK 


ADDRESS 


TAG RAM 
ACCESS TIME 


DSACK 
LOGIC DELAY 


DSACK 
SET-UP TIME 


DATA RAM 
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Figure 2. 68020 Cache Timing Diagram 


Cache-tag and cache-data RAM access time requirements for 
various 68020 clock rates are shown in the table below. Note that a 
5ns delay for the DSACK drive gates is assumed. 


Speed 

(MHz) 

Clock 
Period (ns) 

Tag Access 
Time (ns) 

Data Access 
Time (ns) 

25 

40 

25 

70 

20 

50 

40 

95 

16 

62.5 

53 

121 

12.5 

80 

65 

150 


Figure 3. 68020 Cache Memory Access Time Requirements vs Clock Rate 






USING IDT’S VIDEO DACs 
IN 5V ONLY SYSTEMS 


TECHNICAL 

NOTE 

TN-12 


by John Hull 


The IDT75C18 and IDT75C19 Video DACs were designed with 
ECL-compatible inputs because of the high data rates required for 
1280 x 1024 pixel resolution CRT displays {110MHz). Normally, 
one would use a single -5.2V power supply (standard ECL) to 
power the DAC. There are a few reasons why this standard configu- 
ration would not be used, such as elimination of the minus supply 
and TTL compatibility. 

POWER SUPPLY CONSIDERATIONS 

The circuitry of the IDT75C18 and IDT75C19 have been parti- 
tioned on the chip into analog and digital functions to optimize the 
noise performance of the DAC. Both devices have analog and digi- 
tal ground inputs, as well as analog and digital power connections. 

Since the IDT75C18 and IDT75C19 have been designed for 
ECL systems, their Agnd and Dgnd inputs are normally con- 
nected to OV and their power supply pins, Veea and Veed, connect 
to -5.2V. 

As long as the correct polarity of the power supply inputs is 
maintained, the IDT75C18 and IDT75C19 can operate from a 
+ 5.0V as well as a -5.2V supply. The DAC is not affected by the 
polarity of its power supply. In the same manner, the ECL gates 
driving the DAC may be operated with a + 5.0V power supply with 
no degradation of performance. This arrangement still provides a 
direct interface to the DAC; no level shifting is required. The advan- 
tage is that the minus power supply is eliminated. Care must be 
taken, however, that the + 5.0V supply is high quality and correctly 
bypassed. Any noise on the + 5.0V supply will couple directly into 
the ECL outputs, reducing input margins. 

The following table summarizes the power and ground connec- 
tions for the IDT75C18 and IDT75C19 for both positive and nega- 
tive supplies. 


Device Pin 

Positive Supply 

Negative Supply 

Agnd 

+5.0V 

OV 

Dgnd 

+5.0V 

OV 

V EE a 

OV 

-5.2V 

V EHD 

0V 

-5.2V 


INPUT CONSIDERATIONS 

Because the IDT75C18 and IDT75C19 were designed for ECL 
systems, all inputs were optimized for ECL logic levels. The impor- 
tant specification, however, is the threshold points, or at what volt- 
age is a logic “1” and “0” guaranteed (Vih & Vil). 

The Vih specification may be restated as the minimum voltage 
which guarantees a logic “1” and Vil as the maximum voltage 
guaranteeing a logic “0”. In the minus supply case, any input volt- 
age between 0V and -1.045V is a logic “1 ”, while an input voltage 
between -1 .49V and -5.2V (Veed) is a logic “0”. These voltages are 
referenced to 0V, Dgnd. For the positive supply case, the input 
voltages are again referenced to 0V, but this time the pin is Veed. 
To calculate the correct input voltage levels, simply subtract the 
specified Vih and Vil from the positive power supply (5.0V). The 
results are summarized in the following table. 


Digital Input 

Negative Supply 

Positive Supply 

Logic “1* 

0V to -1.045V 

+ 3.955V to 5.0V 

Logic "0” 

-1.49V to -5.2V 

+ 3.51V to 0V 


It is possible to directly drive the DAC inputs using IDT’s FCT 
logic family. The guaranteed minimum output “high” level is 4.3V, 
easily exceeding the needed 3.955V. It is also possible to drive the 
DAC inputs using a normal TTL gate and an external resistor level 
shifter, as shown below. This circuit ensures proper input levels for 
the DAC if the TTL gate has a minimum Voh of 2.4V and a maxi- 
mum VOL Of 0.4V. 



ANALOG OUTPUT CONSIDERATIONS 

The output structure of the IDT75C18 and IDT75C19 is a high- 
impedance current sink which is capable of driving a doubly termi- 
nated 750 load to standard video levels. To convert the DAC output 
current into a voltage, a load resistor is connected between the out- 
put pin and the most positive supply. In the negative supply case, 
the output voltage swings between 0V and -IV, while in the posi- 
tive supply case, the output swings between +5V and +4V. In 
many video applications, the output DC level is unimportant be- 
cause the monitor is AC coupled. In other applications, this may be 
undesirable because of noise on the + 5V supply. 

The circuit below can be used to reference the output voltage to 
the most negative supply and provide some isolation from the + 5V 
supply. PNP transistors Q1 and Q2 are biased to provide a nearly 
constant voltage on their bases. The current through Q1 is then es- 
sentially the DAC output current flowing into the OUT-pin. Q1 func- 
tions as a current source and the output voltage across the load re- 
sistors is now referenced to the most negative supply (in this case, 
0V). 
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USING IDT’S VIDEO DACS IN 5V ONLY SYSTEMS 


Resistor R2 and a reference voltage provided by U2, a band-gap 
diode, set the quiescent \^ E for Q1. Transistor Q2, connected as a 
diode, provides temperature compensation for the base-emitter 
voltage of Q1. Since a maximum of 30mA can flow through Q1, a 
monolithic dual is not recommended. Q1 and Q2 should, however, 
be placed in close thermal contact. The current through Q 1 is, then, 
(V+/39Q) -Ivdac- The output voltage corresponding to 10% White 
is 1.07V and to Sync is 0V. 

A few practical points to note: The bases of Q1 and Q2 are bi- 


TECHNICAL NOTE TN-12 


ased with respect to + 5V and, therefore, the bypass capacitors on 
the bases are connected to + 5V and not to ground. The outputs of 
the DAC should share a current path to the most positive supply that 
is independent of the reference circuitry. The output current is pro- 
portional to the reference current and a feedback path into the DAC 
should be avoided. A small variable capacitor may be added be- 
tween the base and collector of Q1 to optimize the output pulse re- 
sponse. 


ANALOG 
+ 5V 
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CACHE-TAG RAM 
TIMING FOR THE 80386 
USING THE IDT7174 


TECHNICAL 

NOTE 

TN-13 


by David C. Wyland 


A cache memory for the 80386 can be made using IDT7174 
cache-tag RAMs in combination with cache-data RAMs such as 
the IDT7164. The access time requirements for the cache-tag and 
cache-data RAMs can be derived from the 80386 timing 
specifications. 

The cache-tag RAMs must be fast because they must decide 
whether to use cache data or main memory data and this decision 


must be made at the beginning of the memory cycle. The critical 
path for the cache-tag RAMs is from the address outputs, through 
the cache-tag RAMs to their match outputs and through the READY 
driver to the READY input to the 80386. This is shown in the 80386 
Cache Interface drawing below. 



Figure 1. 80386 Cache Interface 


The cache-tag and data RAM access time calculations and tim- 
ing diagram are shown below for a 80386 running with a 16MHz 
clock. 


Cache-Tag RAM Access Time Requirement 

Cache-Data RAM Access Time Requirement 

Spec. 


Value 

Spec. 


Value 

No. 

Characteristic 

@ 16 MHz (ns) 

No. 

Characteristic 

@ 16 MHz (ns) 

_ 

2 Clock Periods 

125 

_ 

2 Clock Periods 

125 

T6 

Clock High to Address 

-40 

T6 

Clock High to Address 

-40 

- 

READY Driver Delay 

-5 

T21 

DATA | N Valid to Clock Low 

-10 

T19 

READY Input Set-up Time 

-20 





Tag RAM Access Time 

60 


Data RAM Access Time 

75 
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CACHE-TAG RAM TIMING FOR THE 80386 
USING THE IDT7174 


TECHNICAL NOTE TN-13 


T1 


T2 


62.5ns @ 16MHz 


CLOCK 


ADDRESS 


TAG RAM 
ACCESS TIME 


READY 
LOGIC DELAY 


READY 
SET-UP TIME 


DATA RAM 
ACCESS TIME 


r 



Figure 2. 80386 Cache Timing Diagram 


Cache-tag and cache-data RAM access time requirements for 
various 80386 clock rates are shown in the table below. Note that a 
5ns delay for the READY drive gate is assumed. 




80386 

Speed 

(MHz) 

Clock 
Period (ns) 

Tag Access 
Time (ns) 

Data Access 
Time (ns) 

20 

50.0 

52 

58 

16 

62.5 

60 

75 

12 

83.3 

95 

110 


Figure 3. 80386 Cache Memory Access Time Requirements vs Clock Rate 
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THERMAL PERFORMANCE CALCULATIONS FOR IDT’S PACKAGES 


1 Since most of the electrical energy consumed by microelec- 
tronic devices eventually appears as heat, poor thermal perform- 
ance of the device or lack of management of this thermal energy 
can cause a variety of deleterious effects. This device temperature 
increase can exhibit itself as one of the key variables in establish- 
ing device performance and long term reliability; on the other 
hand, effective dissipation of internally generated thermal energy 
can, if properly managed, reduce the deleterious effects and im- 
prove component reliability. 

j A few key benefits of IDT’s enhanced CEMOS ™ process are: 

low power dissipation, high speed, increased levels of integration, 

| wider operating temperature ranges and lower quiescent power 
I dissipation. Because the reliability of an integrated circuit is largely 
dependent on the maximum temperature the device attains during 
| operation, and as the junction stability declines with increases in 
junction temperature (Tj), it becomes increasingly important to 
maintain a low (Tj). 

CMOS devices stabilize more quickly and at greatly lower tem- 
perature than bipolar devices under normal operation. The accel- 
erated aging of an integrated circuit can be expressed as an expo- 
nential function of the junction temperature as: 

I* = to exp | Ea/ 1 - 1 ^ 

|_ k \T 0 T j/ 

where 

tA = lifetime at elevated junction (Tj) temperature 
t 0 = normal lifetime at normal junction (To) temperature 
Ea = activation energy (ev) 
k = Boltzmann’s constant (8.617 x 10 5 ev/k) 

i.e. the lifetime of a device could be decreased by a factor of 2 for 
every 10°C increase temperature. 

To minimize the deleterious effects associated with this poten- 
tial increase, IDT has: 

1. Optimized our proprietary low-power CEMOS fabrica- 
tion process to ensure the active junction temperature 
rise is minimal. 

2. Selected only packaging materials that optimize heat 
dissipation, which encourages a cooler running device. 

3. Physically designed all package components to en- 
hance the inherent material properties and to take full 
advantage of heat transfer and radiation due to case 
geometries. 


Ref. MIL-STD-883C, Method 1012.1 

JEDEC ENG. Bulletin No. 20, January 1975 

1986 Semi. Std., Vol. 4, Test Methods G30-86, G32-86. 


4. Tightly controlled the assembly procedures to meet or 
exceed the stringent criteria of MIL-STD-883C to ensure 
maximum heat transfer between die and packaging 
materials. 

The following figures graphically illustrate the thermal values of 
IDT’s current package families. Each envelope (shaded area) de- 
picts a typical spread of values due to the influence of a number of 
factors which include: circuit size, package cavity size and die at- 
tach integrity. The following range of values are to be used as a 
comprehensive characterization of the major variables rather than 
single point of reference. 

When calculating junction temperature (Tj), it is necessary to 
know the thermal resistance of the package (0ja) as measured in 
“degrees Celsius per watt”. With the accompanying data, the fol- 
lowing equation can be used to establish thermal performance, en- 
hance device reliability and ultimately provide you, the user, with a 
continuing series of high-speed, low-power CMOS solutions to 
your system design needs. 

6ja = Fj - Ta]/P 

Tj = T a + P [0 JA j = T a + P[0ja+ 9caI 
where 

0jc = Ti - Tc 0 ca= Tc- Ta 

P P 

0 = Thermal resistance, junction to reference point 

J = Junction 

P = Operational power of device (dissipated) 

Ta = Ambient temperature in degrees Celsius (normally 
+70°C) 

Tj = Junction temperature of integrated device 

Tc = Temperature of case/package 

0ca = Case to Ambient, thermal resistance -usually a 
measure of the heat dissipation due to natural 
or forced convection, radiation and mounting 
techniques. 

0jc = Junction to Case, thermal resistance— usually 
measured with reference to the temperature at a 
specific point on the package (case) surface. (De- 
pendent on package material properties and pack- 
age geometry.) 

0ja = Junction to Ambient, thermal resistance— usually 
measured with respect to the temperature of a speci- 
fied volume of Still Air. (Dependent on 0jc + Oja 
which includes the influence of area and environ- 
mental condition.) 
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PKG. 

DESCRIPTION 

PAGE 

P16-1 

16-Pin Plastic DIP (300 mil) 

15-7 

P18-1 

18-Pin Plastic DIP (300 mil) 

15-7 

P20-1 

20-Pin Plastic DIP (300 mil) 

15-7 

P22-1 

22-Pin Plastic DIP (300 mil) 

15-7 

P24-1 

24-Pin Plastic DIP (300 mil) 

15-7 

P24-2 

24-Pin Plastic DIP (600 mil) 

15-8 

P28-1 

28-Pin Plastic DIP (600 mil) 

15-8 

P40-1 

40-Pin Plastic DIP (600 mil) 

15-8 

P48-1 

48-Pin Plastic DIP (600 mil) 

15-8 

P64-1 

64-Pin Plastic DIP (900 mil) 

15-8 

D16-1 

16-Pin CERDIP (300 mil) i 


D18-1 

18-Pin CERDIP (300 mil) 

15-9 

D20-1 

20-Pin CERDIP (300 mil) . 

15-9 

D24-1 

24-Pin CERDIP (300 mil) 

15-9 

D24-2 

24-Pin CERDIP (600 mil) 

15-10 

D28-1 

28-Pin CERDIP (600 mil) 

15-10 

D28-2 

28-Pin CERDIP (Wide Body) 

15-10 

D32-1 

32-Pin CERDIP (Wide Body) 

15-10 

D40-1 

40-Pin CERDIP (600 mil) 

15-10 

D40-2 

40-Pin CERDIP (Wide Body) 

15-10 

C20-1 

20- Pin Sidebraze (300 mil) 

15-11 

C22-1 

22-Pin Sidebraze (300 mil) 

15-11 

C24-1 

24-Pin Sidebraze (300 mil) A 

15-11 

C24-2 

24-Pin Sidebraze (600 mil) 

15-13 

C28-1 

28-Pin Sidebraze (300 mil) 

15-11 

C28-2 

28-Pin Sidebraze (400 mil) 

15-12 

C28-3 

28-Pin Sidebraze (600 mil) 

15-13 

C40-1 

40-Pin Sidebraze (600 mil) 

15-13 

C48-1 

1 40-Pin Sidebraze (400 mil) 

15-12 

C48-2 

48-Pin Sidebraze (600 mil) 

15-13 

C64-1 

64-Pin Sidebraze (900 mil) 

15-14 

C64-2 

64-Pin Topbraze (900 mil) 

15-15 

C68-1 

68-Pin Sidebraze (600 mil) 

15-13 

PG68-1 

68-Pin Plastic Pin Grid Array 

15-16 

G68-1 

68-Lead Pin Grid Array (Cavity Up) 

15-17 

G68-2 

68-Lead Pin Grid Array (Cavity Down) 

15-18 

G84-1 

84-Lead Pin Grid Array (Cavity Up) 

15-17 

G84-2 

84- Lead Pin Grid Array (Cavity Down) 

15-18 

G108-1 

108-Lead Pin Grid Array (Cavity Up) 

15-17 

G144-1 

144-Lead Pin Grid Array (Cavity Down) 

.' 15-18 

S016-1 

16-Pin Small Outline 1C (Gull Wing) 

15-19 

S018-1 

18-Pin Small Outline 1C (Gull Wing) 

15-19 

SO20-2 

20-Pin Small Outline 1C (Gull Wing) 

15-19 

S024-2 

24-Pin Small Outline 1C (Gull Wing) 

15-19 ■ L|M 

S024-3 

24-Pin Small Outline 1C (Gull Wing) 

15-19 

S028-2 

28-Pin Small Outline 1C (Gull Wing) 

15-19 

S028-3 

28-Pin Small Outline 1C (Gull Wing) 

15-19 

Y24-1 

24-Pin Small Outline 1C (J-Bend) 

15-20 


f 


15-3 



PACKAGE DIAGRAM OUTLINE INDEX 


PKG. DESCRIPTION PAGE 

J20-1 20-Pin Plastic Leaded Chip Carrier (Sq.) . . . . . . 15-21 

J28-1 28-Pin Plastic Leaded Chip Carrier (Sq.) 15-21 

J32-1 32-Pin Plastic Leaded Chip Carrier (Rect.) 15-22 

J44-1 44-Pin Plastic Leaded Chip Carrier (Sq.) 15-21 

J52-1 52-Pin Plastic Leaded Chip Carrier (Sq.) 15-21 

J68-1 68-Pin Plastic Leaded Chip Carrier (Sq.) 15-21 

J84-1 84-Pin Plastic Leaded Chip Carrier (Sq.) 15-21 

L20-1 20-Pin Leadless Chip Carrier (Rect.) 15-25 

L20-2 20-Pin Leadless Chip Carrier (Sq.) 15-23 

L22-1 22-Pin Leadless Chip Carrier (Rect.) 15-25 

L24-1 24-Pin Leadless Chip Carrier (Rect.) 15-25 

L28-1 28-Pin Leadless Chip Carrier (Sq.) 15-23 

L28-2 28-Pin Leadless Chip Carrier (Rect.) 15-26 

L32-1 32-Pin Leadless Chip Carrier (Rect.) 15-26 

L44-1 44-Pin Leadless Chip Carrier (Sq.) 15-23 

L48-1 48-Pin Leadless Chip Carrier (Sq.) 15-24 

L52-1 52-Pin Leadless Chip Carrier (Sq.) 15-24 

L68-1 68-Pin Leadless Chip Carrier (Sq.) 15-24 

L68-2 68-Pin Leadless Chip Carrier (Sq.) 15-24 

El 6-1 16-Lead CERPACK 15-27 

E20-1 20-Lead CERPACK 15-27 

E24-1 24-Lead CERPACK 15-27 

F20-1 20-Lead Flatpack 15-28 

F20-2 20-Lead Flatpack (.295 Body) 15-28 

F24-1 24-Lead Flatpack 15-28 

F28-1 28-Lead Flatpack 15-28 

F48-1 48- Lead Quad Flatpack 15-29 

F64-1 64- Lead Quad Flatpack 15-29 

PF84-1 84- Lead Plastic Flatpack 15-30 

PF100-1 100-Lead Plastic Flatpack 15-30 

PF132-1 132-Lead Plastic Flatpack 15-30 

Module Packaging 15-31 
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PACKAGE DIAGRAM OUTLINE INDEX 


DESCRIPTION 

PACKAGE 

16-Pin Plastic DIP (300 mil) 

P16-1 ... 

18-Pin Plastic DIP (300 mil) 

P18-1 ... 

20-Pin Plastic DIP (300 mil) 

P20-1 . . . 

22-Pin Plastic DIP (300 mil) 

P22-1 . . . 

24-Pin Plastic DIP (300 mil) 

P24-1 . . . 

24-Pin Plastic DIP (600 mil) 

P24-2 . . . 

28-Pin Plastic DIP (600 mil) 

P28-1 . . . 

40-Pin Plastic DIP (600 mil) 

P40-1 ... 

48-Pin Plastic DIP (600 mil) 

P48-1 . . . 

64-Pin Plastic DIP (900 mil) 

P64-1 . . . 

16-Pin CERDIP (300 mil) 

D16-1 . . 

18-Pin CERDIP (300 mil) 

D18-1 .. 

20-Pin CERDIP (300 mil) 

D20-1 .. 

24-Pin CERDIP (300 mil) 

D24-1 .. 

24-Pin CERDIP (600 mil) 

D24-2 .. 

28-Pin CERDIP (600 mil) 

D28-1 .. 

28-Pin CERDIP (Wide Body) 

D28-2 .. 

32-Pin CERDIP (Wide Body) 

D32-1 .. 

40-Pin CERDIP (600 mil) 

D40-1 .. 

40-Pin CERDIP (Wide Body) 

D40-2 .. 

20-Pin Sidebraze (300 mil) 

C20-1 .. 

22-Pin Sidebraze (300 mil) 

C22-1 .. 

24-Pin Sidebraze (300 mil) 

C24-1 . . 

24-Pin Sidebraze (600 mil) 

C24-2 .. 

28-Pin Sidebraze (300 mil) 

C28-1 .. 

28-Pin Sidebraze (400 mil) 

C28-2 .. 

28-Pin Sidebraze (600 mil) 

C28-3 .. 

40-Pin Sidebraze (600 mil) 

C40-1 .. 

40-Pin Sidebraze (400 mil) 

C48-1 .. 

48-Pin Sidebraze (600 mil) 

C48-2 .. 

64-Pin Sidebraze (900 mil) 

C64-1 .. 

64-Pin Topbraze (900 mil) 

C64-2 .. 

68-Pin Sidebraze (600 mil) 

C68-1 .. 

68- Pin Plastic Pin Grid Array 

PG68-1 . 

68-Lead Pin Grid Array (Cavity Up) 

G68-1 .. 

68-Lead Pin Grid Array (Cavity Down) 

G68-2 .. 

84- Lead Pin Grid Array (Cavity Up) 

G84-1 .. 

84-Lead Pin Grid Array (Cavity Down) 

G84-2 .. 

108- Lead Pin Grid Array (Cavity Up) 

G108-1 . 

144-Lead Pin Grid Array (Cavity Down) 

G144-1 . 

16-Pin Small Outline 1C (Gull Wing) 

S016-1 . 

18-Pin Small Outline 1C (Gull Wing) 

S018-1 . 

20-Pin Small Outline 1C (Gull Wing) 

SO20-2 . 

24-Pin Small Outline 1C (Gull Wing) 

S024-2 . 

24-Pin Small Outline 1C (Gull Wing) 

S024-3 . 

28-Pin Small Outline 1C (Gull Wing) 

S028-2 . 

28-Pin Small Outline 1C (Gull Wing) 

S028-3 . 

24-Pin Small Outline 1C (J-Bend) 

Y24-1 . . . 
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PACKAGE DIAGRAM OUTLINE INDEX 


DESCRIPTION PACKAGE PAGE 

20-Pin Plastic Leaded Chip Carrier (Sq.) J20-1 15-21 

28-Pin Plastic Leaded Chip Carrier (Sq.) J28-1 15-21 

32-Pin Plastic Leaded Chip Carrier (Rect.) J32-1 15-22 

44-Pin Plastic Leaded Chip Carrier (Sq.) J44-1 15-21 

52-Pin Plastic Leaded Chip Carrier (Sq.) J52-1 15-21 

68-Pin Plastic Leaded Chip Carrier (Sq.) J68-1 15-21 

84-Pin Plastic Leaded Chip Carrier (Sq.) J84-1 15-21 

20-Pin Leadless Chip Carrier (Rect.) L20-1 15-25 

20-Pin Leadless Chip Carrier (Sq.) L20-2 15-23 

22-Pin Leadless Chip Carrier (Rect.) L22-1 15-25 

24-Pin Leadless Chip Carrier (Rect.) L24-1 15-25 

28-Pin Leadless Chip Carrier (Sq.) L28-1 15-23 

28-Pin Leadless Chip Carrier (Rect.) L28-2 15-26 

32-Pin Leadless Chip Carrier (Rect.) L32-1 15-26 

44-Pin Leadless Chip Carrier (Sq.) L44-1 15-23 

48-Pin Leadless Chip Carrier (Sq.) L48-1 15-24 

52-Pin Leadless Chip Carrier (Sq.) L52-1 15-24 

68- Pin Leadless Chip Carrier (Sq.) L68-1 15-24 

68-Pin Leadless Chip Carrier (Sq.) L68-2 15-24 

16-Lead CERPACK E16-1 15-27 

20-Lead CERPACK E20-1 15-27 

24-Lead CERPACK E24-1 15-27 

20-Lead Flatpack F20-1 15-28 

20-Lead Flatpack (.295 Body) F20-2 15-28 

24-Lead Flatpack F24-1 15-28 

28-Lead Flatpack F28-1 15-28 

48-Lead Quad Flatpack * F48-1 15-29 

64-Lead Quad Flatpack F64-1 15-29 

84-Lead Plastic Flatpack PF84-1 15-30 

100-Lead Plastic Flatpack PF100-1 15-30 

132- Lead Plastic Flatpack PF 132-1 15-30 

Module Packaging 15-31 
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PLASTIC DUAL IN-LINE PACKAGES 


16-24 PIN PLASTIC DIP (300 MIL) 





l-H— 


ri jl a 


Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS DTHERVISE STATED. 
CE] BSC - BASIC PIN SPACING BETWEEN CENTERS. 

C3] D 8. El DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 


l 5wwB5#5B5w^BSi5i!i»5EM!Si5»MS5^iSw^i 

I ■»X»L‘ 1 »M ■»* I [f gift I [*■ MtJtoHM gift I I»M gift i DM »iX«j-T»lM gift i M 

I ■»I»i giliHig Mili giTiTZHi ■EOTM ■»!» VjM m*XH gift^M 

I giXMM gil»7i.g ■iXiEM g'A'/i-Tl ■»Xi>T-» gifting 
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PACKAGE DIAGRAM OUTLINES 


PLASTIC DUAL IN-LINE PACKAGES (Continued 


24-48 PIN PLASTIC DIP (600 MIL) 
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PACKAGE DIAGRAM OUTLINES 


I 


DUAL IN-LINES PACKAGES 


16-24 PIN CERDIP (300 MIL) 

h d H 




SEATING PLANE 


LI 'V l 

ANGLE = 


[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
C2I BSC - BASIC PIN SPACING BETWEEN CENTERS. 


I|WP V 1 !' H i'll 


MMMTV— ! MW ^V1MK CTB1 


Isis! 

.013 

.830 

1 .240 | 

.310 

inai 

■SH 

.100 

3SC 

.125 1 

.175 

Wl« 

■9 

.060 

MMiW*iaa 

.080 

T iTiTEM 





.100 BSC 


.125 .175 
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PACKAGE DIAGRAM OUTUNES 
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20-28 PIN SIDEBRAZE (300 MIL) 



NOTES: 

[1] ALL DIMENSIONS ARE IN INCHES. UNLESS OTHERWISE STATED. 

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 










PACKAGE DIAGRAM OUTLINES 



28-48 PIN SIDEBRAZE (400 MIL) 



D 

1 

J_l 

L 






NOTES: 

[1] ALL DIMENSIONS ARE IN INCHES. UNLESS OTHERWISE STATED. 

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 
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PACKAGE DIAGRAM OUTLINES 

DUAL IN-LINE PACKAGES (Continued 

24-68 PIN SIDEBRAZE (600 MIL) 



NOTES: 

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 






















PACKAGE DIAGRAM OUTLINES 
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PACKAGE DIAGRAM OUTLINES 




NOTES: UNLESS OTHERWISE SPECIFIED 

1. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE. 

2. SYMBOL "N" REPRESENTS THE NUMBER OF PINS. 

3. DIM "A’ INCLUDES BOTH THE PKG BODY & THE LID. IT DOES NOT 
INCLUDE HEATSINK OR OTHER ATTACHED FEATURES. 

4. DIM "Q* APPLIES TO CAVITY UP CONFIGURATION AND "Q1" APPUES 
TO CAVITY DOWN CONFIGURATION. 

5. PIN DIAMETER “C" EXCLUDES SOLDER DIP OR OTHER LEAD FINISH. 

6. PIN TIPS MAY HAVE RADIUS OR CHAMFER. 
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PACKAGE DIAGRAM OUTLINES 


PIN GRID ARRAY 


68-108 PIN PGA (CAVITY UP) 
BOTTOM VIEW 


TOP VIEW 

h x 45* / PIN 1 ID 
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J x 45‘J 
<3 pics) 


SEATING PLANE- 


UUUUUUI 

-I+- 1 

^ r 0BHh- 


NDTESi 

Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
C2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 
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PACKAGE DIAGRAM OUTLINES 


PIN GRID ARRAY (Continued) 

68-144 PIN PGA (CAVITY DOWN) 


BOTTOM VIEW TOP VIEW 



NOTES. 

Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
C2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 
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SMALL OUTLINE 1C 


16-28 PIN SMALL OUTLINE (GULL WING) 




AlJ 

SEATING PLANE 


rij _hl^ 

-J ! 1 



Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
EE] BSC - BASIC PIN SPACING BETWEEN CENTERS. 

C3] D 8. E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

C4] FORMED LEADS SHALL BE PLANAR WITH RESPECT 

TO ONE ANOTHER WITHIN .004' AT THE SEATING PLANE. 


NO. OF LD 


SYMBOL 


16 LD 


MAX 


.1043 
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PACKAGE DIAGRAM OUTLINES 


SMALL OUTLINE 1C (Continued) 

24 PIN SMALL OUTLINE (J-BEND) 




NOTES. 

1. Dl 8. El DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

2. FORMED LEADS SHALL BE PLANAR WITH RESPECT TD 
ONE ANOTHER WITHIN .004' AT THE SEATING PLANE. 

3. Dl 8. El INCLUDE MOLD MISMATCH 8. ARE DETERMINED 
AT THE PARTING LINE. 


DWG # 

Y24-1 

No. OF LD 

24 LD (.300") 

SYMBOLS 


■'7.V 

A 



A1 


MH1-I-M 

B 


TMM 

B1 

fiyni 

MfrM»M 

C 

TliJjJI 

B1 

Dl 

TEEM 

TEEM 

E 


U323B 

El 

TEEM 


E2 


TET*M1 

e 

.050 BSC 

h 

THiMTHM 
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PACKAGE DIAGRAM OUTLINES 


PLASTIC LEADED CHIP CARRIERS 


20-84 PIN PLCC 




NDTESi 

[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 

[31 U E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

C43 FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE ANOTHER WITHIN .004' AT 
THE SEATING PLANE. 

C5] ND 8, NE = # LEADS IN D & E DIRECTIONS 
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PACKAGE DIAGRAM OUTLINES 


PLASTIC LEADED CHIP CARRIER (Continued) 



[13 ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 

C23 BSC - BASIC PIN SPACING BETWEEN CENTERS. 

C3I D i, E DO NOT INCLUDE MOLD FLASH DR PROTRUSIONS. 

[43 FORMED LEADS SHALL BE PLANAR WITH RESPECT TD DNE ANOTHER WITHIN .004' AT 
THE SEATING PLANE. 

[53 ND i. NE = # LEADS IN D & E DIRECTIONS RESPECTIVELY. 


DWG ft 

J32-1 

NO. OF LEAD 

32 LD 

SYMBOL 

MIN 

MAX 

A 

.120 

.140 

A1 

.075 

.095 

B 

.026 

.032 

bl 

.013 

.021 

C 

.015 

.040 

Cl 

.008 

.012 

D 

.485 

.495 

D1 

.449 

.453 

D2 
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| .150 REF 
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.595 

El 
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.553 

E2 

.490 
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E3 

.400 REF 

e 

.050 BSC 
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LEADLESS CHIP CARRIERS 

20-44 PIN LCC (SQUARE) 



NOTESi 

Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
C2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 

C3] ND=NE - NUMBER OF LEADS PER SIDE. 
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PACKAGE DIAGRAM OUTLINES 


LEADLESS CHIP CARRIERS (Continued) 

48-68 PIN LCC (SQUARE) 
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PACKAGE DIAGRAM OUTLINES 


LEADLESS CHIP CARRIERS Continued 


20-24 PIN LCC (RECTANGULAR) 


— | per, 


h x 45*<3P PL)-H f— H A1 K H 

I L2- l HhJ X 45* 

I mnrrrm^ . pq / 

N iT 3 e — — r r 

_JUb 2 |— r = | 

ES § — £4 | 

inLOJULtuy 1:51 =zz \ 

1 I — is — A a L “I 

NDTESi 

Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 
CS] BSC - BASIC PIN SPACING BETWEEN CENTERS. 

C3] ND = # LEADS DN 'D' SIDE 
C4] NE = # LEADS DN 'E' SIDE 
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PACKAGE DIAGRAM OUTLINES 


LEADLESS CHIP CARRIERS (Continued) 

28-32 PIN LCC (RECTANGULAR) 





Cl] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED, 
C2I BSC - BASIC PIN SPACING BETWEEN CENTERS. 

[3] ND = # LEADS UN 'D' SIDE 
C41 NE = # LEADS ON 'E' SIDE 


DWG # 

# OF LEADS <N> 

L28 

2 

-2 

8 

L3E 

2 

2-1 
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MIN 

MAX 

MIN 

MAX 
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.060 
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.050 
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B1 
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.028 

B2 
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.041 

.022 

.041 

D 
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.358 
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.458 

D1 

.075 

REF 

.075 

REF 

D2 
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BSC 

.300 

BSC 

D4 

1 1 558 

1 i458 

D5 
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REF 

.350 

REF 

E 
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.560 

El 
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REF 

.075 

REF 

E2 
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E5 
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REF 

.450 

REF 
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.020 REF 
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.0// 
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7 

UE 

2 

9 


15-26 






PACKAGE DIAGRAM OUTLINES 


CERPACKS 

16-24 LEAD CERPACK 


NOTES: 




[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED. 


[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 


DWG # 

» OF LEADS (N1 


El 6-1 
16 LEADS 


E20-1 

20-LEADS 


E24— 1 
24-LEADS 







PACKAGE DIAGRAM OUTLINES 


FLATPACKS 

20-28 LEAD FLATPACK 




[1] ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE STATED, 

[2] BSC - BASIC PIN SPACING BETWEEN CENTERS. 
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PLASTIC FLATPACKS 

84-132 LEAD PLASTIC QUAD FLATPACK (GULL WING) 


NOTES: UNLESS OTHERWISE SPECIFIED 

1. DIMS D1.D2, El & E2 DO NOT INCLUDE MOLD 
PROTRUSION. 

ALLOWABLE MOLD PROTRUSIONS ARE AS FOLLOWS: 
D1 & El- .010" MAX 
D2 & E2= .007" MAX 

2. PIN 1 IDENTIFIER CAN BE POSITIONED AT EITHER 
ONE OF THESE TWO LOCATIONS. 
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PACKAGE DIAGRAM OUTLINES 


(Ml 4) 40-PIN PLASTIC SIP 
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(Ml 5) 40-PIN PLASTIC DIP 
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(Ml 6) 28-PIN CERAMIC SIP 
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Integrated Device Technology, Inc. has sales representatives and distributors covering each geographic area. Contact the nearest IDT 
Area Sales Office for the number of the local IDT sales office in your region. 

Integrated Device Technology Area Sales Offices are located in: 


BOSTON 

15 Pleasant Street Connector 
Suite 502 

Framingham, MA 01701 
Tel.: (617) 872-4900 
TLX: 855249 
FAX: (617) 872-4906 


CHICAGO 

1375 E. Woodfield Road 
Suite 380 

Schaumburg, IL 60173 
Tel.: (312) 843-1262 
TWX: (910) 651-1910 
FAX: (312) 843-2430 


LOS ANGELES 

1570 Brookhollow Drive 
Suite 208 

Santa Ana, CA 92705 
Tel: (714) 641-0601 
EasyLink: 62909903 
FAX: (714) 641-0855 


SANTA CLARA 

3001 StenderWay 
Santa Clara, CA 95052 
Tel.: (408) 492-8350 
FAX: (408) 492-8358 


IDT INTERNATIONAL LOCATIONS: 

UNITED KINGDOM* 

5 Bridge Street 
Leatherhead 
Surrey, UK KT228BL 
Tel.: 011-44-372-377375 
TWX: 851-94012233 
FAX: 011-44-372-378851 


GERMANY 

Steinsdorfstrasse 19/1 

8000 Munich 22 

West Germany 

Tel.: 011-49-89-228-5071 

TLX: 5214056 

FAX: 011-49-89-228-5491 


JAPAN 

U.S. Bldg. 201 

1-6-15 Hirakawa-Cho, Chiyoda-Ku 
Tokyo 102, Japan 
Tel.: 011-81-3-221-9821 
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